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Thank you for your email requesting the following information:
File reference: AB38/2122

As confirmed previously, we have treated your correspondence as a request for information under
the Freedom of Information Act 2000 and we can advise that the Ministry of Defence (MOD) holds
information in scope of your request.

We attach the following document:
» File AB38/2122 - Chernobyl Accident UKAEA Reaction

If you wish to complain about the handling of your request, or the content of this response, you can
request an independent internal review by contacting the Information Rights Compliance team,
Ground Floor, MOD Main Building, Whitehall, SW1A 2HB (e-mail CIO-FOI-IR@mod.gov.uk).
Please note that any request for an internal review should be made within 40 working days of the
date of this response.

If you remain dissatisfied following an internal review, you may raise your complaint directly to the
Information Commissioner under the provisions of Section 50 of the Act. Please note that the
Information Commissioner will not normally investigate your case until the MOD internal review
process has been completed. The Information Commissioner can be contacted at: Information
Commissioner’s Office, Wycliffe House, Water Lane, Wilmslow, Cheshire, SK9 5AF. Further details
of the role and powers of the Information Commissioner can be found on the Commissioner's
website at hitps://ico.org.uk/.

Yours sincerely,

Defence Nuclear Organisation Secretariat
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You will see from the enclosed that I have to gather together an
Authority view of the proposals being considered for further
action by the IAEA in their post-Chernobyl activities. I would
very much appreclate any SRD input to this process and so would
ask for a regponse by PFriday, 17 October.

S

'p M R Hayna
SRD

United Kingdom
Atomic Energy Authority
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Note for the Record

Scientific Programme for Safety during the General
Conference of the IAEA, Viennha, 2-3 scfober 1G86

Summar

As part of the IAEA's General Conference, a closed meeting was
held to allow technical people to have an exchange of views. This
naturally concentrated on the impact of Chernobyl and covered both
Nuclear Safety and Radlological Protection matters. 1 was
aocompanied by Mr J 8S8heehan of the NII.

Prof Konstantinov chaired the proceedings but Dr Rosen took the
lead in guiding the discussions.

The firat item on the agenda was the review for 1985 of the
agencles activities in Nuclear Safety. This was not presented in
any detail as a full document was handed out. Instead, Rosen
outlined the current situation in the Agency vis a vis post-

Chernobyl expaneion. He sald that the chronology of events for
the immediate future weas:

1. An expert meeting in Vienna, probebly to be held during the
first week in November. This meeting would consider the
.priorities and resources for the various proposals made for the
future work of the Agency. There are three sets of proposals”

a. Those contained in annex VII oh the INSAG report
following the information meeting.

b. The proposal in GN(xxx)/777/Add 1 "The Agencies
Programme and Budget for 1987 and 1988 - Expanded Nuclear
Safety Activities", particularly areas H and I (Nuclear
Safety and Radiological Protection).

C. Resolutions and proposals arising out of the Special

Meeting of the General Conference and the General conference
itself. This would include, for example, apecific proposals
contained within national statements to the Speclal Meeting.

Privetely Roeen agreed that some kind of filtering and
nationalisation of all these propoeals would be required prior to
the November meeting. He could not give a timescale for a final
pet of proposals to be considered by the Expert Group.

2. There would be a meeting of the Bcientific Advisory Committee
of the IAEA in early December, which would consider the
recommendations of the Expert Group.

3. A further meeting of the Board of Governors would be called
in mid December to ratify the new programme.

Rosen emphasised that these meetinge were not yet finalised but
represented his 'best guess' at what will heppen.

He indicated that an increese in budget of $2M was being sought;
this represents a rise of ~30% over the existing $6M budget.



(This does not take into account voluntary contributions of some
$4M). It was suggested that some 15 new professional positions
would be created in the Agency. :

In his general introduction, Rosen pointedly introduced four
papers %in addition to the Nuclear Safety Review).

1. Safety Beries No 75 - INSAG 1. fThis is the Summary Report of
the post-accident review meeting on the Chernobyl accident. It
represents the first in the series of reports to come from the
INSAG group (the second will be on the source term). They are
readily recognised by a striking purple cover.

2. The bulletin of the IAEA, Vol 28, No 3, autumn 1986 - this
contains a preponderance of papers relating to Chernobyl,
including articles by Petrosyants, Blix, Rosen and Lord Marshall.

X Radiation; Doses, Effects, Riska. United Nations
Environmental Programme. This is a literate laymans guide to the

effects of radiation on man ~ rather along the lines of NRPB's
"Living Radiation".

4., Rosen made a "heavy sell" of a paper by Risto Lautkaskl of
the Technical Research Centre of Finland entitled, "Comparative
risks from fossil and uranium fuel cycles - a literature review".
.Rosen said that thie paper provided criteries upon which sensible
comparisons could be made between the various means of generating
electricity. He felt much more should be done in this area.

Finally, Rosen reported that as of~10 am on Thursday 2 October,
some 50 countries had signed the two conventione approved by the
special meeting. )

The remainder of the meeting was devoted to technical discusseions
as indicated in the agenda %attached). The format was for invited
presentations, either from Agency personnel, consultants or
national delegates. Pre-prepared statements were made from the
floor. There was relatively little round table discussion. There
were g sessions, each with a different chairman. During the final
(open) seasion these Chairmen summarised their respective
sessions. These summaries are available, or are described more
fully in the main visit report. The following are very brief
comments or highlights from the sessions.

Operational Safety -~ Chairman Lando Zsch, Chairman, USNRC.

A detalled description of the OSART eystem was given by IAEA
member Franzen. He indicated that Italy had now offered to host a
mission to the LATINA reactor. Further, he pointedly said that no
missions to other gas reactors, or to LMFBRa, HTRe, etc had been
offered. Even though the scheme had been running since 1982, it
was still too early to provide any general insights into
operational safety 'culture'.

The IRS and ASERT programmes were described. More effort was
needed to make the data from different countries compatible with
other international agencies, eg. the NEA. The following 3 levels
of information were identified:




1. Detalled plant epecific data
2. Data relating tc plants of the same basic type, perhaps
operated in different oountries.

3. General data covering all plants and all operational
practices.

Moast agreed that level 3 could provide only broad generic
insights, but that this was likely toc be the principal type of
date availble in the IAEA's IR3. Cogne of CEA made the strong
point that France's standardisation programme meant that their
data was only really useful at level 1. It was generally agreed
that the principal that the operator is responsible for his plant
should never be forgotten and that any changes to regulation,
whether national or international, could only be effective if it
were actually transmitted into operational practice. Chairman
Zech made the point very strongly that no amount of talk in
regulatory meetings was of any value unless the plant operators
were kept fully 'educated' in safety matters.

Management and Response to Radiclogical Emergencies -~ earl

J
warning systems - review of NUSS - Chalrman W Danylch {Budapest)

In his opening remarke, the Chairman expressed his belief that the
response to radiological emergenoies was more important in the
public'se mind than the causes of accidenta. There was a strong
need for authoritative and firm advice when the public asks "what
do we do now?" following a radiological emergency. Discussion
centred around a description of the Bwiss response to the
Chernobyl accident. One procdblem encountered was that with many
surrounding countries beaming TV channels into Switgzerland, a wide
range of conflicting and confusing information was available to
the population. Thus, French TV projected a rather low key
approach to the radiological consequences whilst the German TV
tock a much ‘'greener' line. VWhen multi-channel, multi-national
satellite TV is widely avallable, this problem will be exacerbated
- hence the urgent need to come to both national and international
agreement on intervention levelas, etc.

Carter -~ Vice President of IEAL in Washington gave a detalled
presentation on US early warning systems. Finally, in this
session, the NUSS (Nuclear Safety Standards) work was reviewed.
Konetantinov said that he hoped the NUSS documents could form the
basis of a "legally binding" set of standards. This was strongly
realsted, first by Benninson and then by other countries,
indicating that the NUSS represented a minimum standard which
could be achieved by consensus so that it did not embarrass any
particular country. There was a great deal of interchange on what
conatituted safety standards or safety principles. The Swedes
wished to have numerical safety etandards set for international
use, which would be binding. Other countries took a less
stringent view. However, there is clearly going to be a good deal
¢t further discussion on this matter before the proposal of INSAG
(item 6, annex YII) on safety philoscphy is resclved.

Bafety research priorities - advanced safety designs - Chairman
Slderenkc, USOR
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From the chair 8iderenko summarised that for most countrieas with
safety related R&D programmes, the present understanding of the
cause and course of the Chernobyl accident did not give rise to
any significant new requirements to change the existing
programmes. Some change in emphasis may be called for bhut no new
phenomena had been identified needing research. Two areas in
particular demanded more attention. First, on methods to reduce
the consequences of severe accidents; second, on the man-machine
interface. Many of his comments seemed to come from his own
experience, rather than a consensus of the meeting.: Thus, he
emphasised the need to consider further waye of stopping operators
by-passing safety sytems. Other western countries would not put
this high on their list - arguing that there already exists a full
appreciation of this problem. Containment was highlighted as 1t
represented a final barrier to protect people from a severe
accident. 1In private, Harrold Denton indicated that KRC
calculations had shown that most US containments would have
survived the explosions at Chernobyl.

On advanced designs, Denton gave an overview of work in progress
in the USA. There were two kinde of activity, evolutionary and
revolutionary. The former were currently finding more favour with
US utilities as they felt the need to build from experience rather
than trust to brand new concepts and designs. The advanced PWR
and BWR designs were described as being simpler. BSimple to
design, simple to operate and more forgiving of operator_error. A

"design goal had been set of a core melt frequency of 10-% from all

causes. Other aime included a high capacity factor, a 60 year

plant 1ife and a low occupational exposure (<100 man/rem/year).

Siderenko described a smell district heating reactor almost ready
for commissioning in the USSR which had a very low power density
and was intended for aiting very close (2 km) to large urban
areas. The Swedes included an advertisement -for their secure
design - suggesting an international effort to design and build a
prototype. Thie was not taken up for further discuseion. Canada
presented detailed information on their plans for improved
automation and raised the interesting question of how auch
automatic control is appropriate? They are developing system
oriented software which can optimise operational procedures from a
given starting point -~ thus, an operator can test various options
before trying them on the plant. The natural extension to this
would be to give control to the computer to implement the
preferred option. The operator 18 then reduced to a "watch dog".
Clearly decisions concerning the amount of automatic control will
need to be examined now that the equipment and software presently
available have removed many of the systems constraints which
limited such procedures before. They also described their 'glow
poke' design for a small 2 - {0 MW plant, specifically for
unattended operation at remote places in the Canadian arctic.
Apart from the Swedish contribution, the discussions were not
related to "inherent safey" but rather covered a wide range of
safety design concepts and advances. This, perhaps indicated that
the discussions proposed by INSAG for agency activity in this area
would be of wide use and less contentious than the more selective
interpretation in terms of inherent safety only.

Finally, the queafion of safety goals was addressed by the
Chairman. In the context of severe accidents he said that there




was general agreement that the most important aree was the
limitation of socletal risks, particularly such topics as land
contamination and societal disruption. Individual risk was a
relatively simple matter as there was = clear idea of what the
hazarde were and what could be done about it.

M R Hayns
Head, Nuclear Safety

Technology Branch
SRD

6 October 1986




Programme

During the 1986 General Confarence eenior officiels of safety and
tegulatory agencies of Hember States will sset for closed informal
discussioas of policy matters of mutual interest.

The meeting will bagin with a reviev of the highlights of
iatarmational sctivities in the field of nuclear safety during 1985, The
main part of the meeting will be davoted to a discussion of ways to
strangthen internetional co—operetion in smiclear safety and rediation
protection. Tha accideat at Chernobyl hae indicsted that nuclear safety snd
radiation protection ara truly internmational issues. The post-accident
reviev meeting in August, 1986 has slready provided the possibility of &
very opan diecussion among the nuclear safety community. During these two
days of informal end closed talks st tha Ceneral Conferencs the opportunity
to further diacuse important issuves will be provided.

The aim of this meeting among senior policy mshars vill be the
further davelopment of iatsroatiossl co-oparatios.

The main isswes to ba discusesd will he:

oparetional safety

sansgensat snd respomnse to rediclogical emergencise
early warning systems

future divectioa of WSS

safety research priorities

advanced safety designe

Brief opening prasentations highlighting tha main aspects of these
issuss will be made by sslected participsnts. These openiog statemeats will
then be followed by free discussion by all participents in sttendance,

The neeting will be coucludad with an opea sessiom. ﬁch of the
previcus chaireen will prepare a brief svamary of his closed session and
give the opportunity for questioms and further discuesion from the floor.




AGENDA
THURSDAY, 1986-10-02 LOCATION
MORNING SESS1O0NS (closed) Vienna International Centre

Item 1

9.30 a.m.
= 10.30 a.m.

Meeting Rooms CO7 ¥
Muclear Safety Raview 1983

Item 2 Strengthening International Co—operation in Nuclear Safety
10.30 a.u.
- 12,30 a.m. = operational safaty
2.30 p.m. AFTERNOON SESSION (closed) Vienna International Centre
- 5,30 p.m. Meeting Room CO7 ¥
Strengthening Intermational Co-operation in Nuclear Safery
{continued)
= ssnagement and rasponse to radiclogical esergenciss
(decision waking, protective sessures, intervention levels)
= aerly varning systems
~ raview of NUSS
FEIDAY, 1986-10-03 The Ratsaal, Hofburg
9.30 a.m, MORNING SESSION (closed)
= 11.00 a.m,
Strengthening Internatioual Co-operation in Nuclear Safety
Scmtlnuedz
/.
= gafety research prioritias :
= gdvanced safety desigm
11.00 a.m. MORNING SESSION (open)
- 12.3’0 I M W
Item ) Summary and open discussion I



The intemational Atomic Energy Agency
(IAEA) shail seek to
accelerate and enlarge tha contribution
of atomic energy ta peace,
health and prosperity throughout the
world.
it shall snsure, 30 far 23 it is able,
that assistance provided by it or at its
request
or under its supervision or control
is not used in such a way as to further
any military purposs.

INTERNATIONAL ATOMIC ENERGY AGENCY
A-1400 VIENNA » WAGRAMERSTRASSE 5 » AUSTRIA

ASSET
TEAMS FOR THE ANALYSIS

OF
SAFETY-SIGNIFICANT EVENTS
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IAEA ADVISORY SERVICES

The International Atomic Energy Agency (IAEA) has a
long-standing reputation for good management of
technical expertise in nuclear safety for the benefit of
its Member States. It provides various advisory
services to Member States on request:

® sending missions composed of a small number of
experts for periods of time ranging from two or
three days to a month, or

® assigning individual experts for periods of from
about a month to as long as a year to the request-
ing country.

Such missions can be either very specific, addressing
singled-out problems arising in siting, designing,
constructing or operating a nuclear facility; or devoted
to broad tasks such as the safety review and assess-
ment required before grant of an operating licence.
Individual experts are usually requested to assist in
the resolution of specific problems.

In the past, Member States have most frequently
requested advice on such matters as:

@ organization of a regulatory body within the govern-
ment structure

@ site survey, site evaluation and related topics

¢ safety reviews required for licensing purposes

@ gvaluation techniques to be used in safety
analyses

® emergency planning and preparedness.

There were 374 power reactors in operation world-
wide at the end of 1985, and the number is rising
steadily as units which are currently under construc-
tion comae into service. Whatever the long-term impact
of the accident which occurred at Chernobyl, in the
USSR, in 1986 it was already clear that increasing
attention should be paid to matters of operational
safety.

2



ASSET: ANALYSIS OF SAFETY-SIGNIFICANT
EVENTS TEAM

Since 1982, the International Atomic Energy Agency
has been sending, on request, Operational Safety
Review Teams {OSARTS) to carry out evaluations of
the operational safety of nuclear installations. Such
evaluations have been performed successfully in
Member States such as Korea, Yugoslavia, the
Philippines, Brazil, Pakistan, France, Mexico, and
Finland; and are planned to take place in other
countries, among them Sweden, the Netherlands, the
Federal Republic of Germany and the Republic of
Korea.

However, OSART reviews may be incomplete, in that
they may not deal in sufficient detail with abnormal
safety-related events (deviations from planned operat-
ing conditions, or incidents or accidents). This may
detract from the achievement of a good understand-
ing of the condition of the plant as a whole, and
reduce the accuracy of assessments.

The prime responsibility for identifying problems, and
for taking appropriate corrective actions to improve
the operational safety of their plants, rests with the
authorities in each Member State. They identify and
analyse safety-related problems which arise at operat-
ing instaliations day by day. However, even these
analyses too frequently stop when the direct cause of
a safety-related event has been identitied; and correc-
tive actions are often limited to the improvement or
the replacement of the component (or the individual)
which failed, without taking into account the various
root causes which could explain why a latent direct
cause was not detected eariier. if analyses are to be
done efficiently, the authorities need an additional tool
to help them to evaluate more quantitatively both the
operational safety of the use of their plants for
electricity production, and the effectiveness of work

3



done to improve the feedback of operating
experience.

Human factors almost always contribute to the initia-
tion of a safety-related event. ASSET investigations
focus particularly on such factors.

Feedback from operating experience has proven
conclusively that the operational safety of a plant is
highly dependent upon the people who operate it.
Two units of the same design, but operated by
different operating organizations, couid exhibit com-
pletely different performance. Some plants may
exhibit better operational performance than others
where designed safety margins are higher, largely
because the performance of the personnel responsi-
ble for their operation is better.

The ASSET Service

The international Nuclear Safety Advisory Group
(INSAG) recommended that the IAEA should make
available specialized teams capable of performing
in-depth analyses of operational experience related to
the safety of nuclear power plants. The objective is to
enable the IAEA to reinforce its contribution to the
improvement of operational safety woridwide. The
teams will consider operational safety concerns in
general, but will focus especially on events
categorized as deviations, Iincidents and accidents:

® Deviations are events such as discrepancies or
concerns discovered as a result of the surveillance
activity carried out by the operating organization on
equipment, on personnel qualification, or on the
man-machine interface. Deviations may be precur-
sors of incidents, and lessons learned from this
kind of event are by far the most important for
preventing incidents and accidents.

® Incidents are events with consequences which
affect either the availability or safety of a plant
(such as a trip, transient, scram, unplanned
shutdown, forced outage, violation of technical
specification, or radioactive release), or the safety
of personnel (such as contamination, over-
exposure to radiation, or injury). Incidents may be
precursors of accidents.
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® Accidents are events which result in significant
damage to the piant, or to people.

An ASSET analysis may concern, for example, either
a single abnormal event which is considered to have
very important implications for safety; or the whole
record of safety-related events of lesser importance
which occur more frequently; or any other safety
Issue. Each investigation will be tailored to meet
individual needs. '

Each ASSET analysis will be undertaken at the
request of the national authority responsible for
safety. Analyses will be performed by a number of
experts who have long experience in the operation of
different types of nuclear power plant. Their missions
will last as long as is necessary, depending on the
nature of the demand, the information available and
the preparatory work that can be done in advance.

ASSET investigations may aiso be initiated at the
suggestion of Technical Commitiees associated with
the IAEA, NEA, or other regional incident Reporting
Systems, which screen and assess information about
incidents and accidents at nuclear power plants to
derive ‘“‘lessons learned’” for dissemination to
interested utilities.

ASSET OBJECTIVES

The ASSET service aims to support responsible
bodies in requesting Member States, helping to
ensure that the required safety level is maintained at
all times during nuclear power plant operation. The
ASSET team will sesk to work in close co-ordination
and co-operation with all organizations and
individuals concerned in the Member State, in order
to obtain results which are as useful as possible.



The result of each ASSET analysis will be a compre-
hensive report on the subjects ir.  .tigated, identify-
ing the direct causes of incidents or accidents and
their root causes, and underlining the generic safety
lessons learned and the appropriateness of any
corrective actions which were taken,

in this way, the national safety authority and the
operating organization will receive the information
they themselves need to evaluate the performance of
operators and equipment within the plant, insofar as
they relate to the problems which have been
investigated. They can then check easily whether
attention and resources have been oriented in such a
way as to improve the operational safety of the plant
concerned.

The ultimate goal is to assist operating organiiations
in requesting Member States in their striving for safety
in operating nuclear power plants.

How an ASSET is performed

Other organizations see their main task as
co-ordinating various national efforts in nuclear
safety, arranging for information exchange, and
organizing joint research and development projects.
With respect to regulatory matters, they usuaily
restrict themselves to giving general advice — for
example, by developing standards. The |IAEA is very
active in these areas too, but was urged to supple-
ment its activities by shifting emphasis from the
production of standards, recommendations and other
guidance material, to their implementation, using
feedback from operational experience as approprate
in the revision of the documents.

Several Member States saw a need to supplement the
routine inspection and enforcement activities of their
regulatory bodies with action programmes, such as
analyses of operational safety experience.

Comprehensive programmes in this respect have
been introduced in some countries — and expanded
after the Three Mile Island and Chernobyl
accidents — in order to contribute to the feedback of
experience in operational satety matters which the
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whole nuclear community needs if continuous
improvement is to ©  ensured.

Important elements of these endeavours have been
used in establishing the objectives and procedures of
the ASSET service.

The purpose of each ASSET mission will be defined
in agreement with the organizations requesting it, in
accordance with the needs expressed by the Member
State. It may be devoted to different types of event
investigation, always with the aim of identitying the
direct causes and the root causes and of reviewing
the appropriateness of corrective actions. For
example:

® The analysis of a safety-related accident:
analysis of an accident sequence from an
independent point of view

¢ The analysis of safety-related incidents:
analysis of the whole population of the safety
related incidents which have occurred in the past

analysis of a single incident which is considered to
be very significant for safety

® The analysis of safety-related deviations:
In the same way the technical and human implica-
tions of other safety igsues can be investigated, by:

analysing weaknesses in certain safety-related
components — active components such as pumps,
valves, and diesel generators, and passive compo-
nents such as steam generator tubes, and
safety-valves

analysing the collective radiation dose received by
the entire work force

analysing the amount of radioactivity released to
the environment when the plant is in normal opera-
tion (whether it is in the form of solids, liquids, or
gases)

Composition of the team

An ASSET investigation team comprises six experts,
recruited from IAEA in-house staff and from outside,



—

——

and carefully chosen according to their experience in
bo’ ™e operation of nuclear power plants and their
knowiedge of analysis techniques.

The external consultants may change from one team
to the other but the team manager and the in-house
members ensure continuity and uniformity in objec-
tives, analysis methodology and performance of the
ASSET. Feedback from one mission to another will
ensure further improvement in the service.

What advance information is needed?

To enable an ASSET to perform as efficiently as
possible, the regulatory body in consultation with the
operating organization must submit to the members of
the team all documents which they consider may be
useful in familiarizing themselves with the plant
whose operation is being reviewed. Obviously,
comprehensive documentation concerning the plant
itself, its licensing status, operating history and proce-
dures, instructions and so on — up-to-date, but not
necessarily too detailed — serves the purposes of the
investigation best and, therefore, is also in the interest
of the operating organization and the regulatory body.
The following list of documents, in one of the working
languages of the IAEA (English, French, Russian or
Spanish) should be considered the minimum informa-
tion required in advance:

® Plant description

® Latest annual reports

® Organization charts, identifying individuals filling
key positions

® Operating licensing conditions and technical
specification

® Most recent reports on safety-related events linked
to the subject of the investigation, such as incident
reports or deviations reports

These latter reports are carefully studied by the
experts before the mission. According to the scope of
the Member State’s request, a detailed programme of
the investigation the ASSET team plans to make at
the plant is sent in advance, so that the plant manager
can make available appropriate counterpart experts.
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Methodology of the safety events analysis

Procedures are defined in  detailed guide. The
analysis methodology consists of the following steps:

® Event review

@ Analysis of precursor elements and identification of
the direct cause

® Analysis of contributory elements and identification
of the root causes

® Selection of areas needing improvemnent

@ Suggested corrective actions

Event review

Each event review begins with the completion of a
questionnaire comprising more than 700 questions
which are oriented particularly to the human aspect.
The event review is the most essential part of the
analysis, since it enables the ASSET team to acquire
an accurate knowledge of what has occurred. The
quality of analysis depends on the care taken in
information coliection.

Analysis of precursor elements

This is conducted by establishing a “faults tree” (as
a ‘'series’’ diagram) which takes into account only the
logical sequence of the various facts which led to the
event.

Why did the event happen? This basic question must
be answered to properly identify the direct cause and
then determine the necessary preliminary improve-
ments, in the three following areas:

® equipment area
e design
o manufacturing
¢ installation

® man-machine interface area
e work control
¢ information

@ personnel area
o qualification

10



Analysis of contributory elements

This is con..clted by establishing a ‘‘weaknesses
tree’” (as a ‘‘parallel” diagram), which takes into
account only the various weaknesses which are consi-
dered to have contributed to the direct cause of the
event. A “'weight” is assigned to each contributory
root cause, in order to identify those which underlie
the initiation of the direct cause having led to the
event.

Why was this direct cause not detected earlier? Once
this question has been answered, it is possible to
determine any necessary fundamental improvements
in the following areas:

@ equipment surveillance programme
@ man-machine interface surveillance programme
® personnel qualification surveillance programme

This last step of the event analysis is certainly the
most important, because it is specific to the plant
which is being investigated.

The experts in charge of the analysis must be at the
same time knowledgeable in technical and human
aspects of the operation of nuclear power plants, and
in analysis techniques; and must feel themselves to
be completely independent of the operating organiza-
tion. This ideal situation Is often difficult to meet, but
it is necessary if an in-depth analysis is t0 be per-
formed without constraints.

Selection of areas needing improvement

Areas needing improvement may not necessarily
exhibit a one-to-one correspondence with the direct
cause and the root causes of events. To address
properly the areas needing improvement, two basic
questions have to be considered:

® How could the direct cause of an event be
eliminated?

® How could the root causes be eliminated or
mitigated?

11



Suggested corrective actions

The number of corrective actio. should not be
limited, and several solutions ate usually possible.
However, ASSET teams will aim to make four sugges-
tions for corrective action:

® One addressing the direct cause of the event; and

® three aimed at mitigating the influence of the most
important root causes in each of the following
areas: surveillance of equipment, man-machine
interface and personnel qualification.

FINAL PRODUCTS OF THE ASSET
INVESTIGATION

Analysis Report

One of the final products of an ASSET investigation
will be the analysis report. This will identify the direct
cause of the event, and its underlying root causes.
Generic aspects will be drawn from the lessons
learned in connection with operational safety.

it must be emphasised that the first draft report will
propose only sample corrective actions, unless the
IAEA is requested to make specific recommenda-
tions. This draft report will be sent by the ASSET
within 30 days of the end of the mission. The regula-
tory body and the operating organization will then
have an opportunity to comment on its conclusions.

It is expected that the operating organization will
respond to this initial report within about three
months, informing the IAEA about decisions taken
with respect to direct and root causes in order to pre-
vent a recurrence of the events.

The final analysis report will include both the conclu-
sions of the ASSET investigation, and decisions of the
operating organization.

12



The final analysic report will then be submitted
through official ch. .iels to the Member State, which
will determine the internal and externat distribution it
is to be given. The IAEA will keep the report confiden-
tial unless otherwise instructed.

Analysis techniques and training

Each national safety authority and operating
organization will be able to take advantage of such an
investigation to derive the information needed for
improving their own analysis methodology. The
opportunity to discuss the matter on a training basis
between the IAEA experts and some local profes-
sional observers can be envisaged. Such discussions
would not disturb the investigation conducted jointly
by the experts and their counterparts in the plant.

Participation in future investigations

Professionals in the Member State requesting an
investigation will be able, if trained in the JAEA
analysis methodology, to take part as experts in an
ASSET investigation requested by another country.

CONCLUSIONS

The proposed ASSET service might seem to be a
limited effort given the large number of units operat-
ing worldwide; but by concentrating the service on
those Member States that request it, assistance will
be provided where it is most effective for safety in
operation. The ASSET service could therefore be the
starting point for a greater contribution to the improve-
ment of operational safety worldwide.

13
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Present status

By the middle of 1986, the IAEA-IRS served 24 coun-
tries with nuclear power programmes, 15 taking part
directly, six through the NEA-IRS, and three through
participation in annual meetings. The IAEA-IRS data-
base comprised 250 incident reports. Additional
guidelines for reporting and evaluation, which are
being developed in co-operation with the NEA, were
expected to become available during the year. These
would expand the IAEA-IRS to include events which
do not cause incidents — such as certain equipment
failures, and operational difficulties. The Agency is
also making available specialized on-site teams to
conduct in-depth incident analyses, either in conjunc-
tion with the visits of Operational Safety Review
Teams (OSARTs) or separately; and in other ways
seeking to strengthen the IRS and related activities.
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5. Q.Emi.l_la all States to examine the gquattion of the elaboration of
draft binding safety standards for axisting and new muclear plants to be
submitted at the thirty-first regular session of the General Confasrence,
taking into mevsunt tha visws axprossed on this martar during tha firat
special session of tha Gansral Conference, especially with regard to the
desirabi)ity of the verification of tha observance of such standards by
specialized IAEA otaff:

6. the attached texts of thes Convention on Early Notification
of a Nuclear Accident and the Convantion on Assistance in the Case of &
Nuclear Accident or Radiclegical Emergancy and decides to open tha
Conventions for signature on 2§ Geptember 1906;

[
7. Hlu_gn of tha statemsnts made by several Btates as to the nesd
for the early notification of all muclear accidante with radiclogical
safety significance and of the declarstions made by sevaral States as to
their readiness to notify ales muc)ear accidents other than those
specifind in Articlea 1 of the Convention on Early Notification;

!g;gn%;g! the role antrusted to the ,IAEA in tha inplamentstion of
the Conmventions; '

9. fpbealy to all Gtates to sign and becoms party to the Conventions
as proaptly as possible; )

10. fAppenls to all signatory States for which the Conventions will not
enter into force immediately to declars, whenever possible, that thay
will provisionally apply either or both of the Conventions perding their
antey inte force for thaa; and

11, the Director General to raport to the General Confarenca
at its thirty-first regular session on tha progreess made in the
{mplementation of the present resolution.
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GENERAL CONFERENCE  oisimt: twoira

tirst special session

ACASURES TO STRLWGTHEN INICENATIONAL CO-OPERATION
IN NUCLEAR CAFETY AMD RADIOLOGICAL PROTECTION

praft vesolytion subwitted by Austris

The General Confarante.
() Awmre that nuclear activities are being carried out in a number
of Siater,

(b} Motimm the rommon interesi of all States In ensuring the safs
opnration of nuclear activitias everywhere, :

(¢) Deairing to strengthen internationa) co-operation at both the
bilateral and the multilateral level with regard to nuclear safety,
radiological protection. physisal security and environasntal
acceptability,

(d) Renlizing that close co-operation between neighbouring Gtates
is of particular importance in order to enhance sutual nuclear
safety, and

(e) re¢i the worldwide role of the IALA in the ares of
fuc inar ufhp and ridiqlogical protection,

I all Menber States to aupply. within the framswerk of
bilataral snd multilateral arrangaments betwean neighbouring States, all
necossary sslfely -leoe.t indonmuiinn and fata AR avisting and pinnne
nuclear activities; '

2.  Yrues all states to acoede to raquests from meighbouring States to
hold consultations on safety standards at existing facilities and on
plans for new activities;

3.  VYrees the Dircctor General to initiate a process of negotiations
aimed ut & muitilateral sgreemant regerding liabilities resulting from
nit 1oar acrident demeae:

4, the international community te co-nperate in ressarch
and davelicpment work on new sources of energy capable of supplesenting
and replacing technologies which might appear obsolate in the light of
nast developments:
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First spocial sessiun

NOTIHICATION OF Al Sl_ﬂ(lllﬁ NUCLEAR AMCIDINTE
Praft_coselution subsittod by the Metharlandp

The Genara) torference.

(a) Rugogniring thati m serious nuclear acridont miy have
transboundary consequences, and

(k) Yakjng Sntq account tha Convention on Larly Notificetion &Ff @
Nuclear Accident,

galls upon Membir Gtates to notify on a volunlery basis tu the
1AEA, and Lhrougyh tha LALA to othar Mowbor States, «l) nuclgar accidents
which Jond Lo an of (- nite omergency respunse,

2070y
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internations! Atomic Endrgy Agency OPALNAL Diste.

GENERAL CONFERENCE Original: EMGLIGH

Piret special session

NUCLEAR LIADRILTTY

Graft resplution submitted by the Netherlards

Ibe_Genpral Conferpgnce.

(u) Recognizing that a nuclear arcident may have serjous
transboundary consequences,

(b) Recognizing ulso the sued for jnternmlionally binding
arrangements concerning muclear liability in the avent of a muclear

accident,

(c) 'ﬁ“m jnto sccount that at pressnt internstional muclear
1labillly s yurwiiad by Gwe diffaroat intermationa! ranventions -
namely, the O[CO or Paris Nuclaar Liability Corvention and the 1ACA
or Vienna Nuclear Liability Convention,

(d) Noting that somo countries with nuclear programws are not
signatorius of any of thase convantions,

(e) ,l;gs?m_gj_? that the JAEA and OLCO are together studying the
possibility of simultaneous application of the two Conventions,

1. prage the IAEA to continue, together with OLCD, the study on the
hareonizalion of the two Conventions with renswed vigour with the
ultimate objectiva of sstabliching a common protocol)

2. 1 all Statos which have not yst done so to hecoms party to
ona pi Lthese Conventinng; and

), Govornaents upoeinll{ those nperating nutlear
facilities, to conaidar whether additional steps any be necassary in

order to arrive at adogquato international legal arrangsments toncerning
nuclear jiability.

2069y
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5. At the end of the second parmgraph under the heading “Role of
ths IAEAY, add %, with special amphasis on = intor alia = the med
for training personne] in this area and the need for the further

fnuntnrennt nf inharantly tafa dosigns nf mnentnes af newimin
tires."

6. In the I‘Ot‘ﬂl'ﬂ paragraph under the hesding “Conventions on
Notificatian and Assistanca™, raplace “ssuaral Rtates as to ths
med” by “many Statet ag to tha nead”,

7. In the same paragraph, add “in the contaxt of the Convention on
Enrly Notification” after “and of tha:declarations made".

§. In ths sams paranraph, changa “ssveral Ltates on thair
readiness® to "the nuclear-wenpon States on their resdiness®,

9. Mt -tho and of the sama paragraph, add “Texts of the
declarations sads by the nuclear-weapon States are attached.®

2088y
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international Atomic Energy Agency GENLRAL Distr.

GENERAL CONFERENCE Orfginal: EMGLISH

First special session

DRAET OF A FINAL DOCUMEN OF THE
BPFLIAL SESSION OF THE GENERAL OONFERENGF

Note by the Ujivector Gensral

The following amendmants to the draft text circulated in documont
GL(&M .T)/4 have beon proposed by Algeria and Menito:

1. In the paragraph headed "International Co~opsration", veplace
"apprals for m strengthening of” by "Resolves to strengthen®,

2. In the same paragraph, insart “and in particular betwesn
meighbouring States,” after “"the sultidatera) leve),*™.

3. 1In tha sams peragraph, add “and to develop further international
arrangoments eencarning nuelaby liability™ afier "environmental
compatibility™.

4. Under the same heading, ndd & new paregraph as follows:
* = Reguestis the Director Gereral to explore the posaibility of the

ertablishmant of an emargoncy assistance fund to help daveloping
countries in casen of muclesr accidents®.

86-0%000
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GENERAL CONFERENCE .

First special session

ORAFTY OF A FINAL DOCUMENT OF THE
SPECIAL SEBSION OF THE CEMERAL CONFERENCE

finte by the Oirsctor Gengral

Tha following amerdaent to the draft text circuletsd in document
QC(EFL.I)/74 has been proposed by Dermark, Finland, Iceland, Norway and
hweden:

dmend the first paregragh under the heading “Role of Nuclear
Energy” to reand "Recognises that for sany ftates nuclear
pouer will continue to be an iagortant source of energy for
social and sconowic development.”

20646y
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Internations! Atomic Energy Agency

GENERAL CONFERENGE ¥t

First apacialt session

DRAFT OF A FLEAL DOCUMKNT OF THX
SPECIAL SESEION OF THE GEWERAL COWFERENEGK

Peta by the Dicvector Gedecel

Tha followlng smandmonts to bhe drafé tant glreulsted in dooumant
SR{IPL.U} L Botd B0k punpnaad DY Luseabsurg!

1. Amond the peregraph undor the heading “Rasponsibility of
states” to coad "Reaffirms that sdch sountry engsged in
nuclesr energy ectivities bears the 'mmh.lllty for ita
muclesr fecilities and sgtivities, and especislly for
sugpuring their nuclesr and vedistion safety, physicel
senurity end snvironmsntsl eompativility.”

2. Under the same heading, add the following persgraph:

“ITukes note of tha statemsnts mede Dy the éelegatns of
ssversl Statas conserning the nesd Lo give furthar
sonsideration to the question of Lisbility in connection
with the *polluter pays’ peinciple.®

2054y
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=  Develepmeat of medicines, egquipment and techaiques for treatment
of vadiation picknnnas;

- Developaent of methods for traininmg persomial servieing wwelear
power plastse,

Today., mankind facer ans historis eheleow: sikhor to allow itasdf teo
slids down the path of the arma face towards the abyes of s nvelasr holocawst,
or t0 bring i1ts thinking snd ite actions ints 1linme with the realities of the
Sutlasr and spate agesn.

. The continuing srms vace, sbove all the muslear oras roso, poses &
dirost threst to the existence of menkind. Ouided by the philosephy of
fhaping & astura wnrld, the Soviet Unien adwesstss & bovsd wwusirmsilve
projraame of ection sined at ending the arms vese asd ¢t disermemmat.

A vogima for the safe dovelopment of muslesr eneryy wesld meke o
tengidle contridution to emsuring wniverssl seswrity. fweh & reglme, woeting
30 {;t:ro:u of »ll mankind, car and must be eotadlished by 4w joiat offorts

] tates.

The Soviet Unlon calls wpon all Stetes end interaationsl argsnisstiens
concornsd to co-operets in this imperesnt endsaveur, vitsl for Lhe further
developmint of hwmas ¢ivilizetion.
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Sizhth: The gquentien of 1liabllisvy Zor wetlesr liu;o oio‘niol 'y

inportant plsca in setivition woleting ¢o the internstiosa) wapuletien of
verious aspecte of muclear ‘power safety. Atteapts Dave dlrecdy besn meds Lo
draw gp Internstionel legal inskrvmests goveralug those mattors, wt 4ha 1oeve
of the materisl, moral nd politisal damage oevesd by swelsar sseldents bae

sot pet bosn wsuffielently stedled; ¢bhie has vessulied in speredie stiempie Lo

wike use of muclesr eccidents for creating tension end smistruet in relstions
betwasn States. .

It Yo emzentiel, in the event of a auclear sesldent, for Statay to
provids free sadlcel assistance, bouring sud other materisl swpport for L
populstion eoncersed. A possible mmitilatersl istermatlonsl legsl lnstrwmeat
could envisgage the llability of States for Internstional dansge In toras of
the trensboundary affects of nuslear seeidente, as well ar For meterisl, wersl
808 politianl damsge eavaed by ssvarvented action Saken under Lhs protaxt of
protection egeimet the eomsaquences of wmwslesr senidants (the spreeding of
sitrae faforsation, inteoductlion of majustiflied sestriotive messures, ets.).

b . . .. . . . e B . W v . . .

Biath: 4 relladle vegime for ths esfe dovelopment of nwslsar saeryy
will roquive offorts wot ocaly oa the part of the Statesr Lhamselves, bet also
of intecnationsl orgsnisations end {nstitations Shet oeould serve as foceld
pointe i the inplesentation of nuelear eafety msessurer. The LARA shevdd Soke
the lead im this fleld. It 10 strential e sanhenses $he vole end poteatial of
this saique fntersatiensl organigstion, Lo broadea Lha seepe of b3 ectivity,
ond to make grester mae of its sxperiance in studying vavisuz espesis of the
suclear safety prodlea, -

Spacislined Ualted Nations agensies, sweh a2 0 terld Neslth
Orgucisation, Dnited Wetions EBavircament Progresme, UNESOD and varieus ebhere,
eould make & subshantisl eoatribution t0 the vegine fur the oafe developmasi
of mucloar onergy. Wa belleve thet the UN Commiites on ke Rilests of Abemlc
Redistion showid be more setive im making She repine offisient.

. Soint co-ordinated rwesesrch and azahunge of view sm verissd metilem
esleted o the velotmeat af muclesr saswgy showld Lavelvs (he active
pertioipation of Internstions) orvganisations; Adhees mabters shonid laslede
the following!

Brrnlepmwns =i moLEeUy TOLSTEE 10 Betident prevenilien and sléss-wp
opontia-n; ' . ' _ L

=  Amalpsie of .‘uldnt.nnu'm evslintion of emergency shisebtons,
inelnding & probebility anslyasie; T b e

- -mo!mnt of vobots, machinery and eguipment %0 be weed {0
slann-up sperations;

- Bevelopusat of offestive dessntamination metbods, meshinery ond
0:::;-'1‘ t or Well as Pelisdln means for Pratecting pesplo spainst
radistion;

-
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The Agency's system for mvolesr power plast incident reporiing is o
good basle for establishiag o data bank on avelear ascidents L0 be woed by ol
avelear amargy cowatrier. It {5 desicedle thet &hin spstem be fPurlber
ohpanded and doveloped.

F.m: Jeint eleboration of o prejest or prejects rveleted o aew
soneration resctor systems based both en thormsl end fast pevtrons eovld be o
{sportent elemsnt in fosusing the offorts of seusiries almed st sseuring
auclesr plant sefety. Those projests sdudd facorpersts the sost wp-to-date
* oty technology when decliag with predleme sush as vedusing the seasitiviey
t. & resctor systsm to opsrator erver, or, is ebher worde, tekinmy iato sseount
the “hsmar factor™, reduvcing the possldility of & maltdowm, and monllorisg
hydroges foreation.

Ia organtzations]l tevms, osweh a preject or prajesty for fell-sale
reactors or ansrgy contres could be implementad withis the 1ANA I e2astly the
otma way as the intermaticnsl thormonsclear resztor preject. What is mare,
the relavant Agency working groups eould asentribels 40 thoss aativities.

Rixth: 4s 4is ksown, the delibarets destkrustion of amelesr power
9plantz, ressareh resctore sud other similer Feellitian eondd Lrigger & velesse
of radiosctive materials ond osvee radisective contaminstion of the tervals.

A1) thie ohows that, in terma of i85 offests, the destrustion of
poateful suclear plants ever with seaventivmasl weapenr would, s fast, be
tentamdunt to s suvelear attesk, {.s. 60 astisns Shat the United Natlons hes
already deseribed ar the grevest orime ageinst humesity.

The foviet Unlsa proposss thet s reliedle syebom of messures 4o provest
at_ _cka sgalnst avelesr installsbions should be dovaleped. R 10 essastilel 0
work est a relevent iptetnationsl epuvention wader whieh all BStatas wwild
sadertake sot to sttack avalesr power fesilities.

An ogually sound set of messurer should ba doviesed with vegerd ¢
necloar tarvoriem. The instences that have -dctvredd of deliberats damege 4o
tuslesr {adustrisl plents as well o0 senes of the Lheft of bighly sonsentrated
fissionadle metsriala snsnet but sanse senssrn,

Tha vradietion basard anéd high tsorxleity of sueleqr materiale maks it
Invcalive to ewsers velianie protestion of them egainst orisinel desigas. 12t
{eo soncelvable thet sush materisls, If seined, night be usad to Fodrisote seme
sort of elsmettary nuelear explesive devies fof Lhe purpeser of sabotage and
terrorism, Blacskmall and axtertion. There 1o wrgest ased s develep o
relishle ot of massures to pravant 2ay form of tuslesr Sorverimm. Yo are
redy to work tewards veaching ¢ seperata, independent agreansat o8 this loswe
and addressing thiec mittar or pert of U ovarpll offerta 40 sambet
Sstoraational terrorlim.

t BSteps must bs takes 4o enpsre Shat the OCoavesiion om Phynies)
Protaction of Nuolear NMestesriale enters {ate ferve is Sosn 40 Ppoasidls. Bhe
Soviet Union bes sigaed and retified 0 Osaveniien. Ve esll wpen ebher
Btates to pramptly fellow suit o0 that it san besoms epereticnal as o fester
promoting munlaar sefaty.

1 ¥ 4
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Rowsver, oveh the peaceful weasr of the ostom are fraught with
considersble hagerd. 7This §5 evidenced by the offects of sccidests at mwelesr
installations. fFhat i9 why tha USSR has proposed that all eomntries sdevls
work together with a visw to minimizsing any risk of s nuclesr aceldont in the.
world and to ensuring the safe development of muclear onergy.

Those tws Lasks - ensuring the safety of the pesceful wser ﬂ.ll‘l.lr.
onergy and rcldding our planet eof puclesr wespous - 811 for Ddroad
inter-stionsl co-operstion and joint efforts by all Btates, firet and feremoet

~=dl 2 Shshaw, bp datasnshinns) syganizatinas and by mblia
in esteblishing o unpnhonl:: and nl'hbh .’“h.l.l o'" l“t!ﬂ!“ﬂ"

security. This spplien equally to doth the community of astions end esch
{adividual Btete.

At pressnt there are sbhout 370 nuelesr power veetiors sporating (a the

world. By the yosr 2000 nuclaar powsr (s expected Lo sceovnt for wore thsn
J0% of the world's total emergy production. In swme cosairien muclesr nur‘_
otations girendy gussrssy wesw Llan SO oF L3 SBaiipin soowgpy poodused’ Wsd'
that 30 gears of experience iz oeperatiag. avelear pewer plants’ hevs'
convincingly proved thalr visbility, ecosomic officioncy and ecologissl sefety.

~

In recent Jesrs the goesgraphy of suelesr powsr predustios . hes ,."

oonsiderably expended. Muclesr power plants and ressireh rescters are Meing
::t}' oad operated {p the developing souatties of Asle, Latin Ameries and.
[ & T R i 1 ) -t o )

v

The tine bhas 8100 soma to epeed
theraonuclonr fuslon, potenbielly ow Insshaustible pouces of evergy.
Followiag the leitlative by the Boviat Umicn, snd with the partisipstion of
sclontiots from & sumber of Wept Burcpesn evuntrien 88 wl) as frem the
Usitod States and Japan, an interpational fwpios veector pilet prejest, baam
48 LNTOR, hos beon under way ia Viesas simes 1978. Purther doveloposat of
internstions) eo-ocperation in mwolear fusion mests the Lnterests of the
ovemdsining mainrity nf somatrias af the werld whe, givea the surrent
sitsstlion, ere vitally interested in ebtaining aev sourses of enseryy. Amd
what {5 of speciel importence, this srend has wothing o 60 with any militery
vte. Bqually significant is the fect thet thermousnclosr stergy will heve emly
s wory ollght affart om 4ha anvircameat comrered with othar smarser of
oargy. Today we ars alveady in & position to stete that bellding svad @
resstor s feasihle and that it muy take only o velstively short time to do so.

nuﬁn u;- of She stum will mika I govnlbla, &a meet over {narssging
aeeds of sankind in energy for ladustry, agrieultsre and scientific ressarsd.

At present thers s me other squivalent alternstive (s the field of
SRETEY TUSUETTEP. ar vaw oy wlawy sevr el B.ID L0 w22 theb ia dba
rosens of develeping avclear enersy menkind faeos the danger thet thia
foraidahle feorsa may ot out of contrel, .

.

up the oxpleltstion of contrelled
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Bors than 3130 nectidents with ressltent pedicsctive leskags bove been
nm‘\gnmtl |'l tlhlll'llll patns L. Ll.--..l.“.‘.’L .;...n..-. ﬁ_ﬂ -; l:llluo
accidonts 1 the n rmasy o maad Beidnle.
SEHS ¥INALLY B 3.':!.'0 '] " ."l'u!“ﬁ!.'. ‘v.xy lroﬂon and have led to jprave
consoquettas Covaing economic snd psyshelogles) damsge. Bvents of $his kind
tan affect seighbouring States o well. They show hov small, i Cees, is the
world we live lp, bow grest is the interdepeadence of BStates. The repiities
o2 the avelear and space ager muke it lmperstive for the pecpler to see
+° woelvas s0 nembers of ons fanlly o planst Rarth.

The ecotelualon that the Seviet Usieon her seme 0, follewing the
Chernobyl® accident, is olear and wnambigwous: the mmalesr power industey
shovld develop wnder gonditions wenseriag maximsm safety for pecple asd the
savironmest. The sceident har showm that wide-ranging fatersstiomal
so-oparetion aad Soint efforts ore necessery & gusrantes swclear safety v
ths broad petae of the word,

Convinced of the nesessity to taekle, withowt doley and i3 8 precticel
naaner, the task of essuriag the sefe davelopment of auslesr eaergy, the
sovist Valon wishes to propose t0 the internations] commmity of Btetes o
proaramme of ection for estadlishing aa fstarmaticesl vegimm For the safe
dovelopment Of wuclear snergy oa the basis of slose co-speretion betwees all
Btetes, This programme esvisages the creatios of & meteriel, scleatific and
technological base for the eale davelopment of wvclear onergy. sepplowentad
with interneticnsl regulations asad sjresmsnts.

H.li.l.ll It 10 necessary 4o set wp, 10 the immediete futsre, s syatem of
oerly setification of awclear eceldents or breaskdowns st puslesr power plints
. toncomitant gadiosctive dizcharges thet mey iawlve the risk of a
teansbosadery teleass. Ths ebjective of swebh & system wonld e o misiaise
the samsaqueness of sveh sccidants for other seuntries and o take tlmely
mbasyres to protect the hoalth and wafety of the pepulation, os wll o4
preperiy and the eavircamsat.

The dreft istarnations] scaveation oa sarly wetificstion of & amslear
stcidoat, worked owt st the SARA meeting, sovld lay §h0 basis for wuch ¢
systan. The Boviet Unioa is prepared to besamm y te that soavention. It
wondd strictly somply with ald {t» provisiens, ineleding those that eavisege
sobifioation of all mueclear ecssidonts, partlionierly, suilear weaposs- and

nucloar Sost-relsted accidents, and it eslls spon al)l *Aher Btater to o

dikerine.

The anteblishmsat of an intewnstional dots bank sa Pedietion background
dovels in zome agreed goeographissl aresr swuldd b an impertaat oempoasat of
that agstem, thoredy supplemsuting the oonveation. Thede dats esuld b wend
to assess the offoote of ¢ possibhle trassheosndery veleass in the ovent of o
suclear assclident. DPata enuld ba esllectad By asaticanl esabirer oud
sboeguently trensmitted to a single {sternaticnsl eentre or esstres. 4
:_:-s:u::t role i» this context esuld be played by the Vorld Betecrolegicsl

asination.
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In view of the fsct that the soope of the pretective meassres 1o
detornined by ths concentration of vadiosctive substences in the caviremmeat, -
there 12 a nead to agree wpon oecammen internations) ostenderde for
sccident=faduced concestrations of radienvelideos aad Jevels of radicsstive
contemination of the affected aves. Bueh intornsticnally sgreed stendavde end
poras conld be wsed both for the adsquate applisstien of preteciive mesrwres:
by all States as well es for the Justification of alaims for dameger in
eannottion with 4 transboundery relssse of radisastivity.

f.,mj: Sinse memy Bletes nre mot able 4o evpe with o major dseident
on their own, it is proposed to set wp o lull cso-ordinated nechonion for
providl saslatence in emergencies and accidents o0 &' semponent of the
isternationsl regime for the safe development of muslesr enerpy.

The dreft conventien on secistance in the event of & nvelesr sscident
or redlologica) emergency worked owt at the epeciand JARA mesting o! severament
aIparts tovld be an lnortnt part of thet replms. , ) _

. . ey F e I
the draftiag of intornstional nu-uhuul u i -th"olulul
prisciplan for eliminatiog the consequences of muslaar sesidents asad for

11

endrgency plannicg covld be s part of the meshanism for. ulhtm- u luu- -

i eliminsting the consequences of asoidents. - e A e
[P S I
1 Another component of Lhe hinnﬂ-n; mllo !u Lthe nfo
dovalopment of nuclear energy sovld be agresment that 813 Btates n their
nuclear sctivities sbould be guided by the rescamendations fermslated by the
IARA o the sefety of nmunlesr {sstallatisar. Thoso recommndations ooald
i ee, §n partiesler, such questions o2 the siting of o feaility, it desipa,
eonstesetion, erploitation sad desemmiscioning, sad he uuhut-ot the
vadioaciive wante. .

A Fleat step in Shat dlnctln sould be the nnuq ot L) mu-nt
batwoen Btates exportiag suclesr installations and aselesr Fwel to observe
IARA roscmmendstions en ¢he safety of suslear pewer plnu in thoir exporie.

Te rwender prastiesl apsistasss, the JARA ll.lt send, nt pegnlar
intervals and st their request, groups of competent experts om suslear ssfety
t0 Btates party to the sgreament,

t  An osssntisl olement in tha systes ‘at’ n-lmn.-uannln "
measures I3 the sellection, prosessing end szehange of i{aformetion on avelesr

plaat ucluntn. their ouul. thelr lonlmt m their omnuuu.

't T R ‘n-: 'EC R I

- ra
the IARA urknbop () ulnolu nnue umr "safety, uu ll 1ate:
Avgust, was of great importense for streagthening iaternational so-speretion:
in this fleld. The objective and detalled Infermetion previded the

Soviet Uslon eontarning the caswes, eveivtion and conseguetces the. -

Chornobyl? eseldest, o2 W1l o5 an exehange of infornsilon abewt ansldenis ond
clean-up operations in other csuntrios, make It porsidle to drav wp msjor
guidelines Por fintorastissal es-eperatisn is teshaical arrsagsments Lo onsere
the sefe develepmeat of aualear snargy.
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internations! Atomic Energy Agency OENRRAL Disbr.

GENERAL CONFERENCE origias

Originsl: BUSSIAN

‘iest spaclinl sassien

PROGRAMME FOR ESTABLISNING AB INTERNATIONAL REGINE FOR THE
SAFE DEVELOPHENT OF WUCLEAR BEEROY

Rroscsals e the VAR

I™he uwes of muclear energy ir o reslity of today. Yot msslesr pwmr
becama part of the life of mankind not throvgh crestive esdesvour, but throwgh
the desth of hundreds of thowssnds of people. The elaloter shadow of the
tragedy of Nireeshima and Nagasakl 1ies betwess the developaent by Earieo Yormi

of the first fecllity and the Picst ilnduwstirial stemic power station designed
by 1sor Durchator,

e suclear arsenale bave snow lasressed to auneh an extent that they
threstan to externisate our very lifo on Barth. ¥The time bas some Lo redlise
thet the preservation of bhwman eivilization in & metiter of eoncera o 4ll
Btates, for asclesr war will isevitably affest essh and svery wne, WAlle
thors is #tild time, it 1o lmperstive ¢o put sa ond Lo the swicidel Wwild-wp
of asolesr srms, to abandoa the peliey of catisteaphie vonfroatatiow sad
ehbsrk upos the process of genuine dissrsament.

In putting forward its prograsme for alimnissting avslear eraw omd othar
wespons of wase destruction throsghout the world, ¢he Soviet Unlon har bema
‘avided by an awarenesz of the reality of the danger threstoning wenkind. The
slose of the twentieth contury shoulé be msrked by the osmpliate oliminstioes of
holear wmapons uadar conditions of pesee A gasuima 8nd egusl sweurisy for
011 Btates ang peoples. The gecurity of (he pesplaz 08 our plomet (s
lasancaivable without an ead ty sateriel peeperations for swsleosr wer. The
Toviet Union is somvimced that the essaation of nmwelear-wespon bests can
wmeomd 8 turaniang point in sfforts te eshiove thia gosl. That is way the Usmz

maounced, and her sinos vepestedly sxtended. & uslletersl merateriom oo all
welear explesions.

182071240
-35037
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international Atomic Energy Agenoy 24 Beptember 1986
GENERAL CONFERENCE Orsginals ERGLISH

Pirst specisl] session

DRAFT RESOLUTLON ON THE PROMIBITION OF
ARMED ATTACKB DN ALL NUCLEAR INSTALLATIORS

Bubmicted by Mexice on behalf of the Geoyp of 77

The Cenersl] Contorcnce, at its specisl session,

{a) facalling 1AEA Ceneral Conferance resolution CCIXXIX)/RES/44l,
and ip particular lts oporative paragrapbs 3 and &,

(b) Awarc of the fact thst an armed attack on a nuclear installatien
could result in radicective releases with greve consequences within and
beyond tha boundsrfes of the State which has been attacked, and

(e) Convinesd of the nesd to prohibit avmed attacks on all nuclear
installations and of the urgency of concluding an intevnationa) sgrac-
ment in this regsrd,

3. Requestg the Director Coneral to convens ar an early dote »
goverrmmenta] axpert group to draft an {ntornatiensl agreament pro-
hibiting armed attacks on all nuclear tnatallstions) and

ﬁ. Further requects the Director Canersl Lo hewp Lhe Buard snd
the Concrs] Confarcnce inforwed about the progress in this regard.

R6.05048
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(f)  @epreciating the role of .the IAEA in the area of nuclesr
safaty and radiological protection and tha usefulnass of the '
Exparded Nuclear Bafety Programms contained in document

Ar (O A3335800 } il

(9) fpting that tho sharing of relevant information on nuclear
safety for supplisd facilitiss on a continuing, regular and assured
basis botwean the supplier and recipient is & spacial
responaibility of the suppliar, :

1. Yrucy the suppliar States to ensure an uninterrupted oubply of
relevant information on nuclear safety to tha recipient Btatas during
the entirg opsrational 1ife of tha ruslaar facilities supplied by then;

2. Decides to intomsify efforts by the IMEA in promoting co-operation
Betweon States, particulerly between supplisr and recipient States, on
the gnchange of relevent information on ruclear safety: and

). Requests the Director Genaral to keap the Board and the Ganeral
Confarence inforwed aboup the proargss in this regard.

o — b e - L

Cene e Weaac -
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24 feptembar 1906
Internstional Atomic Energy Agency QENCRAL Oistr.

GENERAL CONFERENCE Original: ENGLISH

First specifal seasion

DRAFT RESOLUTTON ON THE SHARING OF
NUCLEAR-BAFFTY-RELATED INFORMATION

ey ryevemphe oV 100 L1 _Mpnine sn bamnlf nf tha firnitn nt 77

1ny_venpras vonlurwine, ol _lhe AMEIA]L Restien,

{a) flecoanizing that nuclear powsr continues te be an important
gaurne of energy and is increasingly contributing to electricity

genaraxion in & number WP su..lblas,

(b) Rgcoanizing also that nuclear power has & petentially
incressing role to play for the developing countries in their
nocia) and economic davelopment,

{c) Qonvinted that Statos have the legitimate right to develop
and use nuclear snargy to seatl thefir growing anergy demands,

(d) Iakipg note of the common interest of mll States in enwuring
the safe operation of nuclear pouwer plants and othar nuclear
facilitios everyuhara,

(o) Dosfrimg to strengthen {nternationail co-operation in the

safa déolopnnt and use of nuclear snarygy,

2043y
86050472
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TEXT OF & LETTER TO THE DIRECTOR OENERAL
FROM THE RESIDENT REPRESENTATIVE OF DENMARK

1. 7 With reference to my latter of 19 Septemder 109§ to the Chairman of the
Soard of Governors, I would like formally to submit the enclosed draft as an
sssngment to tha parsgraph on "International Co-operation® in tha draft text
of a "Fina]l Document” submitted to the special session of the General
Conference by tha Board of Oovernors.

. T would like te underline that this submission does not sean that the
Oanish deleogation {s in disagreement with tha draft text from tha Soard of
Governors. It only mesns that Dermark feels that it might be in tha intersst
of several Merber States if tha urgant need for co-oparation betweon
neighbouring States tould be stressed and elaborated .in more concrets terms.

“3. In the opinion of the Danish dalegation, this might be achieved either
by amending the draft from tha Board of Govarnors or = {f this is not
convenient - by passing a special reasolution with an appeal to neighbouring
Statss on the stmangthoning of vicinity creoparation. My dalegation is
prepered to discuss these two alternatives."

mmmm.emmm.

Appaals for & strengthaning of intermational co-operation
especially between najghbouring Btates, at both the bilatersl and
the muitilateral level, including the conclusion of consultation
arrangesents for existing and planned nuclear activities with
vegard te nuclear safety, vadiclogical protection, physical
security and environmental acceptability.




panes &4 C.,
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24 Geptenbar 1906

internationa! Atomic Energy Agency GENERAL Distr.

GENERAL CONFERENCE Original( ENGLISH

Firet spacial session

DRAFT OF A FINAL DOCUMENT OF THE
SPECIAL BESSION OF THE GENMERAL CONFEREMCE

§ote by the Dirgctor General

On 24 Deptenber 1986, the Director Generel received a letter froe the
Resident Representative of Danmurk csncerning the draft of a firal docusent of
the special ssssion of the Genaral Conference attachad to documant
GC(GPL.I)/4. The text of ths letter is attached.

2042y
96-05036
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which have experienced safety-significant events will be initiasted; this will

permit the identification of sccident precursors and the earrying out of

preventive messures.

54 . The Agency will expand its activities aimed st promoting exchanger of
safety information relating to different reactor types - with a specialists®

meeting on safety aspects of pressurized-heavy-water resctors.

55. The Agency's role in the feedback and sharing of opsrational safety
sxperience will be strengthened in eco-operation with other international
bodies, the existing Incident Reporting Sytem (IRS) being sxpanded to include
a brosder range of events, the in-depth anslysis of selected events with a
view to lesarning generic lessons and & dsta base on the main safety features
of operating nuclear power plents and research resctors. Wider and more

active plrticipltionhby Member States will be encouraged.
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study will be made and & publication issved on mechanisms for managing severs
accidents st nuclear powsr plents taking intoc account national and
international activities on the subject. 1In order to facilitate the
international exchange of information from severe accident analyses, including
the latest results of the Chernobyl' accident analysis, technicsl exchanges
will be initiated on fuel behaviour research, on the modelling of reactivity
transients and their consequences and on the bshaviour of msterials under
extreme accident conditions. 1In order to draw lessons from the Chernobyl’
accident regarding source term estimates, & co-ordinated research propramme
will be initiated in 1988. |

AB. The Agency will strengthen its work in promotiog and fncilitliin; the
use of probabilistic safety sssessment (PSA), by reviewing the techniques

eveloped in Member States for the use of PSA, sssisting in the formulation of
guvidelines for its use and helping Member States to apply such guidelines in
order to enbhance safety in all nuclear power plant operating modes. 1In this
connection, the Agency will promote an exchange of ioformation on computer
codes available or being developed for the probabilistic assessment of

sccident conseguences.

Area of Activity I.3

Safe Siting, Design apnd Construction of Nucrlear Installestions
(see paras VII.A.2 (4, 7 and 12) in gection VII of INSAG's report)

T A9, The Chernobyl' sccident underliped the need to re-examine all types of
a¢cident seguences, including power excurcions, and to consider the safety
reatures necessary in order to cope with them. The accident scerarios
considered ip the safety designs of varicus resctor types will be re-examined
with & view to strengthening design features svch as control capability,
shutdown capability, fire prevention and protection, degres of auvtomstion
{(with particular emphesis on the balance between automation and direct human
action and on the pneed for esdditional operator aids in the muclear power plant
control room) and containments capable of withstanding severe accidents. This
will be done in co-operation with the Nuclear Power programme (see Table 1 in
Annsx 2).
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3¢. On the assumption that the draft Conventions will be adopted by the
General Conference at its special session and that they will enter into force
soon, the Agency plans to establish sppropriate communications and data
processing capacities and to enhance its existing response capacity by
developing an emergency response unit in order to carry out its functions
under the two Conventions. Also, the Agency will assist Member States, on

request, in esteablishing nmationsl mechanisms relating to the Conventions.

37. The first stage of implementation of the Agency‘'s plans, in 1987, will
entail the consideration of Secretariat proposals by experts from Member

States and otbher international or;nnizntioni.

3s. The Agency will develop technical guidance on the use of real-time
models able to accept actual meteorologlcsl and radiological monitoring system
ata in predicting the radiological consequences of a nuclear accident for

persons and the environment and in determining what protective measures are

necessary.

39. The Agency will examine the experience gained in sheltering and
evacuating the public after the Chernobyl‘-nccident with a view to determining
the sffectiveness of such protective measures, the problems associated with
their introduction and their applicability ac & function of time and

snvironmental econtaminatiors levels.

40. On the basis of experience gained from the Cherpobyl® nccident..the
Agency will, in collaboration with organizations such as WHO and FAO, develop
- mdditional guidance on intervention dose levels and corresponding derived
intervention levels sppropriate to reducing the stochastic risk and collective
.ose eqQuivalent commitment, especially st distances beyond the immediate ares

of accident impact.

a4l, The Agency will develop technical guidance on criteria and procedures
for radiological sampling and monitoring under emergency conditions, where the
time and accuracy requirements, the radiation environment and tbe decision-
making needs differ from those associated witbh routine radiological sampling

and monitoring.

42, The Agency will develop tecbnical guidance for the rapid reporting,
compiling and collating of large quantitjes of data sfter s nuclear accident
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programmes will be anhanced to ensure compatebility with the Agency's

recommendations in opsrational radiation protection,.

2B. The Agency will initiate & programme for avaluating the considerable
expecience gained through sccidents in the sssessment, prognosis and trestment
of non-stochastic effects in highly exposed persons - particularly the acutes
radiation syndrome and radjation-induced skio lesions. Also, guidance will be
developed for the establishment of besic therspeutic schemes and the

formulation of correct prognoses. This work will be done is co-operation
with WHO.

29. The Agency will, in collaboration with other organitations (for
example, UNSCEAE, WHO, and NEA/OECD), arrange for an exchange of experience of
past epidemiological studies with a view to determining the usefulness of
their results for the development of a methodology (including procedures for
the esteblishment of s dats base and of registers of individuals) for an

epidemiological study of the late effects in selected groups srxposed in the
Chernobyl' accident.

30. With a view to enabling physicians to give appropriate advice to
memhers of the public concerning the health con:ehuence: of accidental
radiation erposures and to provide early treatment to accidentally exposed
persons, the Agency will initiate, in collaboration with WHO, a study on what

needs to be introduced into the basic and post-graduste training of physicians.

Ares of Activity B.2

Bsdiation Protection of the General Public

{see parss VII.B.Z (1 snd 11} in section VII of INSAG's report)

31. In order to improve predictions of the consequences of accidantil
relesses of radiocactivity, the Agency will, in collaboration with WD, review
and intercalibrate models of stmospheric transport of radionuclides over short
and long distances and of radionuclide deposition on terrestrisl surfaces
(s0ils, vegotation, buildings, etc.) and establish & data base for validstion
studies on such models. In addition, it will carry out similar activities

with regard to models of the transfer of radionuclides through the torfostrinl
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Ares of Activity E.4
Butritional and Health-related Environmental Stwdies

19, If sssistance and inputs are obtained from WHO, UNSCEAER, WNO, FAO and
national bealth authorities, the Agency will initiate sctivities aimed ot
providing a set of reference methods for measuring key radioactive
contaminants in environmental ssmples (such as air, rainwater, soil and
vagetstion) and foodstuffs. 1In the first phase, advisory and consultants’
moetings will be convened to identify which type of basic sample should be
considered and which key radicsctive contaminant should be measured. Once
these substrates and analytes have been identified, current anslyticsl methods
will be compsred and assessed in the second phase of the project. Simple and
detailed guidelines will be prepsred on sampling methods, anslytical
procedures and result reporting in order to provide health and radiation
protection suthorities and relevant internstional orgenizations with reliable
and comparsble data. Lsborstory intercomparisons using certified referance
materials will be the basis for quality control. Developing Member States
will be given help in setting up environmentsl monitoring laboratories through

technical assistance projects.

H. RADIATION PROTECTION

20. The following activitieg are planned in connection with basic eriteria

for the radiation protection of the general public and workers.

21.  The Agency, together with WHO, will co-operate in sssessments - planned
by UNSCEAR - of the individual doses and the collective dose resulting from
the Chernobyl® accident. The Agency will establish & comprehensive data base
for this purpose (see Annex ¢, Table 5, B.Z and para. VII.B.1 (3) in section
V11 of INSAG's report).

22. During the post-accident period the Agency recelved numerous inguiries
from developing Member States from all regions seeking guidance on radistion
protection, and it is expected that there will be an increased demand for the

services of Redistion Protection Advisory Teams (RAPATs) in strengthening the
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the preparation (in co-operation with the Safety of Nuclear Installations
programme - see Table 6 in Annex 2) of & Safety Series document on spent fusl

managenent after a nuclear sccident.

13, The sccident also raised a problem to which little sttention bad
previously been given, namely the handling, conditioning, transportation and
storsge/disposal of fuel severely damsged during an accident. Existing spent
fuel management concepts are not adequate for such situstions. It is
therefore planned to review the current technologies, methodologies and safety
procedures and to issue a Safety Series document. This will be done ln

co—-operation with the Safety of Nuclear Installations programme (see Table &
in Annex 2).

€. RADIOACTIVE WASTE MANAGEMENT

Araas of Activity C.2

Eadioactive Waste Disposal

1a. The damsged resctor at Chernobyl' is being entombed with cement grout.
Construction of the tomd is due to be completed this month, HMost of the dats
needed for basic consideration of tbls operation (data on the design of the
entonbment system, waste characteristics, stc.) and informstior sbout
sxparience geined in constructing the tomb will be available soon, and data on
radionuclide migration in the biosphere will be available in due course. The
ttombment technologies and the radiocactive waste isolation system, including

their safety aspects, will be reviewsd.

Ares of Activity C.3
Decommisgioning of Nuclesr Installations

15. A review will ba made ©of the alternatives and spacial technologies
required for the decommissioning and isolstion of nuclear facilities after a
mejor accident, including the extansive use of remotely operated equipment.
Technical reports on techbnologies, methodologies and safety procedures will be
issued in 1989 snd 1990.
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studied in Member States. The design and the technical and economic viability
of resctor concepts with snhanced safety featurss will be reviewed at an
advisory grouvp meeting in 1987 and et three techprical committee meetings in
1988. The scope and objectives of a co-ordinated ressarch programme on the
thermal hydraulics of natural convection systems will be defined at a

consultants® meeting in 1987.

7. The status of nuclear power plant robotics will be reviewed and the

main near-term development issues defined at a specialists’ meoting in 1987.

8. An exchange of informetion on ssfety-related core psrameters such as
reactivity effects, control rod efficiency and core flux stability needs to be
established in the light of the Chernobyl®’ accident in order to facilitate
better predictions of core behaviour under normal and accident conditions.

The creation of core deta files including neutron physics and thermsl dynamics
anclyses is necessary for the modelling of reactors, for both operator
training and safety snalysis. The status of work in the field of rassctor
physics and thermel bhydraulics will be reviewed at an advisory grouvp meeting

and two subseguent specislists' meetings in 1988.

B. NUCLEAE FUEL CYCLE

Ares of Activity B.1

Resources and Supply of Uraniuw and Thorjum

9. The environmental radiation measurements performed in many countries
after the accident at Chernobyl®' showed that there it a need for reliable
jcformation on the natursl radistion enviromment. The high-gquality airborne
snd ground radicactivity surveys which have been performed in many countries
for exploration and geological purposes have produced a wealth of information
on natural radiation backgrounds due to the radionuclids content of the
esrth. With & view to the establishment, in due course, of international
standards for the collection, compilation and publication of national

radionuclide distribution datas, the Agency will arrange for a review of
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REVISED SUPPLEMENTARY NUCLEAR SAFETY AND EADIATION PROTECTION PROGEAMME

A. WUCLEAR POWER
(ses paras VII.A.2 (3, 4, 5 and 10) in section VII of INSAG's report)

Ares of Activity A.2

Technical and Economic Performance of Nuclear Power

1. The dats bank of the Agency's Fower Reactor Information System (PRIS)
has until now mainly been used in snalysing the technicsl performance of
nutlear power plants, but it could also bave other uses. A consultants’
meeting in 1%87 and an sdvisory group meeting in 1988 will consider additional
potential uses of the data bank in studying, inter alia, the probable - but
complexr - general link beiween high levels of plant performance and safety,
the benefits of quality assurance (QA) and the potential usefulness in
connection with OSART wissions of outage information ss general "prodlem
indicators™. Integrated use will be msde of PRIS and other dats banks and
sources of Information within the Agency, notably the International Wuclear
Information System (INIS), the Incident Reporting Systez (IRS) and reports on
vigits to plants. Starting in 1988, PRIS will be made accessible on-line for

Member States in response to reguests made by a bumber of them.

2. "The post-mccident review brought out the importance of tbe man-machine
interface and of simulator training, subjects to which the Intertational
Working Group (IWGC) on Nuclear Power Plant Control and Instrumertation has
been devoting ap incressing number of gpecialists’ meetings since 1982. Rarly
in 1987 the IWC will consider the implications of the post-accident review,
and a specialists’ meeting will be beld irn 1987 and ip 1988 on subjects to be
recommended by the IWC, which will also take into account the results of
anslyses carried out with the help of PRIS. At the first specislists’
meeting, in 1987, specific aspects of experience with the man-machine
interface will be sxarined with a view to promoting improvements in control

room dexign.
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regard to models of the transfer of radionuclides through the
terrestial environment and in food chains, their transfer through
surface waters (fresh water and seawater) and their transfer in urban
environments.

(12) The IAEA should promote an exchange of information on computer codes
available or being davelopad for the probabilistic assassment of
accident consequencas. o

(13) It is very important to anable physicians, such as specialists in
various fields and general practitioners, to giﬁa appropriatea advice
to members of the public concerning health.onsequances of accidental
radiation aexposure of various magnitudes and in various conditions,.
It appears an equally valid requirement that physicimns who may be
engaged in medical first aid and early traatment of accidentally
exposaed persons should possess adequate education and training.
Therefore the IAEA should initiate, in collaboration with WHO, a
study of which subjects should be introduced, and to what extent,
into tha basic and postgraduate training of physicians to assura
fulfilment of these specifiad needs and requirements.

C. GENERAL

Under the IAEA expanded programme in nuclear safety there are actions
intended to help nuclear plant operators to maintain the highest possible

safaety level, with priority given to prevention of accidaents.

Thase actions are mlready under way in the Agency programme, but

could be significantly expanded with a clear safety benafit for the
international community.

In particular, provision should be made for the IAEA to provide

spacial assistance on request, particularly in support of countries with
limited resourcaes,

g
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and tha decision—making neads differ from thosa associated with
routine radiological sampling and monitoring.

The IAEA should daevelop technical guidance for the rapid reporting,
compiling and collating of large guantities of data after a nuclaear
accident (including envircnmental contamination data and
meteorclogical data) to be used a® input for radiclogical assessmants,.
The IAEA should develop criteria for re-entry into facilities
affacted by nuclear accidents and into off-site areas and gquidelinas
for raecovery oparations. : :

Tha IAEA should davalop, in the light of the Chernobyl mccident,
technical guidance (criteria and spacifications) for clothing which
will protect against vaery high levels of airborne beta contamination.
The IAEA should develop technical guidance on assessments of the
large-scale contamination of people (external and interral
contamination), equipment, facilities, premises, ground, water and
air after & nuclear accident with a vigu to determining the scale of
decontamination operations needed, and on radiation protaction of the
paersonnel carrying out such assaessments.

The IAEA should develop technical guidance on radiation protection
aspects of the decontamination of a nuclear power plant and large
argas of surrounding land after a nuclear accident.

The IAEA should formulate practical guidance for responding to
releases of radiocactive material into the national environment which
originate outside national boundaries but nevertheless requira
measures to ba taken for the protection of the public.

The IAEA should develop technical guidance on the use of real-time
modals able to accept actual mateorological and radioclogical
wmonitoring system data in predictimg the radiological conseaquences of
a nuclear accident for persons and the environment and in determining
what protactive measures are necessary.

In order to improve predictions of the consequences of accidental
raleases of radioactivity, tha IAEA should, in collaboratiorn with
WMO, review and intercalibrate models of atmospheric transport of
radionuclides over short and long distances and of radionuclide
deposition on terrestrial surfaces (soils, vegetation, buildings,
atc.) and astablish a database for validation studies on such
models. In addition, it should carry out similar activitiaes with
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epidemiological studies with a view to determining the usefulness of
their results for the development of a methodolegy (including
procedures for the establishment of a database and of registers of
individuals) for an epidemiological study of the late effects in
salected groups exposed in the Chernobyl accident.

The IAEA should, together with other international organizations,
co—oparate in the asseasment of tha individual doses and the
collective dose resulting from the accident, planned by UNSCEAR as a
part of its continuing assassment of the impact of all radiation
sources. _ _ _

The IAEA should axamine the experience gained in sheltering and
evacuating tha public after the Chaernobyl accident with a view to
determining the effectiveness of such protective measures, the
problams associated with their introduction and their applicability

as a function of time and environmental contamination levals.

FURTHER IAEA AND OTHER INTERNATIONAL ACTIVITIES

Given the fact that the lack of internationally recommendad values
for the dose paer unit intake (by inhalation or ingastion) of
radionuclides as a function of the age of the individual and as a
function of the physico-chemical forms of radionuclides fourd in tha
environment was a problem encountered in many countries in assessing
the consaquances of tha Chernobyl accident, the IAEA should promote
the establishment of agreed values - initially for the most relevant
radionuclidaes.

On the basis of experienca gained from tha Chernobyl accident, the
IAEA should, in collaboration with organizations such as WHO and FAO,
develop additional quidance on intarvention dose levels and
corresponding derived intervention lavels appropriate to reducing the
stochastic risk and collective dose equivalent commitment, especially
at distances beyond the immediate area of accidaent impact.

The IAEA should develop technical guidance on criteria and procedures
for radiological sampling and monitoring under emergency conditions,
where the tima and accuracy requirements, the radiation environment

—
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information provided to the IRS should be analysed mere extensivaly

with & view to learning lessons which can ba made available to Member
States. '

The IAEA should organize a EBﬁ?erane on 'The Interaction between
Reactor Design and the Oparator', with particular emphasis on dasign
featuras which can assist operators in carrying out thair safety
raesponsibilities and which provide automatic protective action when
oparator actions put the plant into a potentially unsafe state.
Membar States, through the activities of regulatory authorities,
should arrange for reviewing procedures for the safe operation of
nuclear power plant during non-routine tests. This procedure also
should be included in thae NUSS programme,
The IAEA should organize a symposium on fire protection covering:
{a) The devalopment of the scientific and technical bases for firae
prevention and fire-fighting techniques, account being taken of

severa conditions such as high temperatures and of the nuclear
materials present;

(b) ' Improvemants in fire prevention and fire-fighting equipment for
nuclear powar plants.

It is axpected that the results of the symposium would serve as input

in daveloping possible new standards for fire prevention and

fire-fighting (see point 7).

RADIATION PROTECTION

FOLLOW-UP ACTIVITIES

The TAEA should take the lead in evaluating the considarable
exparience gained through accidents in the assassmant, prognosis and
treatment of non—stochastic effects in highly exposed persons -
particularly acute radiation syndrome and radiation—induced skin
lesions. Also, guidance should be developaed for thae establishment of
basic theripeutic schemos and the formulation of correct prognoses.
The IAEA should, in collaboration with other intarnational
organizations, arrange for an exchange of aexperiance of past
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The IAEA should devote special effort to promoting exchanges of
experience, developing additional guidalines - in particular relating
to the prevention of severe accidents ~ and giving assistance in the
field of operator qualification, education and training so as to
create a 'safety culture' in nuclear power plant operation. The
feasibility of voluntary international accreditation of operator
training programmes should be considered.

The IAEA should increase its efforts to promote exchanges of
anperience concerning the man-machine interface, with particular
emphasis on the balance between automation and direct human action
and on the need for additional operator aids in the nuclear power
plant control room. Exchangas should include, in particular, the
experience ;f nuclear powar plant operators, and the IAEA should
co—operate with international organizations representing such
operators,

The IAEA should organize a programme of work including an
international topical meeting on 'Quality Assurance Activities in
Nuclear Power Plant Operation' with particular emphasis on control
room procedures, The topic includes detailed prescription of
procedures, required verification, shift turnover, confirmation of
follow-up actions and notifications to proper authorities.

The éecretariat should provide INSAG with the support necessary to
formulate in a self-supporting document the basic safety principles
for existing and future reactor types, with special attention given
to those principles which emerge from post-accident analyses. Thase
principles should be common to all reactor types, even if some
accommodation to specific deslgn concepts is needed.’

Existing internationml standards (NUSS) should be reviewed in order
to ensure the incorporation of the lessons learned from accidents
regarding important matters such as reactivity—initiated accidents
and fire prevention and fire-fighting,

Member States may consider strengthening thelr co—operation with the
IAEA through the voluntary invitation of OSART missions and the
provision of experts for such missions. The IAEA should enhance its
capability to provide OSART services,

The IAEA's Incidant Reporting System (IRS) should be uparaded and
axpanded so as to broadan the information input base, and the

e LR SIS W AT,
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Section VII

RECOMMENDATIONS

A. NUCLEAR SAFETY

1. FOLLOW-UP ACTIVITIES

-Evaluation and analysis of the complex physical and chemical
phenomana of the Chernobyl accident sequence and consequences are in their
early stages. Further work iz necessary in order to allow a more consistent
eavaluation of the simulation of the accident. The IAEA should promota
international co—opaeration to achiaeve this objective. It should make the
necessary arrangaements to do so. It should disseminate the corrasponding
technical information and facilitate the intarchange of analytical methods
and the results of the analyses. INSAG wishes to be kept informed of the
pro~rass of thase activitiaes.

2, FURTHER iﬂEA AND OTHER INTERNATIONAL ACTIVITIES

(1) The IAEA should promote and, whara appropriatae, co¥ord1n$to analysas
of severe accidants for all reactor types and facilitate the flow of
the necessary information. .

(2) - Tha IAEA should strengthen its work in promoting, assisting and
facilitating the use of probabilistic safaty assessment (PSA), by
reviewing the techniques developed in Mambar States for tha use of
PSA, assisting in the formulation of guidelines for its use and
helping Member States to apply such guidelines in order to enhance
safety in all nuclear power plant oparating modes.
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Document List for IAEA Scientific Program Session on Operational
Sa?etx

1. "Safety Research Priorities", Birkhofer

2. "Swiss Response to the Radiological Emergency 'Chernobyl'", S
Pretre.

3. "Informe-Resumen Sobre el Impacto En Espana Del Accidente De
La C N Chernobyl", E Gonzalez.

4. "Radiation Exposure and Measures: Reactor Accident at
Chernobyl", O Paakkola

5. "Initial Impact of Chernobyl Accident upon the Finnish
Nuclear Safety Programme®™, A Vuorinen.

6. "Consequences in Sweden of the Chernobyl Accident", J Snihs.

7. "Early Waerning Systems for United States Commercial Nuclear
Power Plants".

8. "Management of and Response to 2 Radiological Emergency", J H
Aitken.

g. "Candu Safety R&D Program", G L Brooks.

10. "EPRI - ALWR Requirements Document", Denton.



Annex 2.

List of papers presented to the IAEA General Conference
"Scientific Afternoon", Vienna, | October 1986

1. "The Cost and Financing of the Decommissioning of Nuclear
Power Plants, H J Thexton, OECD/NEA.

2. "The Recovery of a Nuclear Power Plant from an Unplanned
Event; the Three Milse Island Experience", D J McGoff, USDOE.

3. "Safety and Regulatory Aspects of Decommissioning", P Luykx,
CEC.

4. "An Overview of Past, Present and Puture Activities Relevant
to Decommissioning including Unplanned Events", J M Liederman,
IAEA, Vienna.

5. "Dismantling and Decontamination of Metal and Concrete
Structures”, A Cregut, CEA.

6. "The Characterisation and Decontamination of Large
Contaminated Areas", M A Feraday, IAEA, Vienna.

T "Decommissioning and Decontamination of Nuclear Pacilities
for Normal and Unplanned Situations™, L V Konstantinov, IAEA,
Vienna.

8. "The Methodology and Technology of Decommissioning", E G
Delaney, USDoE, Washington.
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ANNEX

Tenatative Agenda for the Scientific Programme for Safety
during the General Conference

THURSDAY, 1986=10-02

MORNING SESSIONS

Item 1 Nuclear Safety Review 1985
9.30 a.o.
- 10.30 a.m.
Item 2 Strengthening International Co~gperation in Nuclear Safety
10.30 a.m,
= 12.30 a.a. - oparational safety (e.g. IES and OSART)
2.3 p.m. AFTERNOON SESSION
- 5,30 p.m.
Strengthening International Co-operation in Huclear Safety
{continued)
- management and response to radiological emergencias
{dacision making, protective maasures, intarvention levela)
= garly warning systems
- raviaw of NUSS
FRIDAY, 1986-10-03
9.30 a,m. HORNIRG SESSIONS
- 1i.00 a.m.
Strangtheni International Co-—operation in Nuclear Safety
{cont inued)
~ safety ressearch priorities
~ sdvanced safety designe
11.00 a.m, MORNING OPEN EESSION
- 12.30 a.m,

Item 3

Eunnary and open discussion



room design. This was also a relatively small reactor of between
A00 and 600 MW. The power density would be 30% below current
values and the number of components in the systems would =lso be
reduced.

In describing some of the more revolutionary designs, he mentioned
the high temperature reactor, the prism design for a pool-type
IMFBR and the SAFR design which is of a loop type.

Brook of Canada then described some of the advanced design
concepts being studied in Canada. Much of this was concerned with
advanced designs for operator aids including an evolutionary
design from their existing experience which they claimed had given
them the lead in the use of computer systems in reactor control.

A computer system will be devised to analyse trends in computer
operations and will provide the operator with a continuous update
on information on these trends so as to give early warning if the
operational parameters seem to be heading towards difficulties.
They would also develop a means whereby various options for action
could be tested on & computer before actually performing it on the
reactor. He made the interesting comment that with the systems
they envisaged, the machine could actually take over total control
of the reactor with the operator just monitoring what goes on. He
said this had raised some difficult philosophical problems on how
far to go in having software control complex machines like
reactors.

He then described the development of a Canadian reactor called
Slow Poke which was being developed for use in remote areas in
Northern Canada. This was a very small reector of between 2 and
10 MW which would be able to operate completely unattended and
provide heat and electricity in very remote spots.

Because of pressure on time there was very little discussion after
this session and the closed part of the meeting was drawn a
conclusien.

The open session of the meeting

Following the 1+ days spent in closed session, the meeting was
thrown open to other attendees of the general conference, the
public and the media. Not a great number of non-participants
appeared to take part in this open session. The format of the
open session was that each of the Chairmen summarised their :
session and Rosen and Konstantinov wound up.

15



a design, they made maximum use of what he called "internal
devices' for safety and passive means. The design had been
simplified to the meximum possible extent as had the power density
in the core. The latter point he sald was crucial to providing
more forgiving reactors. He said that because of the low
potential temperature levels, this reactor could not be used for
the generation of electricity but he felt that their experience in
designing this reactor would make a good basis when exchanging
ideas in this area. He said that the risk to the public from
these reactors was some 3 - 4 orders of magnitude less than the
usual Soviet power reactors. He said that the prototype of this
design was virtually complete and they expected commissioning next
year.

Earold Denton of the USNRC then gave a summary of the situation on
advanced reactor designs in the United States. He eaid there
would be some 120 plants in operation in the United States in the
next few years and their prime task was devoted to running them
safely. However, they had spent some effort in considering
advenced designs. As an aside Denton said that they had recently
licensed their 10{st plant in the US at Clinton in Southern
Illinois but this statement implies thet ancther 19 plants or so
will be licensed by the NRC in the next few years.

He said there were 2 categories of advanced reactor design, they
were:

1. Evolutionary
2. Revolutionary

He said that the evolutionary concept was currently favoured by US
utilities who felt more comfortable with the idea of moving on
from familiar territory rather than starting again with untried
systems that would need development. The basic principles being
followed for the evolutionary designs of both PWRs and BWRs was to
make them simpler. That is, simpler to design, build and more
forgiving of operator error. The design goales for these reactors
include ghe requirement that the core melt frequency is no greater
than 1077/reactor year from all causes. They should have a high
capacity factor and a 60 year plant life. The occupational
exposure targets should be less than 100 man rem per reactor year.
He then described briefly the progress towards the Westinghouse
advanced PWR ~ an eveolutionary design which had a lower power
density, a larger pressure vessel and a much larger inventory of
water in the primary circuit. He said that in this design there
was no need for boron injection and that there would be 2 diverse
auxiliery feedwater systems. ¥Furthermore, the pump seals will be
provided with theilr own dedicated cooling water systems. These
items seem very familiar feollowing the Sizewell B exercise where
the latter were identified as being of speciel importance. An
interesting feature was the passive capacity to flood the core.
Thus, even in the largest pipe break the core would not be
uncovered.

Be also described an advanced BWR which had internal circulating
pumps, better control rod systems and a better ergonomic control

14



passing of safety meamsures in the control systems of reactors. He
said that such a risk had not been fully thought out. This, I
thought indicated a very Russian view of the situation and would
not necesgsarily be shared by everyone in the West.

Profeasor Birkhoffer then related some of the safety R&D
priorities of the FDR programme. He said that the TMI accident
had had a very strong effect on safety research programmes and he
did not see any major changes needed following from Chernobyl. He
did believe that there was a need to see whether our systems had
sufficient failure tolerance. But the whole area of accident
management for controlling severe accidents was one that he
suggested the Germans would be very active in in the near future.
He indicated that they were planning to build a simulator to test
procedures more effectively so that operational groundrules could
be established for managing severe accidents. Other points that
he raised as being particularly important were the need for more
work on the problem of plant ageing, the development of loose part
monitoring systems and further automation of control systems.

The remainder of the time on this topic was taken up with remarks
concerning safety goals rather than safety priorities and this was
highlighted first by Vorinen from Finland who said that the first
requirement was to establish targets which society was willing to
accept and then set the priorities on safety research once these

. &oals are known. Beninson of Argentina indicated that the ICRP
are gsetting goals on risk and this could form the basis of nuclear
safety targets too. There clearly seems to be a requirement for
the interface between the radiological protection community and
nuclear safety people to be better defined as this is the same
problem that arose during the earlier meeting under the Agency
auspices in February between the RP and nuclear safety people.

The Swiss made a strong point that from their point of view when
setting safety targets the area of land contaminated is more
important than the number of deaths. This he said came from the
particular culture of a small country where a very high value
indeed is placed on land and this provides a quite different
perspective as to which attributes are important when trying to
assess risk.

The second part of the session was devoted to advanced safety
designs. Introducing this session, Siderenko argued that the
future development of nuclear power would require demonstration:
that enhanced safety levels had been achieved. However, it was
important for safety requirements not to contradiet economics. He
then described some Soviet work in this area going back to 1976
when energy sources for new uses were discussed. He explained
that in Russia heat supply for domestic and industrial heating was
‘more important than electricity because of their very severe
winters. Purther, because of the large distances involved in
transporting hydrocarbons, the problem was particularly
exacerbated. Hence, there was a strong need for means for
district heating. They have designed a reactor specifically for
this purpose which is safe enough in their terms to permit siting
very close to major urban conurbations. 1In order to provide such

13



4. Safety Research Priorities and Advanced Designs

The third session was concerned with safety research priorities
and advanced designs for reactors. It was chaired by Siderenko of
the Soviet State Committee for the safe operation of nuclear
plant.

In his opening statement Siderenko suggested that for most
countries with a significant safety R&D programme, there was no
basis for changing our attitude or programme following the
Chernobyl accident. He said that the on-going programmes should
be seen as essentially correct with no need for radical review.
No new phenomena had been exposed by the Chernobyl accident which
would require significant research activity. However, there were
several aspects of the accident and the existing R&D programmes
which indicated that some change of emphasis might be reguired.
His comments of course were based upon his Russian background and
this perhaps offers some insight into the priorities of their own
safety R&D programme. The points that he particularly raised
requiring further work were:

1. The formation of Hydrogen and its combustion

2. Mechanical damage and how it occurs in severe accident
scenarios

3. The development of diagnostic technigues

4. The development of quantitative methods for safety
assessment, including probabilistic safety assessment

5. The development of what he called thé risk concept

This was not a full 1list but clearly represented, in the Soviets
mind, the first items that come to light which they felt needed
attention. 1In trying to express how priorities for safety
research could be set he asked the question, what are the criteria
againat which safety R&D should be judged? He then invoked a
paper from Professor Farmer dating back to a 1973 symposium, which
discussed permissible levels of risk, both individual and
societal. In the paper he produced suggestions for limiting
figures. The Soviet interpretation of the paper was that ip the
sicietal risk area, a limiting figure of something like 10™-/ - 10
% for a major accident per reactor per year was the borderline
between an acceptable nuclear power industry and an unacceptable
one., Siderenko then went on to say that with 4000 reactor years
behind us, the acceptable levels of risk were very near the levels
that had been put forward by Farmer in 1973. Because of this we
cannot admit the possibility of another accident like this in the
near future and the criteria for safety R&D must be to ensure that
non such can occur. He then identified two trends for priority
items.

1. The study of the cause and course of major accidents and how
to reduce their consequences.

2. A study of the interaction between man and machine. On the
latter he emphasised the need to study the means of control for
complex machines and how to neutralise mistakes made by man. He
further said that there was a strong need to eliminate the by-
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meeting in June had indicated the need to set up a working group
to further safety standards and that a re-examination of the NUSS
gystem with a view to implementing lessons learned from Chernobyl
was justified. Particularly they were interested to know whether
the NUSS documents could be transferred into some minimum safety
standards. There was a suggestion that the proposals in annex 7
of the INSAG document, particularly those for a self-supporting
document describing safety principles and those concerning the use
of the NUSS in establishing the lessons to be learned, could be a
useful starting point for discussions in this area. The INSAG
document was considered to be extremely valuable as forming a
basis and providing some of the nomenclature for further
discussions concerning safety principles and the establishment of
safety targets.

The mood of the meeting was well caught I thought by Beninson who,
having been so adamant concerning the inapplicability of the NUSS
to international regulation, said that it was absolutely essential
to find a compromise between the political requirements and
reasonableness. There was a need for a coherent safety
philosophy. Existing safety philosophies were not homogeneous and
it was important to put effort in to make them so. He indicated
that the original idea of the INSAG group was to do what ICRP have
done in the area of radiological protection and that is to evolve
a homogeneous set of standards which can then be used by all
countries but taking into account national needs and
organisational practices. The ICRP does not give regulations,
they give guidance. The idea is that national bodies can then use
this guidance in setting their own regulations. This has been
remarkably successful and the majority of countries adopt the ICRP
guidelines for their own national regulatory requirements. This
was the aim for the new work in homogenising nuclear safety
standards.

There was much support for this view and the discussion was
finally summarised by Rosen and he used the analogy of standards
which had been achieved in other spheres which could give some
guidelines as to how it may be achieved in nuclear safety. He
referred to the operation of international airlines, marine
transport and the post office, as having trans-boundary
implications. He also said that closer to home the agencies
guidelines for transport of radioactive materials and the
requirements on transport flasks had been widely taken up by a
number of countries and implemented in their own regulations. His
point was that international standards could be laid down but they
always had to be implemented by national governments. There
seemed to be, at this point, a difference in semantic
interpretation on what was meant by a binding standard and
regulation. Clearly, one of the first activities of any group set
up in this area will be to establish an understanding of just what
is meant by international regulation and standards and if it can
be established that the practices evolved in some of these other
spheres are relevant to nuclear safety then my view is that there
is a good chance that internationalisation of nuclear safety and
homogenization of standards is a real possibility.

1



3. Design
4. Operation
5. Quality assurance

Some 60 documents have now been produced over a period of 10 years
wvhich represent & major source of information on safety standards.
Furthermore, these documents represent the consensus of all the
countries that were involved in their preparation. This was
ensured through the operation of SAG (Senior Advisory Group). The
requirement to get consensus made for a very lengthy process
producing these documents, 4-5 years was not unusual in order to
get agreement. The SAG held its final meeting in 1985 and came to
the conclusion that there was no need for any substantial reviasion
of the documents at that time but that future developments of the
technology may mean that some revisions are necessary. They set
up the NUSSAG group which was intended to oversee any
implementation and revision of the RUSS documents. Some countries
use the NUSS outright in thelir regulatory processes whereas others
take them purely on an advisory basis. For exemple, Italy and
Argentina have adopted the quality assurance procedures lock,
stock and barrel and Pakistan for nuclear regulation. There is no
requirement of course that these dccuments have to be included in
any national regulatory proceas.

Konstantinov summarised the situation concerning NUSS and
essentially made the proposal that these documents form the basis
of a binding requirement on countries for & minimum set of nuclear
safety standards. This proposal caused a great deal of
interesting and heart searching discussion amongst the delegates
concerning the question of whether there should be binding
international standards. This may be summarised by saying that
there are two differing and apparently irreconcilable requirements
in this area. The first as expressed very eloquently by Beninson
from Argentina, no country can be expected to give up its
sovereign right to determine the safety standards which it would
require of its own plant. He said that it was inconceivable that
a national authority would take the NUSS as en international
standard. He said that the NUSS represented a minimum so far as
safety requirements were concerned and that certainly his country
would never consider these to be adequate as & means of regulating
safety. However, the opposite view was put by the Federal
Republic of Germany. Here, Ragod from the FRG said that whilst
for the professionals the idea of international safety standards
might be very difficult, from their political standpoint it was
absolutely vital that the public saw that there was an
internationally accepted level of safety standards to which all
plant were designed. Furthermore, it wes important that that
level be the highest level possible. He did say that a consensus
meant that that represented the minimum standards but of course a
politician would actually express that as the highest level
possible. This difficulty between the technical requirements for
standards and the need to demonstrate public acceptability was not
resolved of course at this meeting. But the discussion at this
level at least indicated that 211 facets of the problem were well
understood and thet there was a will to make progress in this very
difficult area. It was pointed out that the Board of Governors
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the decision meking process involved those first early decisions
during the acute phase of a serious accident. He was very firm in
indicating that the moat important requirements were for
considerable thought to be given to specific intervention levels
which must be set up before an accident occurs. This is so that
the people involved on the spot in dealing with the acute phase of
a very serious accident have specific guidelines laid down for
them which then they can implement immedimstely. Coming through
his presentation seemed to be a story that they hed had difficulty
themselves in knowing what to do because no-one had seriously
thought about what sorts of radiation dose levels should form the
basis for extremely serious and wide-ranging intervention
activities. It is extremely important to recognise that the
intervention levels have to be geared to the practicability of the
measures and other risks involved. Thus, if intervention at a
very low dose level is easy to implement and involves no risk to
people then that intervention can be taken at a very low dose
level indeed. Examples of this would be issuing iodine tablets or
interdicting particular items of food. However, at some point
very serious intervention mey be called for, for example, mass
evacuetion or the banning of very large amounts of agricultural
food stuffs. In that case, the level at which intervention would
be instigated would be higher than if there were little risk in
the implementation of the intervention levels. This was a point
taken up again by Beninson who said that there should never hbe =

. reference to intervention levels without the practicability of
those levels being implemented and being stated at the same time.

An interesting presentation on the environmental impact of the
Chernobyl accident on Poland was given and the data was made
available in the information for the meeting. In this discussion
it was interesting to note that whilst the countermeasures put
into place in Poland only reduced doses by dbout a factor of 1.5
in adults and were therefore questionable, reductiona of about 4+
times in dose to children and infants were indicated and this was
felt to he a very worthwhile reduction as a result of
countermeasures introduced in that country.

Carter from IEAL, USA then gave a presentation on early warning
systems for accidents at nuclear power plants. Thies was a very
professional presentation giving the background to the siren and
tone alarm systems being implemented for all US nuclear power
statione. Again all the information is availeble on overheads
which were handed out at the meeting. A number of NUREG documents
referenced in thet material indicate the basic requirements for
emergency planning and particularly for local implementation in
the US. These include the establishment of the 10 mile zone for
warning and the design objectives of the early warning systems.

Review of the NUSS

The NUSS (Nuclear Safety Standards) was established in 1974. The
aim was to provide an integrated set of standards for:

1. Government organisation
2. Siting



were exceeded. Quite a bit of the discussion was based upon how
to interpret upper and lower levels for intervention but one of
the talks later brought this into sharper focus.

The discussions on this general topic of administrative response
to radiological emergencies centred around interpretation of of
ICRP limite and the need for emergency plans. The latter was the
subject of a separate discussion later. There was a suggestion
that the Agency could host an exchange of information on local
rlanning activities so that a beneficial exchange of views could
be held. There was much discussion concerning difficulties in
evacuating people, particularly from rural areas where there were
quite different aspects and the psychology of evacuation other
than in urban areas. 1In fact it was suggested that it was
essential that plane were laid to evacuate animals as well as
people from rural communities. A further point of discussion was
how essential the response of the media was in defining the public
response to accidents. This may not be important in the acute
phase of evacuation or emergency intervention close in to a plant,
but would certainly be important in the long term or long range
implementation of intervention levels on milk or other foodstuffs
for example.

A presentation was made by Harry Aitkin of Canada who advises the
Government of Ontario on matters related to radiological
protection. This was a rather pedantic and long winded lecture,
the overheads of which are available. He tried to advertise the
use of decision theory in applications to emergency planning but I
suspect had not been properly briefed on his audience and was
pretty well torn apart, particularly by Beninson who proceeded to
instruct him on what the ICRP had done on these topics over a
large number of years.

A very interesting presentation was made by Vorinen from Finland
in which he described intervention level discussion within the
Scandanavian countries which had taken place at a convention in
Reykajavik in Iceland and which had led to consistent intervention
levels being leid down for the Scandanavian countries. This
again, 1s available on overheads referred to in the annex. His
presentation was augmented by that from the delegate from Sweden
who then indicated the consequences to Sweden from the Chernobyl
release. He indicated that the total collective dose in Sweden
was estimated to be approximately 3000 mSv with the most exposed
group receiving a few mSv. He did indicate the particular
difficulties in the Laps where their consumption of reindeer meat
was so0 high that if nothing had been done their dose could have
gone up to tens of mSv per year, hence the need to ban reindeer
meat. He said that confusion in peoples minds had been introduced
by having different action levels in different countries and the
fact that an interdiction level had often been interpreted as an
absolute level and this had led to worry when people failed to
understand this. He called for more education for the public so
that they could understand the position being taken by local
authorities when it came to interdicting foodstuffs.

Siderenko indicated that the most difficult and important part of
8



trips led to failures of equipment in addition to the trip and
that this was something that required further consideration by
utilities.

The final discussions included a suggestion from Sweden that since
they had agreed to an Osart mission to the Baresebeck plant in
September, would it not be possible to extend the concept of Osart
missions to include regulatory authorities. This proposal was not
followed up by any other delegates at the meeting at the time and
it will be interesting to see whether the secretariat include this
in their reporting of this meeting. ¥Finally, Konstantinov
advertised the fact that a large conference on the man-machine
interface had been arranged by the agency to be held in Japan in
1988 and this would form an important aspect of the agency's
programme in this particular aspect of operational safety.

3. Radiological matters and emergency planning

This session was chaired by Danyich from Budapest. In his
introductory remarks his mein point was that the public were not
interested in the intricacies of the accident itself, why it
happened and what went on in the reactor, they were more concerned
with what to do in the case of emergency. Experience had not been
good in that in many countries there had been confusion and
conflicting advice to the public. He said that he thought that
this aspect of reactor accidents was the most important.

The first formal presentation in this session was by Pretre from
Switzerland. He described the Swiss response to the Chernobyl
radiological emergency and in a very comprehensive series of
overheads he showed the breakdown of Swiss arrangements to deal
with such eventualities. They have 9 laboratories which were
brought into play and did some 10000 - 15000 samples during the
period April - June. They have a series of automatic continuous
air measuring systems around the borders of Switzerland and also
close to their nuclear power plants. The dose rates in
Switzerland lay in the range 20 - 180 _uR/hr and their problem
really was what action they should take. This was described quite
extensively on overheads which were made available and are
included in the list in the annex. He indicated that the maximum
doses in the Swiss population were between |1 and 2 mSv whilst the
averages doses were of the order of 0.15 m8v. The latter being
equivalent t¢ approximately 1 medical X-ray. He made an
interesting comment at the end of his presentation and that was
that Switzerland, being surrounded by several other countries, was
inundated by information coming from outside media sources,
particularly foreign television stations. He said that they
received very conflicting information from this source where, for
example, in France the whole thing was played down whereas in
Germany and Austria minute details of information concerning the
effects of radiation on people were presented night after night.
The speaker made quite a strong attack on the ALARA principle
since this he believed was not understood by the public and it was
very difficult indeed to explain that intervention levels were
there for administrative reasons and not because there was a
serious risk of deleterious health effects if the minimum values
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systems currently in operation should aim at the third level where
general trends could be identified and this might be particularly
important when it came to human intervention and operator actions.
The transportability of experience was the basic topic of this
presentation and forms really the heart of the possibility and
practicality of any IRS system set up for the pooling of
international experience in reactor operations.

Professor Birkhoffer from GRS then presented reflections on
operational experience and indicated that a whole range of
incidents and reports had led to specific design changes and
operational practices on plant in Germany. To implement further
work he said that the Federal Government had ordered a review from
all operators to ensure that plants meet the required safety
levels and particularly that any modifications which had been made
to the plant since they were constructed, had been adequately
congldered so far as safety implications were concerned.

Several further interventions and discuesions then took place,
emphasising the basic requirements of operational safety,
supporting Cogne's contention that understanding was more
important than strict regulation and that the overall safety
culture was really vital in ensuring the safe operation of nuclear
plant.

Voregnen from Finland introduced a new insight into the Osart
visits when he said that when Finland had .been visited last March,
they had discovered that an Osart mission wae extremely time
consuming both for the utility and for the regulatory body,
especially for a country like Finland which had very limited
resources in this field. ©Notwithstanding that he said that
afterwards they still considered that it had been a beneficial
experience. He also indicated the changes that had been made to
the Finnish nuclear programme in the wake of the Chernobyl
accident and these are referred to in the 1list of documents in
annex 111 to this report.

Jennekens from Canada then introduced a rather more formel note by
saying that whilst Canade supported the conventions which had been
signed the previous week, they noted that a resolution had been
Placed before the Committee of the whole to set up a group to
examine the question of what was meant by significant evente in
the context of the notification system.

Siderenko of the USSR ralised the rather detailed question of
spurious trips and the design of the logic of reactor protection
systems. He indicated that this had been a particular problem in
the USSR and this could provide some insight into why the tests
were being done on Unit 4 at Chernobyl. He admitted that the
Soviet Union had had difficulty with the problem of spurious trips
and the design of the logic systems for RPSs and this could .be an
insight into some of the problems they have had with their nuclear
power programme in general.

Denton of the USNRC supported the view that spurious trips were
important and said that in US experience, 1:10 of all spurious
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strong point thet with a standardised programme of reactors the
requirements for operational safety were rather different from
countries where there were many different kinds of reactors and
indeed made the international problem of intercomparisons between
different reactor designs and national practices even more
difficult to utilise properly. He explained that in the French
system they assume that the operators are motivated to be involved
in the whole spectrum of activities relating to the safe operation
of the plant end in particular thet they have to understand the
processes going on in the reactors and not Just implement a series
of instructions which have been set up by others. He explained
that he thought that the real problem was setting up a considered
screening system so that out of the very large amount of
information which could be generated only that which was really
pertinent and important to operators was presented to them. He
went on to say that even within the OECD system operating as it
did a wide range of different reactors, the usefulness of date
when transmitted across reactor types and national practices was
very limited indeed.

Medina from Mexico described their experience as a developing
country with Osart missions. They are currently building two 600
MW boiling water reactors and they are planning fuel loading in
1987. They are following very closely the IAEA guidelines as laid
down in the NUSS series of documents. The operators in Mexico
have degrees in engineering and are considered to be highly
educated. He reported that a simulator was being built. He said
the IAEA had played a very large part in assisting the
rreparations for this country's embarkation into the nuclear power
era. The Osart missions had been helpful and another (Osart tean
was due to visit the country next January. On the gquestion of
safety goals, he intimated that for most developing countries all
they could do was to take on board the safety goals or criteria or
standards from the vendors home country.

Sennis from Italy spoke principally on the incident reporting
system. He indicated the need to learn from experience and the
possible usefulness of data concerning abnormel occurrences if
they were properly interpreted. This included the detection of
precursors to accident situations. He indicated that there were
three levels of information which could be exchanged on an
international basis.

1. On a detailed level data relating to the operations of
particular plant were available. These were really only of value
to plant identical to each other and operated under the same
overall procedural rules.

2. Plants with similar technology or design. He said that after
some screening it could be possible for useful informetion
transfer between such plant.

3. The wider use of data bringing in more diverse plant to form
the data base was much more difficult. Here, only the most global
or generic lessons could be expected to be transferrable from one
plant or country to another. He indicated that the internationsal
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say however, that Italy had offered the Latina plant for an Osart
mission in 1988. However, it was pointed out that there were no
plans for Osart missions to other gas reactors, LMFBRs, HTRs, etc.
It was difficult to know whether the presenter of this talk was
trying to make a particular point or wds simply making a statement
of fact. He said that although there had been missions now over a
period of 3 years it was too soon to give general insights and
conclusions as to differences which the teams had found in the
safety culture in the different countries that had hosted Osart
missions.

The second topic introduced by the IAEA secretariat was the
incident reporting system. Here the need to make full use of the
4,000 or so reactor years of experience now available had become
highlighted by the Chernobyl accident. However, in order to make
the data more useful it had to be compatible with that used by
national programmes and with other international activities
particularly that of the NEA. In 1985 it was reported that 51
reports were issued for inclusion into the IRFs but that it was
now important to consider the identification of generic issues
which are of use for all plants out of the large number of pieces
of data which are rather plant specific. This point was taken up
by several interventions from the floor later on.

The meeting then continued with a series of pre-planned
presentations from the floor presumably which had been agreed with
the Chairman beforehand for presentation. . The first of these was
by Holander from Sweden. He was the Director General of the
Nuclear Power Inspectorate in Sweden and he chose to introduce his
personal views on the strengthening of international collaboration
on nuclear safety matters. His principal point was that safety is
a matter of attitudes and this depends upon the management, the
operational crews and the whole range of people and activities
involved in running & nuclear power station. Regulation itself
cannot make for the safe operation of plant. He said that since
there was no competition between utilities in different countries
then they should be able to co-operate very fully. It was pointed
out that there are various groupings of utilities which do do such
co-operative activities. He went on to indicate some of the
activities in Sweden for example the reliability evaluation
programme to indicate collaboration between Government and utility
in trying to improve the general safety standards both for
regulators and for operators. His principal point was to indicate
that Sweden wished to see the setting up of international safety
levels and he interpreted the INSAG proposals for basic safety
principles as meaning quantitative safety goals. Later in the
meeting he tended to retract from this very hard line and this is
covered in the sections concerning the use of the NUSS system of
the TAEA. Finally, he made a very strong plea for international
efforts for the design of a new generation of power plant
utilising inherently safe features. This was due as an item on
the agenda for the second morning and wes not taken further at
this time.

Cogne, Director of IPSN then made a presentation from the floor on
the operational safety approach in France. He made the very
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the special meeting and the Board of Governors meeting. He was
confident that by the November meeting of Experts a smaller number
of proposals would be avallable for discussion. He was not able
to say when this smaller set of screened proposals would be
available for national consideration prior to the meeting of
experts.

Rosen said he was pleased to note that out of 33 countries
currently operating nuclear power stations, 26 were actually
represented at this meeting and that in fact only 5 countries
would not be represented in practice because neither Taiwan nor
South Africa would be expected to be present at such a meeting.
The representation around the table was at quite a high level, the
USNRC were represented by Chairman. Zech, the USSR by Siderenko,
Deputy Chairman of the Soviet State Committee on Nuclear Safety
end most other countries were represented at a similar sort of
level with France for example, fielding Cogne, the Director of
IPSK.

The Ruseian video of the Chernobyl accident was shown again and in
response to a request from the floor for information on the
availability of this tape, Konstantinov indiceted that
difficulties with copyright prohibited the further dissemination
of the film outside the IAEA. However, he said that any groups
meeting within the IAEA auspices could ask to see the video which
is worth noting for UK staff when attending meetings in Vienna
" that they could seek permission to see this video during those
visits. It is certaeinly well worth seeing to bring home the
enormity of the accident. The question was raised concerning the
status of Unit 1 at Chernobyl. Rosen indicated that he believed
that it was now back on power but Siderenko was unable to confirm
this. This was a strange exchange with Rosen's source seeming to
be the newspapers but this could not be confirmed by the very
senior USSR delegate from the Committee.

2. Strengthening International Co-operation - Operational
Safety

The Chairman for this session was Zech of the USNRC. He
introduced the session by highlighting the importance of
operational safety as it underpinned all aspects of the safe
operation of nuclear plant, including the concept of the safety
culture. He took advantage of announcing that the US had recently
licensed its 1015t plant. (Denton later confirmed to me that this
was the Clinton Illinois plant). Zech chose to illustrate his
belief in the importance of operational safety by saying that he
had personally visited some 64 nuclear power plants during his
time as a Commissioner for the USNRC prior to his elevation to
Chairman of that body.

The first presentation was by an IAEA staff member concerning the
Osart programme. This is outlined in a document which is referred
to in annex III which lists all of the documents presented at this
session and is not repeated here. He indicated that the calls
upon the IAEA for Osart visits was increasing and these had
concentrated primarily on the PWR and BWR type reactors. He did
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interpretation of the uncertainties in the data.

Rosen went on to explain that the expanded programme of the Agency
was for about $2 million more which may be seen s an increase of
about a third over the existing budget of $6 million (not
ineluding voluntary contributions). This expansion he said would
involve hiring 15 new profeasional staff to cover nuclear safety
and radiological protection.

He indicated that the two conventions ratified at the special
meeting of the Board of Governors in the previous week, had now
been signed by over 50 countries.

He announced that a new response unit would be set up which would
have 3 main areas of work:

1. To compile lists of competent authorities and available
resourcee 1in member nations. These resources would include both
materials and experts.

2. The collection and dissemination of data.

3. Co-ordinating assistance if required - possibly extended to
sending experts to sites for specific systems.

Rosen explained that the discussions concerning the expanded
programme were not yet finished but that the Board of Governors
had indicated that it would support this increase in the programme
at least in principle. BHe then went on to specify the timetable
for further meetings during the autumn which would finalise the
decision making process.

1. There would be a meeting of experts in November and this
would look at the priorities and the resources required
internationally to implement the proposals. This would include a
wide range of topics some of which were discussed in more detail
later in this meeting especially that concerning the unification
and homogenization of safety standards.

2. The Scientific Advisory Committee of the IAEA would meet in
early December and consider these proposals.

3. There will be a special meeting of the Board of Governors in
mid-December specifically to approve the identified programme.

You made it clear that any further comments on the programme and
the proposals could still be introduced into the decision making
procesas. I spoke to Rosen privately and he confirmed that the
draft terms of reference which had been circulated during the
special meeting had not been ratified but in his opinion would not
be changed significantly for the expert meeting in November. A
draft version of these early proposals is included as annex II to
this report. He also said that prior to the November meeting
there would be some rationalisation of the proposals coming from
the INSAG document, the expanded work programme as proposed by the
IAEA secretariat and any resolutions and suggestions coming from
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Note for the Record

Specinl Session for Safety of the Meeting of the Board of
Governors of the 1AEA, 2-3 OUctober 1086, vienna

This meeting had been overtaken by the intense activity of the
Agency in post-Chernobyl activities. M Rosen explained that the
original plans to have an afternoon scientific session on
decommissioning and decontamination had been planned before the
accident at Chernobyl in April. BHowever, that session had gone
ahead and a series of papers were presented. I was not present at
that meeting but have a full set of papers, the titles and authors
of which are given in Annex 1 and are available in regquest. Rosen
continued by saying that the review of the nuclear safety
programme of the IAEA which formed Item 1 of the agenda, would be
taken rather quickly and that most of his introductory remarks
would be addressed to the post-Chernobyl activities being planned
for the Agency. He began by introducing several documents.

1. Introduction - Ruclear Safety Review

The INSAG experts report following the information meeting is now
available as a printed document in the IAEA safety series No 75,
INSAG-1. This he said, would be the formet for future INSAG
reports, this being the first. They are readily recognisable by
the fact that they have a garish purple cover. He said that the
second document in this series would be an INSAG report on the
source term. The second document he brought to the meetings
attention was the 1686 bulletin of the IAEA. This in fect is
volume 28, number 3. This he said had been produced with
partlcular emphasis on safety and included many interesting
articles on thaet topic.

He introduced a document by UNEP (United Nations Environmental
Programme) entitled: Radiation - doses, effects, risks. This was
meant for the educated public and seems to be quite a good
exposition of the effects of radiation on man. It is along the
lines of NRPB's "Living with radiation" but rather more
comprehensive in its coverage.

The third document he introduced was & Finnish report concerning
itself with the comparative risks between nuclear and fossil
fuels. Whilst the title indicates that it is a bibliography, he
suggested that it was far from that and it actually lays down the
guidelines showing the basis upon which comparisons could be made.
This he said was particularly important to avoid comparing apples
with oranges. The document was based upon comparisons between the
supply of 1000 MW of electricity. The basic conclusion to the
document were that occupational risks were relatively small and
this applied to coal, nuclear and oil. However, it showed that
the public health effects of electricity generation are not
similar for these different sources of supply and that the gap
between nuclear and other forms of producing electricity is very
wide indeed. Rosen seemed very impressed by this document,
particularly because it gave what he thought was a realistic
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THE 1AEA INCIDENT REPORTING SYSTEM

Although the nuclear power industry has an exceilent
safety record, the accident at Unit 4 of the Chernobyl
nuclear power station, in the Ukraine, gave evidence
of the severity of unusual events which can occur in
nuclear plants. Efforts to assure the safe operation of
nuclear facilities of all kinds continue to be a prerequi-
site for the widespread utilization of nuclear energy;
and it is always possible to make improvements.
Attention is therefore focused worldwide on
mechanisms for utilizing the growing body of
experience of nuclear power plant operation: the
accumulated lifetime of power reactors which are
already in operation is about 4000 reactor-years.

It is recognized increasingly that the feedback of
experience in the operational satety area provides a
unique opportunity to improve nuclear safety. Every
accident or abnormal event and situation must be
carefully screened and, where appropriate, rigorously
investigated to assess its implications for existing
system design, equipment design and quality, opera-
tor training, computer models of thie system, operator
training simulators, plant procedures, safety systems,
emergency measures, management and regulatory
requirements. implementation of the lessons learned
from operational experience improves not only plant
safety, but equipment reliability and plant availability.

Systems have been set up in many countries to
collect, analyse and disseminate information on
safety-related events and situations in nuclear power
plants. The International Atomic Energy Agency has
recognized the advantages to be derived from joining
in the various national and international efforts to
exchange operational experience worldwide, and has
established an international Incident Reporting
System (IAEA-IRS) to complement national systems.
In a two-fold approach, the IAEA is assisting Member
States in establishing, improving or harmonizing their
2




national systems for collecting, assessing and dis-
seminating safety-1 .ed operational experience; and
operating the JAEA system for reporting unusual
events with safety significance. The I|AEA-IRS is
described in detail in the IAEA document The IAEA
Incident Reporting System, published in March 1983.

The end goal of the IAEA-IRS is the reduction in
frequency and severity of safety-significant unusual
events occurring in nuclear plants. Information about
such events is shared with all participating countries.
The reporting arrangements include an effective
system to ensure that information is used only for
official purposes; it is not available to unauthorized
persons. A participating country may classify any part
of the information it sends as confidential, thereby
imposing further restrictions on its distribution. The
{AEA-IRS is operated in co-operation with regional
organizations such as the Nuclear Energy Agency of
the OECD, which has its own system (NEA-IRS).

The routine receipt and distribution of reports on
incidents form the basis for in-depth studies on
implications and remedies, and also assist in the iden-
tification of issues common to certain or to all nuclear
power plants. Identification of generic issues
commences with national assessments, and the
issues are then studied in depth by experts at meet-
ings convened by the IAEA. On request, the IAEA will
assist Member States not only to establish and main-
tain suitable national reporting systems, but to review
operating records and to perform assessments of
safety-significant events.

(7
e B
| e
Participation

It is assumed that a Member State which wishes to
participate in the IAEA-IRS:

@ will have embarked on a nuclear programme;

e will have established or intend to establish a
regulatory body with the authority necessary to
regulate the safety of nuclear power plants (as
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described in the IAEA Code of Practice, Govern-
mental Organization for the Regu. n of Nuclear
Power Plants, Safety Series No.50-C-G);

® will have established or intend to establish a
national system atong the lines set out in |IAEA-
TECDOC-278, National Systems for the Collection,
Assessment and Dissemination of Information on
Safety-related Events in Nuclear Power Plants, in
which it is recommended that the regulatory body
of the Member State require operating organiza-
tions to report safety-related unusual events;

® will give or have given an appropriate organization,
usually the regulatory body, the responsibility for
sending information on incidents to the IAEA.

The IAEA would consider proposals to vary the
interpretation of the basic IAEA-IRS document if not
all these assumptions held true in the case of a
particular Member State, as long as the fundamental
principles of that document were not compromised. In
such a case, the |AEA would inform all participants of
the agreed interpretation. However, a Member State
should seek to participate in the IAEA-IRS normally
only after it has made satistactory arrangements to
meet all requirements of the system.

A Member State in which there are no nuclear power
plants in operation, but which plans to participate in
the IAEA-IRS, should contact the IAEA about a year
before its first nuclear power pilant enters service for
advice on the arrangements it should make to set up
its own national incident reporting system, and on the
way in which information should be sent to the IAEA.

Principles

If the IAEA-IRS is to function effectively, each
participating Member State must commit itself to send
to the IAEA relevant information about safety-related
incidents which occur in nuclear power plants in its
territory.
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Incident reports to -~ sent to the IAEA should be
selected on the bas .hat they are considered likely
to be of general interest to the international nuciear
community — whether this is because important
lessons can be learned from them, new aspects of
safety have been discovered, or hitherto unsuspected
inter-relationships between events have been
revealed. Further guidance on the selection of reports
appropriate for distribution through the JAEA-IRS may
be derived from a study of reports actually distributed
by the IAEA.

The IAEA expects reporting organizations to send
incident reports as soon as the necessary data are
available: in general, not later than about four months
after an incident has occurred. The |AEA passes on
requests for supplementary information to the
appropriate co-ordinator for action.

The |IAEA passes on incident reports or follow-up
reports to all participants in the JAEA-IRS as soon as
they are received. All such information is channelled
through a national co-ordinator, designated by
reference to his position in the national organization.
At their discretion, co-ordinators distribute information
to governmental and non-governmental organizations
for official use. Recipients of such information shall
not distribute it further.

If a participant wishes to place special restrictions on
the distribution of any part of the information it sends
to the IAEA, it may mark those portions confidential.
National co-ordinators are required to ensure that
such confidential information is distributed only to
organizations specified by the participant sending the
information. The IAEA removes restrictions placed on
the distribution of information only with the consent of
the participant sending the information.

To review the information received in the 1AEA-IRS,
and the operation of the system in general, the 1AEA
convenes a Technical Commitiee meeting at least
once a year. Reports are first considered by a
Working Group, then passed to the Technical
Committee for further consideration. The Committee
selects for further analysis reports of those events
which it considers to be of particular interest to the

5



international community. Its conclusions are dis-
tributed to all countries participatir 1 the IRS.

Joint IAEA/NEA mestings for the exchange of infor-
mation on abnormal events have been held annualty
since 1983. These mestings have an important role in
strengthening mechanisms for the exchange of
experience in the assessment of incidents and in
improvements made to reduce the probability of simi-
lar events occurring in future.

13

National systems

The |IAEA-IRS can exist only in close connection with
national systems through which operating organiza-
tions can report unusual events to their own
regulatory bodies. The IAEA issued guidelines for the
establishment of such systems (IAEA-TECDOC-278,
National Systems for the Collection, Assessment and
Dissemination of Information on Safety-related Events
in Nuclear Power Plants) in 1983.

National reporting systems are an important element
in work to improve the salety of nuclear power plants,
because they help regulators to evaluate the
performance of operating nuclear power plants. In
turn, feedback from regqulatory organizations can be
‘made available to organizations which are
responsible for operating, designing and manufactur-
ing nuclear plants, and for safety research. The objec-
tive in both cases is to reduce the frequency and
severity of unusual events, and to give added
assurance that structures, systems and components
which are important to safety will perform adequately.

National systems should therefore be designed to
make it possible to:

@ identify, assess and report on unusual events, and
to ensure that appropriate organizations receive
feedback enabling them to enhance operational
safety

6



® correlate unusual avents which may not be signifi-
cant individually, . taken together indicate that a
problem of significance to safety may exist

® by applying lessons learned, reduce the frequency
of unusual events, and hence increase nuclear
power plant availability, and

® reduce the probability of severe accidents which
might have consequences which could be signifi-
cant to public health and safety, or the economics
of power plant operation

Reporting requirements and procedures should
specify the types of unusual event reports which
should be recorded; channels of communication; and
formal requirements, such as formatting and the time
intervals within which reports should be made.

The operating organization should report to the
regulatory body any event that it judges to be safety-
related, in the following categories:

1 Exposure to radiation or release of radioactive
material:

a exposure to radiation that exceeds prescribed
dose limits for personnel on site, or members of
the public, or

b releases of radioactive material that exceed
prescribed limits whether they are confined to
the site or extend beyond it.

2 Degradation of items important to safety:

‘a fuel cladding failure, or

b degradation of the primary coolant pressure
boundary, main steam or feedwater line, or

¢ loss of containment function or integrity, or

d degradation of systems required for reactivity
control, or

e degradation of systems required to control sys-
tem pressure or temperature, or

f degradation of essential support systems.

3 Deficiencies in design, construction, operation,
quality assurance or safety evaluation

4 Events indicating generic problems
5 Events requiring significant consequential actions
6 Events of potential safety significance



7 Unusual events of either man-made or natural
origin that directly or indirectt ffect the safe
operation of the plant

8 And, optionally, events that attract significant
public interest.

There is no formal requirement for a certain humber
of events to be reported in any given year: the number
of reports obviously depends on the frequency of
events, and may be affected by factors such as plant
design, plant age, and operating practices. In some
Member States where a reporting scheme similar to
that described here is in use the number of reports
ranges from 10 to as many as 50 events per year per
operating unit. It is envisaged that a report of an
unusual event at an operating unit will be considered
important enough to be sent to the IAEA only once a
year, or once in two years.

Unusual event reports are required to be comprehen-
sive, and to be set out in an orderly and consistent
manner. Each report should include:

1 A cover sheet giving basic information such as the
name given to the event, date, name of plant,
abstract, basis for reporting

2 A narrative description (with relevant plant data
and drawings)

3 An assessment of the causes, consequences and
implications of the event

4 And a description of corrective actions taken or
planned.

The requlatory body should store unusual event
reports in such a way that the information they contain
can be easily sorted and retrieved for evaluation. it
should be possible to make searches for:

1 Similar fault modes, events with similar sequences,
multiple independent faults and so on

2 Similar events or occurrences at similar units
3 Faults by system or component involved

4 Trends or patterns
8



5 Events having <similar consequences to the
environment or p  Jnnel

6 Common-mode faults
7 Events involving similar personne! errors.

Unusual event reports should be screened at the
national level to select those which warrant detailed
evaluation and comprehensive study, to identify
valuable ‘‘lessons to be learned’’ and to enable this
information to be fed back to personnel engaged in
nuclear power plant operation, construction,
manufacture, design, safety analysis and research.

L]

The assessment of unusual events should be suffi-
ciently thorough to give confidence that their safety
implications have been fully understood, that their
causes have been correctly established and that
appropriate cofrective actions have been identified.
Each event should be assessed as soon as possible
after it occurs, and in more detail later. Assessments
may be carried out by plant personnel and by
personnel from other parts of the operating organiza-
tion, by system or component designers, and by the
regulatory body.

Corrective actions could include those related to:

1 Operating, testing, calibration, maintenance or
inspection procedures

Operating margins

Component design or location

System configuration or location

System or component reliability

Safety analysis methods and assumptions
Safety design standards

Regulatory processes

Design methods

10 Construction methods.

RN NBEAON

To ensure that each national system is as effective as
possible, information concerning unusual events,
including evaluations, should be disseminated to
such other interested groups as:

1 Governmental organizations with responsibilities
related to nuclear power
9




2 Utilities planning or already running nuclear power
programmes '

3 Vendor companies (design firms, engineering con-
tractors, manufacturers and so on)

4 Research establishments
5 Technical universities.

The organizers of national reporting systems should
consider co-operating closely with other existing or
planned unusual event reporting systems, estab-
lished by international organizations or in other
countries, in order to benefit from other Member
States’ experience. They should make appropriate
provision to store reports which they receive from
other countries or international organizations, in a
form compatibie with that of national and international
systems.

vl‘
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Selection and transmission of significant safety-
related unusual events to IAEA-IRS

Participants should screen reports on safety-related
unusual events which have been prepared to meet
the requirements of the national system, identify
incidents which are of general safety significance,
and transmit them to the IAEA as quickly as possible:
the more important the incident, the sooner the report
should be sent. Each report should indicate whether
the urgent attention of other participants is recom-
mended. Follow-up reports should be sent as soon as
possible if it is necessaty to add or to modify details
previously supplied.

Incident and follow-up reports sent to the IAEA-IRS
may be written in a free style, edited only enough to
make them comprehensible to readers not familiar
with terms and abbreviations used locally. Preferably,
the language used should be Engtlish, or one of the
other official JAEA languages (French, Russian or

10



Spanish). In any casa the abstract should be in
English. If translation .m other languages is neces-
sary, but may cause undue delay, then the report
should be sent in the original language with an
abstract in English. In such a case, the translated text
should be sent as soon as possible.

If information is aiready in a form suitable for
computer storage and retrieval, the participant should
discuss with the IAEA methods by which the national
system may be harmonized with the IAEA-IRS. The
IAEA may then be able to accept information sent by
the participant in this form. This would facilitate the
exchange of information and reduce the effort
needed.

Recelpt and distribution of information

As soon as the IAEA receives an incident or follow-up
report, it sends it (observing any restrictions) to all
participants in the IAEA-IRS. Supplementary informa-
tion requested by a participant is normally passed on
in full only to that participant, but an abstract is sent
to all participants.

The incident reports received by the IAEA include all
the information listed earlier as being required for the
effective operation of a national system. Additionally,
it is now recommended that incident reports shouid
include a separate section on lessons learned, and
indications of the cause of the incident, the effect on
operation, type of failure and other characteristics of
the incident (watch list).

There are special procedures for the confidential and
restricted handling of IRS information in the IAEA. Full
reports and supplementary documents are stored in
written form. Essential information is also stored on
the IAEA computer, in such a way that analyses can
be performed to identify problem areas.

1
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IAEA ADVISORY SERVICES

The International Atomic Energy Agency (IAEA) has a
long-standing reputation for effective co-ordination of
the exchange of nuclear safety technology between
Member States. It provides various advisory services
upon request:

® sending missions composed of a small number of
experts for periods of time ranging from two or
three days to a month, or

® assigning individual experts for periods of from
-about a month to as long as a year to the request-
ing country.

Individual experts are usually provided to assist in the
resolution of specific problems affecting nuclear
safety. They may help, for example, in the review of
construction quality assurance programmes, or in the
preparation of a commissioning test programme. The
larger missions are generally devoted to broad tasks
such as making independent safety reviews of plant
construction or licensing preparations.

in the past, the most frequent requests for |IAEA
advisory services concerned matters such as:

® organization of a regulatory body within the govern-
ment structure .

® site survey, site evaluation and review of site-
related design bases

® safety reviews required for licensing purposes

® ovaluation techniques to be used in analyses of the
safety of nuclear facilities

® general conclusions to be drawn from incidents
reported and assessed to avoid recurrence

® measures required to arrange for appropriate
emergency planning and preparedness.

Today, however, the number of new nuclear power
plants under construction is decreasing (Fig. 1). At
the same time, as new plants come on-line, the

2



cumulative operatin~ time of reactors is increasing
dramatically (Fig. 2). .erefore, the attention given to
nuclear safety is shifting from constructional and
design concerns toward operational safety concerns.

In 1982, to meet the increasing needs of Member
States in this area, the IAEA announced the avail-
abilty of Operational SAfety Review Teams
(OSARTs).
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OPERATIONAL SAFETY REVIEW TEAMS

The Operational Safety Review Team (OSART)
programme was created as a mechanism to provide
useful advice with an international perspective to
nuclear power plant managers on how to enhance the
safety of their plants. The teams are usually com-
posed of ten to 15 very experienced individuals, often
managers from other nuclear power plants, who travel
to the plant site and perform a three-week in-depth
review of local operating practices. These interna-
tional experts are recruited from external organiza- °
tions such as nuclear power plants, utilities or
operating organizations, consulting firms, and regula-
tory bodies as well as from the |AEA in-house staff.
The external consultants are selected to bring in
plant-specific expertise in, for example, operations or
maintenance. The external consultants may change
from one mission to another, but the regular in-house
members ensure continuity and uniformity in objec-
tives, criteria and performance of the OSART teams.
Continued improvement in the OSART service is
assured by the holding of feedback sessions in which
members of the OSART and representatives of the
operating organization and the regulatory authority in
the Member State take part.

OBJECTIVES

An OSART looks into the operating history of a plant,
checks how routine operations are actually con-
ducted, explores the pianning and preparation of
future work, and verifies the approach taken to cope



with unusual events including accidents. The result is
a comprehensive  uation of the overall safety
strengths and weaknesses of the plant.

The review is aimed at assessing objectively the
plant’s safety practices against other successful
international practices and to exchange ideas for the
improvement of safety at the working level. It is not
intended to be a regulatory type inspection that
checks compliance with national requirements. An
OSART review is performance-based; thus, it does
not seek to impose one proven approach to safety in
all plants reviewed, but accepts different possible
approaches insofar as they reflect good practice and
contribute to an operating organization’s quest for
safety. In the long run it is hoped that an internation-
ally agreed level of operational safety may be
achieved — not through direct administrative actions
but instead by the spontaneous acceptance of
successful, cost-effective safety practices.

Another important aspect of an OSART is the mutual
exchange of knowledge and experience between the
experts and plant personnel in the course of the
review. OSARTs are also utilized as a means for
training personnel in developing countries, through
assignment alongside experts as observers. Regula-
tory personnel, who may be assigned to follow the
OSART review, also benefit from the information
exchange.

Y7 59 VR

SOME POINTS OF INTEREST

How the review Is performed

The members of an OSART study information
provided in advance by the nuclear plant operating
organization to familiarize themselves with the plant,
its main design features, operating characteristics,
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history, basic records and instructions; and the
organization of the plant, key persor  and regula-
tory provisions. A preliminary outline of the review
programme is prepared in advance (as shown in
Table 1).

Simultaneously, the operating organization and the
regulatory body make the necessary arrangements
for the smooth performance of the review. These
include scheduling the review so as to cause a mini-
mum of interference with the operation of the plant.
Periods when the plant is shut down for refuelling,
maintenance, repalr or modification are usually not
well suited, because the plant personnel have a heavy
workload at such times. Other items to be arranged
are the clearances necessary for team members to
enter the plant, the provision of appropriately
equipped office space, the establishment of a review
co-ordinator on site, the designation if necessary of
liaison officers to assist the members of the OSART to
overcome language barriers, and so on.

During the first week on site the team members
complete their familiarization with the plant, assisted
by plant personnel, and finalize the review
programme. It takes then about two weeks for the
team to acquire sufficient detailed information to
make it possible for them to arrive at sound findings
and recommendations which will enhance operational
safety. OSARTs use three basic techniques which
supplement each other:

® examining the plant’s records and documentation

@ discussing technical and administrative details with
the competent plant personnel; and

® observing personnel in the course of their
activities.

The last days on site are used to discuss the team’s

principal findings with the operating organization and

regulatory body, to eliminate any errors or misin-

terpretations before preparation of the final report.

What advance information is needed?

To enable an OSART to perform as efficiently as
possible while on site at the plant under review, the



TABLE 1: STANDARD OSARY SCHEDULE

DAY 1 2 3 4 5
ORGANIZATION OVERVIEW & SITE QUALITY QUALITY DOCUMENT
AND HP COURSE & ORGANIZATION ASSURANCE ASSURANCE CONTROL
MANAGEMENT MEET COUNTERPARTS PRINCIPLES PRQCESS SYSTEM
TRAINING TRAINING CONTROL ROOM CONTROL ROOM
TRAINING ORGANIZATION SUPPORT & OPERATOR OPERATOR
& ADMINISTRATION RESOURCES TRAINING TRAINING
OPERATIONS SHIFT CONDUCT OF CONDUCT OF
OPERATIONS TOP ORGANIZATION ORGANIZATION & CONTROL ROOM FIELD
& ADMINISTRATION ADMINISTRATION OPERATIONS OPERATIONS
MAINTENANCE MAINTENANCE MAINTENANCE PREVENTIVE
MAINTENANCE ORGANIZATION ORGANIZATION PRQCEDURES MAINTENANCE
& ADMINISTRATION & ADMIN, CONT'D PROGRAMME
AADIATION R.P. RADIATION R.P. EQUIPMENT EXTERNAL
PROTECTION ORGANIZATION PROTECTION INSTRUMENTATION RADIATION
& ADMINISTRATION PROCEDURES & FACILITIES PROTECTION
CHEMISTRY HOT LAB COLD LAB RADIOCHEMICAL
CHEMISTRY ORGANIZATION EQUIPMENT & EQUIPMENT & MEASUREMENT
& ADMINISTRATION INSTRUMENTS INSTRUMENTS FACILITIES
TECHNICAL TECH. SUPPORT TECH. SUPPORT TECH. SUPPORT REACTOR
SUPPORT ORGANIZATION SURVEILLANCE SURVEILLANCE ENGINEERING
& ADMINISTRATION PROGRAMME PROGRAMME
EMERGENCY DETAILED REVIEW SITE PROCEDURES SITE PROCEDURES SITE EMERGENCY
PLANNING & Y OF SITE TO IMPLEMENT TO IMPLEMENT RESPONSE
PREPAREDNESS EMERGENCY PLAN EMERGENCY PLAN EMERGENCY PLAN FACIUTIES
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DAY 1 12 13 14 15
ORGANIZATION MISCELLANEOUS COMPLETE ANY RESERVED FOR |[REPORT PREPARATION 9—12 A.M.
AND ADMINISTRATIVE OPEN REPORT AND DISCUSSIONS EXIT M| NQ
MANAGEMENT FUNCTIONS ITEMS PREPARATION | WITH COUNTERPARTS
SUPERINTENDENT, GE
TRAINING MANAGERS, AND EMPLOYEE
CHEMIST TRNG. TRAINING
TAQGING SYSTEM&/ FACILITIES &
OPERATIONS KEY CONTROLS EQUIPMENT
BrER. Alos;
EMERGENCY PROCEDURES AIDS)
STORERCOM BTOREROOM
MAINTENANCE ORGANIZATION & ADMIN. ORGANIZATION & ADMIN.
AND MATERIAL AND MATERIAL CONTROL
RAGIATION PADIOACTIVE RADIOACTIVE
PROTECTION EFFLUENT EFFLUENT
CONTROL CONTROL
CHEMISTRY REVIEW
CHEMISTRY REPORTS AND CHEMISTRY
RECORD SYSTEMS PROCEDURES
TECHNICAL EQUIPMENT FAILURE PLANT
SUPPORT EVENT ANALYSES MOOIFICATION
PROCESS
EMERGENCY TOUR OF OTHER COMPLETE ANY
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operating organization must submit documents
considered useful for the advan familiarization of
the team members with the plant. it is obvious that
comprehensive documentation concerning the plant,
its licensing status, operating history, procedures,
instructions and so on serves the purposes of the
review best, but may not always be readily available
in a condensed form. To ensure the most effective
transfer of advance information, a brief one- or two-
day OSART preparation meeting is usually arranged
between the IAEA's OSART co-ordinator and the
appropriate representatives of the Member State.
Planning and logistic details of the mission are also
reviewed during this meeting. Typically the advance
information will include such things as:

@ schematics of the plant and site layout

® organizational charts or diagrams

® descriptions of functional responsibilities and staff-
ing levels

® the index for plant procedures

® copies of recent monthly and annual management
reports

® descriptions of selected facilities in the plant

® brief descriptions of selected administrative
controls.

Areas reviewed

The overall review programme can be broken down
as requested into several areas. A typical breakdown
is as follows: '

1 Management, organization and administration:
This includes checking the organizational structure
for clearly defined functions, assignments and
responsibilities in implementing and controlling
plant activities with emphasis on safety implica-
tions. Attention is paid to the fulfiiment of regulatory
and other requirements imposed. Important
aspects are management involvement and commit-
ment, the personnel planning and qualification
programme, principles and objectives of the
station, the quality assurance programme, indus-
trial safety efforts and the document control
system.
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2 Training and qi*~lification: The major elements of
this are the ¢ .nization and administration of
. training, the training facilities, equipment and
materials, and the various training and qualification
programmes. This concerns all staff membars,
managers and engineers, shift advisers, licensed
and non-licensed operators, maintenance person-
nel and general employees.

3 Operations: The main topics are operations organi-
zation, statt size, qualifications and motivation,
operator working attitudes, knowledge, experience
and performance, procedure implementation, oper-
ating history, plant status control, and log-keeping
practice. The OSART is also interested in subjects
such as information transfer on shift turnover, work
authorization, temporary moditications, tagging
policy, tabelling system, cleanliness and order.

4 Technical support: This covers the activities of the
technical and engineering groups involved in
surveiflance testing, in-service inspection, operat-
ing experience feedback, plant modification and
reactor engineering programmes including the use
of plant process computers, control of computer
software and programme verification.

5 Maintenance: Important aspects here are the
organization of maintenance and related adminis-
trative systems, the upkeep of the piant, the work
control system, the manner in which maintenance
is performed, the role played by preventive main-
tenance, in-service inspections, the equipment
available, the maintenance history of the plant, and
procedures and documentation for maintenance.

6 Radiation protection: Among the items covered are
organizational and administrative arrangements,
the training and qualification of radiation protection
personnel, general employee training, control of
external and internal exposure, contamination
control, radiation protection instrumentation,
equipment and facilities, personnel dosimetry,
solid waste treatment and disposal, and radioactive
contamination control.
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7 Plant chemistry: This includes organizational and
administrative features, personn training and
qualification, laboratories, equipment and instru-
ments, procedures, reporting and record keeping,
plant review, chemistry status, and chemical and
laboratory safety.

8 Emergency planning and preparedness: This
relates to the operating organization's responsibili-
ties for preparing for nuclear accidents and radio-
logical emergencies, both on-site and off-site, and
the necessary liaison with public authorities. Also
included are matters of planning, training, facilities,
equipment and resources, accident assessment
and notification, personnel protection and public
information.

How plant performance Is judged

The IAEA carefully selects experts who have exten-
sive experience in nuclear safety, and come from a
variety of Member States. Each OSART expert uses
his experience, supplemented by the IAEA Nuclear
Safety Standards, to evaluate the plant performance
against successful and cost-effective safety practices
that he has seen elsewhere. If the expert feels that
superior methods are available elsewhere regarding a
certain safety practice, he will bring it to the attention
of the operating organization in the form of a finding
and a recommendation. Likewise, if a safety practice
is observed which is markedly superior to those avail-
able elsewhere, he will also make note of it to ensure
the practice is preserved and perhaps made available
to other nuclear power plants. The findings are not
final safety judgments in themselves but rather consti-
tute advice from an objective international expert
regarding particular practices that warrant further
consideration by the local organizations.

To ensure that the evaluations are comprehensive
and uniform, the IAEA has developed OSART guide-
lines to assist the experts in the topics to be reviewed.
Additionally, daily meetings are held at which each
expert's findings and recommendations are dis-
cussed with the other experts on the team. This
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ensures that the process is balanced and that oppor-
tunities exist for alte. .ive solutions to be brought
forward. Lastly, it should be noted that the expert
works on a daily basis with a local counterpart to
ensure that he develops a proper understanding of
plant practices, and to ensure that the operating
organization fully understands his findings and
recommendations.

Reporting policy

While at the site, the OSART members develop and
prepare a set of detailed Technical Notes regarding
their findings for use as a working document. The
notes are first discussed with counterparts in the
operating organization, then finalized and presented
at a plant exit meeting. A draft Summary Report is
also prepared for high level management and is left
with the local organizations for comment. After incor-
porating any comments, a final Summary Report is
submitted through official channels to the Member
State which requested the OSART. Distribution of
both the Technical Notes and the Summary Report is
restricted to the IAEA and the organizations involved
in the mission. Any further distribution is at the
discretion of the requesting Member State.

What are other organizations doing?

None of the other international organizations active in
nuclear safety — the Nuclear Energy Agency of the
Organisation for Economic Co-operation and
Development, the Commission of the European
Communities and the Councit for Mutual Economic
Assistance — offers a directly comparable service to
its Member States. They see their main task as
co-ordination of various national efforts in nuclear
safety, arranging for information exchange and
organizing joint research and development projects.
With respect to regulatory matters, they are not
usually involved in individual procedures, but restrict
themselves to giving more general advice — for
example, by developing standards. The IAEA is very
active in these areas too, but was urged to supple-
ment its activities by shifting emphasis from the
production of standards, recommendations and other
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guidance material, to their implementation, using
feedback as appropriate in the vision of the
documents.

Several Member States saw a need to supplement the
routine inspection and enforcement activities of their
requiatory bodies with voluntary safety improvement
programmes. The most comprehensive programme in
this respect was introduced in the United States in
1978 by the Institute for Nuclear Power Operations.
Important elements of this endeavour have been used
in establishing the objectives, procedures, review
areas and schedules of OSART.
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TABLE 2: SOME RFU.ATED 1AEA PUBLICATIONS
1 1AEA Safety Serics No.9
Basic Safety Standards for Radiation Protection (1982 edition)

2 IAEA Safety Serles No.50
Codes of practice

50-CO Safety in nuclear power plant operation, including
commissioning and decommissioning

50-C-QA  Quality assurance for safety in nuclear power plants

Safety Guides

50-SG-O1  Staffing of nuclear power plants and recruitment,
training and authorization of operating personnel

50-SG-02 In-service inapection for nuclear power planis

50-SG-03 Operational limits and conditions for nuclear power
plants

50-SG-04 Commissioning procedures for nuclear power piants

50-SG-O5 Radiation protection during operation of nuclear
power pilants

S0-SG-08 Preparedness of the operating organization (licensee)
for emergencies al nuclear power planis

50-SG-07 Maintenance of nuciear power plants
50-SG-08 Surveillance of items important to safety in nuclear

power plams

50-SG-09 Management of nuclear power plants for safe
operation

50-SG-010 Safety aspects of core management and fuel han-
dling for nuclear power plants

50-SG-011 Operational management of radioactive effluents and
wastes arising in nuclear power plants

50-SG-QA2 Quality assurance records system

50-SG-QA5 Quality assurance during operation of nuclear power
plants

50-SG-QAS5 (Rev.1)
Quality assurance during commissioning and opera-
tion of nuclear power plants

50-SG-QA7 Quality assurance organization for nucleasr power
planis

3 OSART Gulidelines

17



TABLE 3: OSART PROGRAMME F *RTICIPATION

Number of reactora*

Country OSART  Operationet Under
construction

Argentina 2 1
Belgium 8
Bulgaria 4 2
Brazil yes 1 1
Canada 16 6
Switzerland 5
People’s Republic

of China 1
Czechoslovakia 5 1
Cuba 2
German Democratic

Republic 5 6
Germany, Federal

Republic of yos 19 6
Spain yes 8 2
Finland yos 4
France yes 43 20
United Kingdom of 38 4

Great Britain and

Northem ireland
Hungary 2 2
india 6 4
iran, Islamic Republic of 2
Raty 3 3
Japan 33 11
Korea, Republic of yes 4 5
Mexico yes 2
Netherlands yes 2
Philippines yes 1
Pakistan 1
Poland 2
Romania 3
Sweden yes 12
Union of Soviet

Socialist Republics s 4
Talwan, China 6
United States of

America 93 26
Yugoslavia 1
South Alrica ' 2
Totals ’ 374 157

* As at 31 December 1985
18



TABLE 4: MEMBEP STATES’ PARTICIPATION IN

THE OSART PROC. MME

Member State Experts + (Observers)*
Argentina 2
Belgium 1
Brazil 2 + (2
Canada 2
China 2
Cuba (1)
Finland 2
France 10
German Democratic Republic 1
Germany, Federal Republic of 5
Hungary 2
Raly 1
Japan 2
Korea, Republic of 2+ (V)
Mexico : (1)
Pakistan (2)
Philippines (1)
Spain 2
Sweden 4
Switzerland 1
United Kingdom 1
USA 8
Yugoslavia 3+(2
Total external experts 47 + (14)
Total IAEA staft 39

* Numbers in brackels denote observers
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PREFACE

The information presented here is based on conclusions of the
Government Camission on the causes of the accident at the fourth unit of
the Chermobyl' Nuclear Power Station ard was prepared by the following
experts employed by the USSR State Camission Coamittee an the Use of Atamic

Gus'kova, A. K.
Demin, V. F.
I1'in, L. A.
Izrael', Yu. A.

Energy:
Abagyan, A. A. Mysenkov, A. I.
Asmolov, V. G. Pavliovskiy, O. A.

Petxov, V. N.
Pikalov, V. K.
Protsenko, A. N.
Ryazantsev, Ye. P.

Kalugin, A. K. Sivintsev, Yu. V.
Konviz, V. S. Sukhoruchkin, V. K.
Kuz'min, I. I. Tokarenko, V. F.
Kuntsevich, A. D. Khrulev, A. A.
Legasov, V. A. shakh, O. Ya.
Malkin, S. D.

Materials cbtained fram the following crganizations were used in
preparing the information: The I. V. Kurchatov Institute of Atamic Energy,
the Scientific Research and Design Instituts of Power Equipment, the
V. G. Khlopin Radiunm Institute, the 8. Ya. Zhuk "Hydrodesign" Institute, the
All-Union Scientific Research Instituts on Nuclear Power Stations, the
Institute of Biophysics, the Institute of Applied Geophysics, the State
Comittee on Nuclear Energy, the State Comittee cn hydrometsorology
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Ministry of Health, the State Camittee on Nuclear Safety, the Ministry of
Defense, the Main Fire Protection Administration of the Ministry of Internal
Affairs and the USSR Acadamy of Sciences.
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INTRODUCTICR

An accident occurred at the fourth unit of the Chernobyl' Nuclear Power
Station on April 26, 1986, at 1:23 AM with damage to the active zane of the
reactor and part of the building in which it was located.

The accident occurred just before stopping of the powerplant for
scheduled maintenance during testing of the operating modes of ane of the
turbogenerators. The power cutput of the reactor suddenly increased
sharply, which led to damage to the reactor and discharging of part of the
sadicactive products accumlated in the active zane into the atmosphere.

The miclear reaction in the reactor of the fourth powerplant stopped in
the process of the accident. The fire which broke ocut was extinguished, and
operations were begun for ‘containing and eliminating the consequences of the
accident.

The population was evacuated fram areas immediately adjacent to the
area of the nuclear power plant and fram a zone with a radius of 30 km
© amd it.

mviwofﬂnmmotﬂnmidmtmmat
Cherncbyl', an operations group headed by Prime Minister of the U.S.8.R.
N. I. Ryzhkov was organized at the Politburo of the OC CPSU (Central
Camittee of the Canminist Party of the Soviet Union) for coordinating the
activity of ministries and other goverrmment dspartments in eliminating the
consequences of the accident and rendering aid to the population. A
Govermment Camnission was formed and entrusted with studying the causes of
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the accident and carrying out the necessary emergency and reconstruction
measures. The necessary scientific, technical and econamic capabilities and
resources of the country were provided,

Representatives of MAGATE were invited to the USSR and given the
opportunity to familiarize thamselves with the state of affairs at the
Chernobyl’ Nuclear Powerplant and measures for overcaming the accident.
They informed the world canmnity about their assessment of the situation.

The governments of a number of:'cam;ries, many goverrmental, social and
private organizations and individual citizens from varicus countries of the
world appealed to various organizations of the USSR with proposals
concerning participation in overcaming the after-effects of the accident.
Same of these proposals were accepted.

In the thirty years of its development, nuclear power engineering has
occupied an essential place in worldwide power production and, on the whole,
has displayed high levels of safety for man and the enwvirorment. One cannot
imagine the future of the world econamy without muclear power. However, its

ther development must be accampanied by still greater efforts an the part
of science and engineering for ensuring its operational reliability and
safety. '

The accident at Cherncbyl' was the result of coincidences of several
events of low probability. The Soviet Union draws the proper conclusions
fram this accident.
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Rejecting nuclear power sources would require a considerable increase
in production and cambustion of organic fuels. This would steadily increase
the risk of human diseases and the loss of water and forests due to the
continuous passage of hanmful chemical substances into the biosphere.

The development of the world's muclear power resources brings with it,
in addition to gain in the area of the energy supply and the preservation of
natural resources, dangers of an intarnational character. These dangers
include transfers of radiocactivity across borders, especially in large-scale
radi~+ion accidents, the problem of the spread of nuclear weapcns and the
danger of international terrarism, and the specific danger of muclear
installations under conditions of war. All this dictates the fundamental
necessity of deep intermational cooperation in the field of development of
nuclear power systems and ensuring of their safety.

Such are the realities.

The saturation of the modemn world with potentially dangercus
industrial processes, in significantly intensifying the effects of military
op .ticns, places the question of the senselessness and unacceptability of

) var under modern conditions on a new plane.

In a spesech on Soviet tslevision on May 14, M. §. Gorbachev stated:
"me indisputable lesson of Cherncbyl' for us lies in the fact that under
conditions of further expansion of the scisntific and technical revolution,

questions of the reliability of equipment and its safety and questions on

- ————p—c———
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discipline, order and organization take on primary importance. The
strictest requirements are needed everywhere,

Furthermore, we consider it necessary to move toward a serious
deepening of cooperaticn within the framework of the Internmational Agency on

Atamic Energy."



CHAPTER 1. DESCRIPTION OF THE CHERNCBYL' NUCLEAR POWER STATION
WITH REBMK-1000 REACTORS

1.1 Design Data

The planned power of the Cherncbyl's Power Statian (ChAES), was 60M4,
and an Jamary 1, 1986, the power of four units of the AES was 4000MA. The
third and fourth units belong to the second phase of the ChAES and to the
second generation of these Nuclear Power Stations (AES).

1.2 Description of the Reactor Installation (RU)
of the Fourth Unit of the ChRES

o/ The basic design features of RBMK reactors are as follows:

1) vertical channels with the fuel and the heat-transfe: agent, which
permit local reloading of fuel with a working reactor;

2) fuel in the fomm of bundles of cylindric fuel elements of uranium
dioxide in zirconium shell tubes;

3) a graphite moderator between channels;

4) a low-boiling heat-transfer medium in the forced circulation
O rrcirculation mode (KMPTs) with direct feeding of steam to the turbine.

These design dscisions in carbination condition all the basic features
of the reactor and the AES, both advantages and shortcomings. The
advantages include: the absence of reactor vessels, which are awkward to
produce on the powerplant maximum capacity and on the production base; the
absence of a carplex and expensive staam generator; the possibility of
continuocus reloading of fuel and a good neutron balance; a flaxible fuel
cycle, which is easily adapted to variations in the fuel market conditions;
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the possibility of miclear superheating of the steam; high thermodynamic
reliability of the thermal equipment and viability of the reactor due to the
controlling of the flow rate for each channel separately, monitoring of the
integrity of the channels, monitoring of the parameters and Padis activity
of the heat-transfer medium of each channel and replacemant of damaged
channels while running. The shortcomings include: the possibility of the
development of a positive void coefficient of tn‘cf_ivity due to the phase
change in the heat-transfer agent which determines the transient nevtronic
behaviar; high sensitivity of the neutron field to reactivity disturbances

:p E/emnt kinds, necessitating a complex control system for stabilizing
f.u& m&xﬂ:&it the release of energy in the active zone; camplexity of
the inlet-cutlet piping system for the hsat-transfer agent of each channel;
a large amount of thermal energy accumilated in the metal structures, fuel
clmntsaxﬂqnphitebloc.ﬁt_stmcm:eofmm; slightly radicactive

steam in the turbine.

e

e vo e

The RBMK-1000 reactor with a power of 3200 MA (thermal) (Fig. 1) is
equipped with two identical cooling loops; 840 parallel vertical channels
with heat-releasing assemblies (TVS) are connected to each locp.

PSR Sy

A cooling loop has four main parallel circulation pumps (three working
p:npstaedmgmoouhofwatetead\vithamuotabmtl.sm, and ane

back-up puap) .

The water in the channels is heated to boiling and partially
evaparates. The water-steam mixture with an average steam content of 148 by

mass is bled through the top part of the channel and a wvater-steam line into
Qless Aruns
two horizontal gravity separators. The dry steam (with a moisture content

less than 0.18) separated in them passes frum sach separator at a pressure
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of 7 MPa in two steam lines into two turbines with a power of 500 MA4
(electrical) each (all eight steam lines of the four separators are jointed
byamon'ring‘),uﬂthewater,afternbdngwithlta.mcaﬂmnte,is

fed by 12 down pipes into the intake collector of the main cooling purps.

Condensate of the steam exhausted fram the turbines is returned by feed
water pumps, through separators into the top part of the down pipes, creating

%CO h

hea of the water to the saturation temperature at the main cooling
pap inlet.

g
P

The reactor as a whole is made up of a set of vertical channels with
fuel and the heat-transfer medium built into c}l:Lndric apertures of graphite
colums, and top and bottam protective plates. A light cylindric housing
(casing) encloses the space of the graphite block structure.

The block structure c;cnsist of graphite blocks with a square croas
section with cylindric apertures along the axis assambled into colums. The
block structure rests on the bottam plate, which tranmmits the weight of the
reactor to a concrete shaft.

About 5% of the reactor power is released in the graphite froum slowing
down of neutrons and absorption of gama quanta. For reducing the themmal
resistance and preventing graphite oxidation, the block structure is f£illed
with a slowly circulating mixture of hslium and nitrogen, which serves at
the same time for monitoring the integrity of the channels by measuring the
humidity and temperature of the gas.

There are spaces under the bottam and over the top plates for placing
heat carrier pipes on routes fram the separator drums (BS) and distributing
collectors to each channel.

- ——
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A robot - a loading and unloading machine (RZM) -~ after removal of the
appropriate section of the plating and after being moved to the coordinates
of the channel links with its head, balances its pressure with the pressure
of the channel, unseals the channel, removes the burned-ocut (fusl elements
(TvS) and replaces them with a fresh one, seals the channel, uncouples
itself and transports the irradiated TVS to a holding tank. While the RZM
is connected to the cavity of the channel (TX), a small flow of pure water
passes from it through a thenwhydraulic seal into the TX, creating a
*barriex" to the penetration of the RZM by hot, radicactive water from the
o

The system for ocontrol and protsction (SUZ) of the reactor is based on
movement of 211 solid absorber rods in specially isolated channels cooled

with water of an independént duct. The systam provides: autamtic
adjustment to a specified power level; a rapid reduction of the power level

b:)adjust:mtto;y/bothmdsofautamticmuhm (AR) and rods of manual

regulators (RR) according to malfunction signals fram the basic equipment;
mmmmofmmmwwm@
rods according to signals of dangercus deviations of the parameters of the
v 't or malfunctions of the equipment; campensation for reactivity
variations in heating up and emergence at power; regulaticn of the
distribution of the release of energy over the action zone,

REMK reactors are equipped with a large mmber of independent control
systems, which are being woved into the active zone at a rats of 0.4 m/s in
functioning of the AZ. The low rate of movement of the control systems is

campensated for by the large mumber of systems.

o U—————
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The SUZ includes subsystams for local autamatic oontrol (LAR) and local
emergency protection (LAZ). Both operate according to signals of ionization
chambers inside the reactor. The 1AR autamatically stabilizes the
fundamental harmonics of radial-azimuthal distribution of the release of
energy, while the LAZ provides emergency protection of the reactor against
exceeding the specified power of channel cartridges in reactor individual
areas. Shortened abscrber rods (USP) introduced into the zone fram the
bottom (24 rods) are included for controlling the power fislds along the

—_—’__-____’.’—_’
height of the reactor.

e e~ —n - e
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The RBMK-1000 reactor includes the following basic monitoring and

P . -
ogu:ol systems in addition to the SUZ: PY"\“’K“

\\(/,
1) a system for physical monitoring of the field of the relsase of
encrgy along the radius {(more than 100 channels) and the height (12

channels) by means of direct charging pickups;

2) a start-up monitoring system (neutron flux monitors, start-up
fission chambers);

3) a systam for monitoring the water flow rate along each channel with
ba. Ilowmeters;

4) a system for monitoring the integrity (KGO) of the fuel elaments
based on measuring the short-time activity of volatile fission products in
water-steam lines (PVK) at:._the cutlet fram each channel; the activity is
detectad sequentially in each channel in appropriate optimm energy ranges
("windows") with a photamltiplier, which is moved from ane PVK to another
by a special carriage;

5) a system for monitoring the integrity of the channels (KTsTK) by
measuring the humidity and the tewperature of the gas flowing in the
channels.

All the data pass t0 a caputer. The information is given out to the
opesrators in the form of deviation signals, indications (on call) and data
of recorders.

The REMK~1000 power units operate primarily in a base-load mode (at
constant power output).
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In view of the great power of the unit, a full sutomatic shut-down of
the reactor occurs only if indicators of the power level, pressure or water
level in the separator pass beyond acceptable limits, in a case of a general
cut-off of electric current, disconnection of two turbogensrators or two
main cooling pumps at ance, a drop in the fesdwater flow rate by a factor of
more than 2, or full cross-sectionsd rupture of the main ocutlet pipecf
cooling pumps with a diameter of 900 mm. In other cases of equipment
failures, anly an autamatic controlled reduction in power (to a level
corresponding to the power of the equipment which has remained in operation)
is envisaged. )

1.3. Basic Physical Characteristics of the Reactor

The REBMK-1000 muclear power reactor is a hetsrogensous thermal channel
reactor, in which uranium.dioxide weakly enriched in regard to uran.wn-235
is used as fuel, graphite is used as moderator and boiling light water is
used as the heat-transfer mediun, The reactor has the following basic

characteristics:

Thermal power 3200 MW :
Fuel enriclment 2,08 '
Uranium mass in a cartridge 114.7 kg
Nurber/diamster of fuel 18/13.6 mn

elaments in TVS _‘

w N [

Depth of fusl burnup 20 MW day/kg 'LO‘U\DO"‘J‘/“L
Coefficient of non~unifommity of 1.48

release of energy along the

radius
Coefficient of non-uniformity of 1.4

release of energy along the
height



Calculated maximm power of 3,250 ki

channel
Isotopic canposition of
unloaded fuel:
uranium=-235 4.5 kg/t
uraniun-236 2.4 Xg/t
plutonium=-239 2.6 kg/t
plutoniun-240 1.8 kg/t
plutonium-241 0.5 kg/t 3 -
- anlve
Void reactivity coefficient 2.0 x 10 “/voL.8 stean | [0
at a working point v -
Fast power reactivity coefficient -0.5 x 10" /M4 [ re 5)
at a working point e :
Coefficient of expantion fuel , . -1.2x10°/ %
terperature coefficient . '
Coefficient of expantion graphite © 6x10°/%
tamperature coefficient .
Minimm “weight® of rods of SUZ, &K 10.5% 'D/olc/ﬁl:"-
Etfectiveness of rods of RR, AK 7.5%
Effect of replacement-(on the average) 0.02%

of the burmup TVS with fresh

An important physical characteristic fram the point of view of control
uﬂnfctyofﬂnroactorisava]necauadﬂugenungmcuvigxm:gin.
The operating reactivity margin means the specific number of SUZ rods
plunged into the active zone which are in a region of high differential

ficiency. It is detemmined by recalculation for fully submerged SUZ rods.

The value of the reactivity margin for REMK-1000 reactors is generally
muwm. In this case, the rate of introduction of a
negative reactivity in functioning of the AZ amounts to 1 'Q"/s ¢" is the
proportion of delayed neutrons), which is sufficient for campensation for
positive reactivity effects.
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The character of the dependence of the effectiveLhroding coefficient
on the density of the heat-transfer medium in REMK reactors is determmined to
a great degree by the presence of absarbers of different kinds in the active
zone. In initial charging of the AZ, which includes about 240 boron- " T 9
containing additional absorbers (DP), dehydration results in a negative \1\3\‘) ¢
reactivity effect.

At the same time, a small increase in the steam content at naminal

. ,f,\)c, v&

power with a reactivity margin of 30 rods results in an increase in
reactivity ( =2.0 x 16 /vol.\ steam).

For a boiling water-graphite reactor, the basic paramstexrs which define
its ability to properly operate and safety in ths regard to tharmal
equipment are: the temperature of the fuel elements, the margin before the
a crisis of heat trmw(ggmn. and the graphite temperature.

A set of computer codes which makes it possible to conduct operating
calculations on station camputers for ensuring plant reliability of thermal
equipment of the powerplant in a mode of continuous reloading of fuel at any
position of the cut-off and control valves at the inlet to each channel has
bean developed for RBMK reactors. Thus the possibility of determining the

3} sical parameters of the reactor at variable &wofﬂnadjmt'

of channel flov rates and different control criteria (handme}glé ether
ocutlst steam quality or on the margin of the critical power) and also as a
function of the throttling of the active zone is provided.

For defining the fislds of ths releass of energy over the active zone
of a reactor, indications of the physical monitoring system, based on
measurarents of the neutron tl.walmgtlundiusandhdghtofthﬁactive

P s s
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zone taken inside the reactor, are used. In addition to indications of the
physical monitoring system, data characterizing the cmﬁbsitim of the
active zone and the energy generation of each TK, the arrangement of the
regulating rods, the distribution of water flow rates along channels of the
active zone and readings of gages of the pressure and temperature of the
heat-transfer madium re also entered into the station computer. As a result
of calculations by the PRIZYA program performed pericdically by the
camputer, the operator receives information on a digital printing device in
the form of a cartogram of the active zone, which indicates the type of
ludh'qofthea;tivem,ﬂnmamtotzegmumm,ﬂnm

the arrangement of pickups inside the reactor, and the distribution of
power levels, water flow rates, reserves up to critical powers and reserves
up to the maximm acceptable thermal loads an the fusl elements in regard to
ndxﬁnldmwlofﬂnm. The station camputer also corputes the
averallmemalpmrofﬁnmctor,thedistﬂbutimo!ﬂowr‘ausofthe
stexnwater mixture among the separators, the integral generation of power,
the steam content at the ocutlet frum each TK and other parzmeters nacessary
for monitoring and cantrolling the installation.
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The experience of operation of active REMK reactors indicates that with
the means for monitoring and control available on these reactors, maintain-
ing temperature conditions of the fuel and the graphite and reserves before
a crisis of convective heat transfer at an acoeptable level causes no
difficulties.

1.4. Safety Assurance Systeams (Figs. 2 and 3)

1.4.1. Protactive Safety Systems

Ths system for emergency cocoling of the reactor (SAOR) is a protective
safety system and is intended for providing elimination of the residual
release of heat by prampt feeding of the required amount of watexr into
reactor channels in accidents accampanied by disruption of cooling of the

g g e o

S

active zone,

Such accidents include: ruptures of large~diameter KMPTs pipelines,
ruptures of steam lines, and ruptures of feedwater pipelines.

The system for protection against an excess of pressure in the main [\K/ \V.
A
beat carrier duct is intended for providing an acceptable pressure level in Pv‘z'(;fajf

the duct &ue to removal of steam into a perforated sprayer tank for its

e e e

a ensation. sui?m(ﬂo- i")obl
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The system for protection of the yeactor space (RP) is intanded for
ensuring that an accsptable pressure is not exceeded in the RP in an
amergency situation with rupture of one operating channel due to remowval of
the steamgas mixture from the RP into the scresn Of staargas discharges of
the sprayer tank and then into the sprayer tank with simultanecus
extinquishing of the chain reaction with the A2 facilities. The SAOR and
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the system for cooling the reactor space can be used for introducing the
appropriate neutron absorbers (salts of boran and He).

1.4.2 Localizing Safety Systems

The system for localization of accidents (SIA) realized an the fourth
unit of the ChAES is intended for localizing radicactive discharges in
accidents with unsealing of any pipslines of the reactar cooling duct except
the PVK pipelines, the top tracts of the oparating channels and that part of
the down pipes which is located in the separator drum compartrent, and
pi- ~“lines for steamgas discharges fram the FP.

The main camponent of the localization system is a system of airtight
campartments, including the following campartments of the reactor division:

- tightly packed cells arranged symmetrically in relation to the
reactor axis and designed for an excess pressure of 0.45 Mpa:

- campartrents of separator group collectors (RGK) and bottom water
lines (NVK); these campartments do not psmmit an increase in excess pressure
above 0.08 MPa according to the conditions of strength of camponents of the
resctor structure and are designed for this value.

Campartments of tightly packed cells and the stemn distributor corridor
are connected to the water spacs of the perforated sprayer condensation
device by stsam outlet channels.

The cut-off and sealing ammature system is intended for providing
airtightness of the zone of localization of accidents by cutting off
cammunicating lines connecting the sealed and unsealed compartments.

S g v
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The bubbling condensation device is intended for condensation of steam
formed:

= in the process of an accident with unsealing of the reactor contour;
~ in functioning of the main safety valves (GPK);
= in leaks through the GPK in a nommal operating mode.
1.4.3. Security Safety Systems
The AES Power Supply

~ Electric power users at an AES are divided into three groups, depending
" on the requirements placed on the reliability of the power supply:

1) uurs\mocannotpemitinumxpumofthetudtormsofa
second up to a few seconds under any conditions, including conditions of a
total disappearance of alternating current voltage fram working and back-up
transformers for system needs, and who require the cbligatory presence of a
power supply after functioning of the reactor AZ;

2) users who can accept a power interruption of tens of seconds up to
tans of minutes undar the same conditions and require the cbligatory

O pmotamxmlyafurmuaungofﬂnmctorm;

3) users who do not require the presence of a power supply in condi-
tions of a disappsarance of voltage fram working and back-up transformers
for system needs and in a normal model of operation of the unit can pemmit
interruption of the supply for the time of transfer fram a working to a
back-up transfoomer for system needs.
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1.4.4. Controlling Safety Systems

Controlling safety systams are intended for automatic engagement of
devices of protective, localizing and security safety systams and for
monitoring of their operation.

1.4.5. The Radiation Hmito;ing Systenm

The AES radiation monitaring system is a camponent (subsystem) of the
AES automatad control system and is intended for collection, processing and
display of information concerning the radiation situation in compartments of
tly \ES and in the external enviramment, the condition of cperating
twihﬁuuﬂ&ch,uﬂkrﬁadmdouawmmlmwmwkh
active normms and legislation.
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1.4.6. AES Control Points

Control of the AES is carried an at two levels: station and plant.

All the control systams which ensure safety of the AES are located at
the plant level.

1.5. Description of the Area of the Chermobyl®' AES
and the Areas in which It is located

1.5.1. Description of the Region

The Charncbyl® AES is located in the eastarn part of a large region
known as the Belorussian-Ukrainian Alluvial Plain, an the banks of the
Pripyati River, which flows in the Dnepr. This region is characterized by a
relatively flat relief with very slight surface slopes in the direction of
the river and its trilutaries.

The total length of the Pripyati up to its flow into the Dnepr is
748 km; the area of the drainage basin at the AES site is 106 thousand km ,
and the width is 200-300 m. The average flow speed is 0.4-0.5 m/s, and the
average water flow rate over many years is 400 u‘la.

The water-bearing level, which is used for damestic and drinking water
needs of the region in question, lies at a depth of 10~15 m in relation to
the current depth of the Pripyati and is separated from Quaternary deposits
by clay marls which are relatively impemmesble to water.
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The region of the Belorussian-Ukrainian Alluvial Plain as a whole is
characterized by a low population density (before the beginning of
constructicn of the Cherncbyl' AES, the average population density in the
region in question was approximately 70 people per km ).

At the beginning of 1986, the total population in a 30-kilametsr zone
around the AES amounted to about 100 thousand pecple, of wham 49 thousand

lived in the city of Pripyati, located west of the three-kilcmster sanitary-
.—__'—""’_—-.—-——_——\
protection zone of the AES, while 12,5 thousand lived in the

center, the city of Cherncbyl', located 15 km to the scutheast of the AES,

1.5.2. Description of the AES Areas and Its Structures

The first phase of the Cherncbyl' AES, camposed of two power units with
REMK-1000 reactors, was built in the period of 1970-1977, and construction

ofmmrurutsofaoééordpmumcmpletedatthemsitebythe
end of 1983.

Construction of another two power units with reactors of the same kind

(the third phase of the AES) was begun 1.5 km scutheast of this site in
1981.

To the scutheast of the AES site, right in the valley of the Pripyati
Rivar, a water cooling pond was built with an area of 22 km'; the pond
provides cooling of turbine condensers and other heat exchangers of the
first four power units. The normal petaining level of water in the cooling
pond was adopted as 3.5 m below the grading mark of the AES sits.

ey
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Two high-capacity ocooling towers (a hydraulic load of 100 thousand m /h

each), which can operate parallel with the cooling pond, are being huilt as
part of the third phase of the AES,

To the west and north of the site of the first and second phases of the
AES is the area of the canstruction base and the supply department.

1.5.3. Data on the Nunber of Personnel at the AES
Site During the Accident

There were 176 duty cperating personnel and, also, other workers of
various shops and repair services at the site of the first and second phases
of the Cherncbyl' AES on the night of April 25 and 26, 1986.

In addition, 268 construction workers and asserblers were working on
the night shift at the site of the third phase nf the AES,

1.5.4. Information About the Equipment at the Site Which Operated
Together With the Damaged Reactor and About the BEquipment
Used in the Process of the Overcaming the Accident

Construction of the Cherncbyl' AES is carried cut in phases, which each
consist of two power units and have special water purification systems

O camon to the two units and have special water purification systems comnon
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to the two units and auxiliary structures and the industrial site which

include:
« storage for liquid and solid radiocactive wastes;
- gopen distributor devices;
= gas equipment;
~ back-up diesel generator power plants;
-~ hydraulic engineering and other structures.

The storage for liquid radicactive wastes, built as part of the second
phase of the AES, is intended for cpllection and temporary storage of liquid
x “loactive wastes arriving in operation of the third and fourth units and
for collection of water fmqnntiau;flushimuﬂiﬂmtor
reprocessing. Liquid radiocactive wastes pass fram the main housing by
pipelines laid on the bottam level of a scaffold, while the solid
radicactive wastes cane to-the storage by the top corridor of the scaffold
by electric trucks.

A nitrogen-oxygen station is intended for satisfying the needs of the
third and fourth units of the AES,

The gas equipment is made up of campressor, electrolysis, helium and
« jon tank equipment intended for providing the third and fourth units of
ths AES with campressed air, hydrogen, helium and argon. m..tvmfor
storing nitrogen and hydrogen are located in open areas.

A back-up diesel power plant (RDES) is an independent emergency source

of electric power for systams important to the safety of each unit. Three

Wtbamﬁtmxofs.smmeMmmmof
the third and fourth units. Intermediate and base dissel fusl depots, pmp

P
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transfers of fuel, and emergency fuel and oil drainage tanks are included
for ensuring operation of the RDES.

The source of the technical water supply for the third and fourth units
is the cooling pond.

The water ¢~ the circulation pump house, vhich is unified for the third
and fourth units, is fed into a delivery tank, from which it passes by
gravity flow into the turbine condensers.

Separate water works of the third and fourth units are included for
s lying technical water to important users wvho require an uninterrupted
vater supply. A back-up power supply from diese! generators is available
for these water works.

All four power units of the first and second phases and aaxiliary
systems and industrial area facilities involved with their normal operation

were working on April 25, 1986.

T e ———
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QHAPTER 2. CHRONOLOGY OF THE DEVELOPMENT OF THE AOCIDENT

The Cherncbyl' Powerplant No. 4 was put into operation in December,
1983. By the time of stopping of the plant for a medium repair, which was
planned for April 25, 1986, the active zane contained 1659 TVS with an
average burmup of 10.3 M4 day/kg, 1 DP and 1 unloaded channel. The main

part of the TVS (75%) were cartridges of the first loading with a burmp of
12-15 MW day/kg.

Tests of turbogenerator No. 8 in a runout mode with the auxiliary
consumption 1oad only internal needs ware planned just before stopping. The
purpose of these tests was to experimentally verify the possibilities for
using mecianical inertia energy of the rotor of a turbogensrator discon-
nected fram steam supply,.in order to generate electricity for auxiliary
motors what may be required if the turbogenerator is disconnected from an
electric grid. This mode is used in one of the subsystems of the high-speed
systam for amergency cooling of the reactor (SAOR). With the proper order
of performance of the tests and additional safety measures, the performance
of tests of this kind on a working AES was not prohibited.

Such tests had already been parformed previcusly at this station. It
was established at that times that the voltage on the genarator busses drops
much before the mechanical (inertia) energy of the rotor in rumning down.
In the tests scheduled for April 25, 1986, ths use of a special system to.
mlmhmofmmﬂctmaofmm,mem
eliminatad this shortcaming, was planned. However, the “Working Program of
Tests for Turbogenerator No. 8 of the Chermcbyl' AES" in accordanck with
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vhich the tests were to have been conducted was not prepared and approved in
the proper way.

The quality of the program proved low; the section on safety measures
included in it was camposed purely as a matter of forn. (It pointed ocut
only that in the process of tests, all switching is done with the
authorization of the station shift director; in case of develomment of an
amrgency situation, all personnel must act in accordance with local
instructions; and just befaore the beginning of the tests, the test leader -
an electrical engineer, who is not a specialist on reactor installations -
briefs the watch on duty.) In addition to the fact that the programs
essentially included no additional safety measures, it prescribed
digsengaging the system faor emergency cooling of the reactor. This meant
that throughout the period of the tests, i.e., about 4 hours, the safety of
the reactor appears to have been lowered significantly.

On the strength of the fact that the proper attention was not devoted
to the safety of these tests, the personnel were not ready for them and did
not know about the possible dangers. In addition, as cne will be able to
see from what follows, personnel deviated fram carrying out the program,
* reby creating the conditions for development of an emergency situation.

The personnel started to reduce the power cutput of the reactor, which
had been operating at naminal parameters, at 1:00%1«1@11 25, and at
1:05 PM turbogenerator No. 7 (TG No. 7) was disconnected fram the grid at a
reactor themmal cutput of 1600 MA. The electric power supply for the
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auxiliaries (4 main cooling pumps, 2 feed water pumps) was transferred to
the busses of turbogenerator No. 8.

The SAOR was disengaged fram the KMPTs at 2:00 PM in accordance with
the test program. However, taking the unit out of operation was delayed
according to a request from the dispatcher centre. Operation of the plant
continued at this time with a disengaged SAOR in violation of the

regqulations.

The turbogenerator was contimied at 11:10 PM. In accordance with the
test program, the runcut of the generator with a load of the plant
auxiliaries was to be conducted at a reactor power of 700-1000 MW (thermal).
However, with disengagement of the LAR (Local autamatic control) system,
which was necessary for opération of the reactor at a low power cutput, the
operator was not able to eliminate the imbalance of the measurement part of
the AR (autamatic requlator) which developed quickiy encugh. As a remilt,
mpaardmppedeoa"um below 30 MW (thermal). Only by 1:00 AM on
April 26, 1986, did the personnel manage to stabilize it at & level of 200
MA (thermal). In connection with the fact that -&%ﬁé&“& the
-Jactor continued during this period, further raising of the power was
rendered difficult due to the small cperating reactivity margin, which was
substantially below the required level by this mament.

Nevertheless, it was decided to perfomrm the tests. At 1:03 and 1:07
AM, two more main coding pumps, ane from each side wers engaged in addition
to the six pumps which had been operating, so that after the end of the
experiment, in which four pumpe were to operate to support the runout mode



23
of operation, four punps would remain in the forced circulation loop (KTPT)
reliable cooling of the active zone.

Since the reactor power and, consequently, the hydraulic resistance of
the active zone and the KMPTs were substantially below the planned level and
all the eight pamps v 2 in «_ vation, the total flow rate through the
reactor increased to (56-58) x 10 mP/h and the rate in regard to an
Individual pump increased to 8000 m°/h, which is a violation of the
coperating requlations. Sudxamdeofq?eratim is prohibited due to danger
of interruption of the pump operaticn and the possibility of development of
vibrations of the main feed water lines as a result of cavitation.
Commection of the additional pumps and the increase in the water flow rate
through the reactor caused by this resulted in a decrease in steam
generation a drop in the gteam pressure in the separators and changes in
other parameters of the reactor. The operators tried to maintain the
following basic reactor par;meters manually: the steam pressure and the
water level in the separators however, they were not able to acconplish this
fully. Dips in steam pressure by 0.5~0.6 MPa and dips in the water level
below the amergency point were cbserved in the separators during this

ricd. In order to avoid shutdown of the reactor under such conditions,
personnel blocked the emergency protection signals in regard to these
par.neters.} .

Mearwhile the reactivity of the reactor continued to drop slowly. At
CT—— t

1:22:30 AM, the opsrator noticed on the printout of the program for quick
evaluation of the reactivity margin reserve that the operating reactivity
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margin was at a value requiring shutdown of the reactor. Nevertheless, this
did not stop the personnel, and the tests began.

At 1:23:04, the smutdown control valves {(SRK) of turbogenerator No, 8
were closed. The reactor continued operating at a power of about 200 M-
(thermal) . The available emergency protection for closing the SRK of the
two turbogenerators No. 7 had been disengaged during the aftexrnoon of April
25, 1986) was blocked in order to have the possibility of repeating the
test, if the first attampt proved unsuccessful. Thus another departure had
heen made fram the tasting program, which did not envisage blocking the
* emergency protection of the reactor with respect to disengagement of two
turbogenerators.

A slow increase in power began sare time after beginning of the test.

At 1:23:40 the shift manager of the; plant gave the camnand to press
pushbutton Az-5, on a signal mmmulcmtmlmdlmdangawy
protection rods are insertad into the active zane. The rods went down,
although impacts were heard, and the operator saw that the absorber rods

opped without reaching ths bottom ends. Then he cut off the servodrive
ocouplings, so0 that the rods fell into the active zone by their own weight.

According to the evidence of witnesses who were cutside the fourth
plant, two eplosiocns were heard, one after another, at 1:24; sane kind of
hot fragments and sparks flew up above the fourth plant, scme of which fell
on the roof of the turbogenerator room and started a fire,
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CHAPTER 3. ANALYSIS OF THE PROCESS OF THE DEVELOPMENT OF THE
ACCIDENT ON A MATHEMATICAL MODEL

The “Skala" centralized monitoring system (STsK) of the REMK-1000
reactor includes a program for diagnostic recording of parameters (DREG),
according to which several mmdred analog and discrete parameters are
exanined and stored periodically with a specified cycle (the minimum cycle
time is 1 8).

} In connection with performance of the tests, only those parameters
vwhich were important fram the point of view of analysis of the results of
the tests being performed were recorded with high frequency. Therefore,
reconstruction of the proesss of development of the accident was performed
by calculation on a mathematical model of the power unit with the use not
only of printouts of the DREG program but also of readings of instruments
and the results of questioning of personnel.

An integral mathematical model of a power unit with an REMK-1000
O:“ Stor, realized by camputer in real time, was used for providing
accelerated analysis of varjations and versions of the amergency situation
in question. Dependences of reactance on ths steam content and movement of
the absorber rods were defined accarding to results of calculations on
distrituted, including three-dimensicnal, neutron-physics models.

In calculation reconstruction of the process of dsvelopmsnt o_f the
accident, it was extremely important to make sure that the mathematical

W TR
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model of the power unit accurately describes the behavior of the reactor
and the other equipment and systems under just those conditions making up

the situation just before

the breakdown. As already mentioned in the previous section, the reactor
was operating in an unstable manner after 1:00 AM on April 26, 1986, and
the cperators were introducing "disturbances™ into the control aobject
practically continuously for stabilizing its parameters. This made it
possible to campare actual data recordesd with adequate reliability by
recording devices to data optained in numerical simulation for quite a
‘arge time interval under varicus effects on the reactor installation. The
’ccnpuison results proved quite satisfactory, which attests to the adequacy
of the mathematical model and the real cbject.

mordertopment_ttxeeffectofpremmmmduracu:of
development of the accident more clearly, we shall analyze the calculation
data beginning fram 1:19:00 AM, i.e., 4 minutes before the beginning of the
test with rundown of the TB (Fig. 4.). This moment is convenient in that
the operator began one of the operations for replenishment of the separator
drums (the secand since 1:00), which introduced strong disturbances into
the regulation object. At this moment, the DREG program recorded the
positions of rods of all three AR; i.e., the initial conditions for the
calculation were clearly recorded.

The operator began replenishment of the separator drums to avoid
allowing a dip in the water level in them. He succesded in maintaining the
level in 30 s, having increased the flow rate of feedwater by a factor of
more than 3. The operator apparently decided not only to maintain the
water level but to raise it. Therefore, he continued .Mus:l.ng the water
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flow rate, and it exceeded the original flow rate by a factor of 4 in just
g!:axt a mimite.

As soon as colder water fram the separating drums reached the active
zcne, steam generation decxessed noticaibly, causing a decrease in the
vohltetxic steam content, which resulted in movement of all the AR rods
updard In about 30 £ they emerged at the top ends, and the operator was
£orcadto'help thes with mamual control rods, thereby reducing the
q:exatmgreacwm:esexve (This operation was not recorded in the
cp-tatim log, ub it would have been impossible to maintain power at a
;avel of 200 MW .ithout it.) The operator, having moved the manual rods
pp,acm:vadtdmsatim,mdmeofﬂagmupsofm:odsmlwed
i:}l.sm.

The de rease in steam generation led to a small pressure decrease.
After abo?. a minute, at 1:19:58, a high-speed reduction device (BRMK]},
through fhich steam surpluses were released into the condenser, was closed.
This pramoted same decrease in the rate at which the pressure was dropping.
Hovev.r, the pressure continued to drop slowly up to the beginning of the
test. Itdlmgedbymxeﬂuno 5 MPa during this period.

- «4~--..(

Apxintm;#t{nm}fumofmlmofautgyuﬂﬂe
miﬁmofdlﬂnmuhﬂmndawobuﬂndmﬂn *Skala” STeK at

1:22 30. An qtt-wt m bnnm at Pfying together” the calculated and
naoded neut:m ﬂ.llﬂt by just tbis mament ..

l‘p avezall ctnnctaristic. of the neutron field at this maument were
u £ollm: #t m practically arched in a radialazimuthal direction and
dmble-paakaﬂ, on the average, in regard to height, with a highex release

rpems
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of energy in the top section of the active zane. Such a field distribution
is

quite natural for the situation of the reactor: a depletaed active zone, =
almost all the requlation rods up, a voluretric steam content significantly
higher in the top part of the active zane than at the bottom, contamination
wit.husxehigher:\ntheoentral.partsofﬂxemctorﬂaninﬂupe:iplmal »

parts.

The reactance reserve amountsd to a total of $86 rods at 1:22:30.

This value was at lease two time lower than the minimum acceptable reserve
established by technical operating regulations. The reactor was in an
unusual, nonregulation candition, and for evaluating the subsecquent
development of events, it was extremely important to determine the
differential efficiency o;.‘ rads for regulation and emergency protection in
real neutron fields and the fission characteristics of the active zone.
Nurerical analysis indicated high sensitivity of the error in determining
the efficiency of the regulation rods to the error in reconstruction of the
vertical field of releases of energy. If one takes into account in
addition that at such low power levels (about 6-78), the relative field

asurement error is substantially higher than under naminal conditions,
the need for analyzing an extremely large mumber of calaxht.im versions to
ascertain the reliability or inaccuracy of same version becames clear.

The reactor parameters were closest to stable for the time periocd in
question by 1:23, and the tasts began. A minute before this, the operator
sharply reduced the feedwater flow rate, which occasioned an increase in
the water tamperature at the inlet to the reactor with a delay equal to the
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time of passage of the heat-transfer medium fram the separator drums to the

TRaACtor.

At 1:23:04 the operator closed the SRK of TG No. 8 and began rundown of the
turbogensrator. Due to the decrease in the flow rate of steam fram the
separator drums, its pressure began to increase slightly (at a rate of 6
kPa/s, an the average). The total water flow rate through the reactor
began to drop due to the fact that four of the eight GTsN were working off
the turbogenerator which was "running down.®

The increase in the steam pressure, on the cne hand, and the decrease
in the water flow rate through the reactor and also in the feedwater supply
to the separator drums, an the other, are campeting factors which determine
the voluretric steam content and, consequently, the power of the reactor.
It should be amphasized in particular that in the condition at which the
reactor arrived, a small change in the power results in a situation where
the volurnetric steam content, which directly influences reactance, increase
many times more sharply than at naminal power. The campetition of these
factors led in the final analysis to a power increase. Just this situation
could be the cause for pressing button A2-5,

Pushbutton AZ-5 was pressed at 1:23:40. Insertion of emergency
protection rods began. By this time, the AR rods, in partially
canpensating for the previous increase in power, were already located in
the bottam part of the active zone, while the work of personnel with an
unacceptably low operating reactance reserve resulted in a situation where
practically all the other abscxber rods were located in the top section of

the active zone.
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Under the conditions which had been created, the disruptions pe.mitted-
by the personnel resulted in a significant decrease in

the efficiency of the emergency protection. The total positive reactance
developing in the active zone began to increase. After 3 s the power
exceaded 530 MW, and the runaway period came to be much less than 20 s.
The positive steam effect of reactance pramoted deterioration of the
situation. Only the Doppler effect partially campensated for the reactance
introduced at this time.

The contimuing decrease in the water flow rate through the operating
channels of the reactor under canditions of an increase in power led to
intense steam formation and then to a crises of convective heat transfer,
heating up of the fuel, its disintegration, rapid boiling of the heat-
transfer agent, into which particles of disintegrated fuel were falling, a
sharp increase in pressure in the operating channels, rupture of the
channels and a thermmal explosion, which destroyed the reactor and part of
the structural camponents of the building and led to the release of active
fission products into the enviromment.

Disintegration of the fuel was simulated in the mathematical model by
a sharp increase in the effective heat-transfer surface area, vwhere the
specific release of energy in the fuel exceeded 300 cal/g. At just this
time, the pressure in the active zone increased to the extent that a sharp
decrease in the water flow rate fram the GTsN occurred (the check valves
closed). This can be seen clearly both fram results cbtained on the
mathematical model and from measurement results recorded by the DREG
program. Rupture of the operating channels alone led to partial
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reconstruction of the flow rates fram the GTsN, although water passed fram
them into the reactor

space as well as into the surviving channels.

The steam formation and the sharp temperature increase in the active
zane created the conditions for steam-zirconium and other exthermic
chamical reactions. Witnesses cbserved their appearance in the form of
fireworks of flying hot and glowing fragments.

A mixture of gases containing hydrogen and carbon monaxide capable of
thermal explosion in mixing with air oxygen was formed as a result of these
-eactions. This mixing could occur after unsealing of the reactor space.

a




32
CHAPTER 4. CAUSES OF THE AOCIDENT

As the analysis presented above demonstrated, the accident at the
fourth unit of the ChAES belongs to the class of accidents involved with
introduction of excess reactance. The design of the reaction installation
included protection against accidents of this type with consideration for
the physical features of the reactor, including the positive steam
coefficient of reactance.

The technical protection facilities include systems for control and
protection of the reactor against a power excess and a decrease in the
runaway period, blocking and protection against malfunctions or switching

. the equipment and systems of the power unit, and a system for emergency
cooling of the reactor.

Strictmlesmﬂangrderforamductjngﬂncpentmgmsatme
AES, defined by power unit operating regulations, were also included in
addition to the technical protection facilities. Requirements concerning
the unacceptability of a decrease in the operating reactance reserve below
30 rods are among the most rules,

In the process of preparing for and conducting tests of a
turbogenerator in a rundown mode with a load of systam auxiliaries of the
wnit, the personnel disengaged a mumber of technical protsction devices and
violatad the important conditions of the cperating regulations in the
section of safe performance of the operating process.

The table presents a list of ths most dangercus violations of
operating conditions camnittad by personnel of the fourth unit of the
ChAES.



No.

Violation

Decrease in the
operareactance
reserve
significantly below
the acceptable value

Power dip below
value envisaged by
testing program

rates established by
regqulations in
regard to individual
GTsN

Blocking of reactor

protection on signal
for shutdown of two

b\ C)

Blocking of
protection in regard
to water level and
steam pressure in
separator drum

Disengagement of
system for
protection against
maximgn theoretical
failure
(disengagement of
SAOR)
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Motivation

Attempt to get cut
of "iodine pit”

Operator error in
disengagement of LAR

Fulfillment of
requirements of
testing program

B "

P

Intention to repeat
experiment with

disengagement of TG
if necessary

Attempt to conduct
tests despite
unstable operation
of reactor

Attenpt to avoid
false response of
SAOR during
pexrformance of
testing

Results

Emergency protection
of reactor proved
ineffective

Reactor proved to be
in hard-to-control

state

Tamperature of heat-
transfer medium of
KMPTs came close to
saturation

temperature

Loss of possibility
of autamatic
shutdown of reactor

Protection of
reactor in regard to
thenmal ‘parameters
was disengaged

loss of possibility
of reducing scale of
accident

The basic motive in the behavior of the personnel was the attempt to
caplete the tests more quickly. Violation of the established order in
preparation for and performance of the tests, violation of the testing
program itself and carelessness in control of the reactor installation

attest to inadecuate understanding on the part of the personnel of the
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features of accamplistment of operating processes in a nuclear reactor and
!-othetr loss of a sense of the danger.
" fhe developers of the reactor installation did not envisage the
creation of protective safety systens capable of prevanting an

sccident in the presence of the set of premeditated diversions of technical

Mm facilities axd violations of operating regulations which
occurred, since they considered such a set of events impossible.

An extremely improbable cambination of procedure violations and
operating conditions tolerated by personnel of the power unit thus was the
criginal cause of the accident.
| The accidept toock on catastyophic dimensions in connection with the
fact that the-reactor was brought by the personnel to a condition so
contrary to regulations that the effect of a positive reactance coefficient
on the pofer build-up was intensified significantly.

L TSI

-4
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5. INITIAL MEASURES TO INCREASE NUCLEAR POWER PLANT

SAFETY WITH RBMK REACTORS

A decision has been made to reset temminal breakers of control rods on
working muclear power plants with RBMK reactors such that in the outemmost
position all rods are inserted into the core to a depth of 1.2 m. This
measure increases the response efficiency of protection and precludes the
possibility of the miltiplication properties of the core fram increasing in
its lower part when the rod moves from the upper end piece. At the same
time a number of absorber rods constantly in the core increases to 70 - 80;
this reduces the steam void effect of reactivity to an allowable value.

is is a tamporary measure and in the future it will be replaced by
converting RBMK reactors to fuel with initial enrichment 2.4% and placing
additional absorbers in the core vwhich ensure that positive coastdown of
reactivity not exceed mre- than one beta for any change in coolent density.

A nunber of additional signallers of the cavitation reserve of reactor
coolant purps and an autamatic system for omwtin; reactivity reserve with
output of an emergency reactar shutdown signal when the reserve drops below
a given level are being installed. These measures have a scmewhat adverse
effect on econamic indicators of muclear power plants with RBMK, but
guarantee the necessary safety.

In addition to technical measures arganizaticnal cnes to strengthen
plant discipline and increase operating quality are being implementaed.
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6. PREVENTING DEVELOPMENT OF AN ACCIDENT AND REDUCING ITS OONSEQUENCES

6.1 Fire Fighting on a2 Nuclear Power Plant

The primary task after a reactor accident was to control the fire.

As a result of explosions in the reactar an ejection of core fragments
heated to high temperature onto the rooves of certain buildings of reactor
section services, the deaerator, stack and turbine room more than 30 fires
were started. Due to damage to individual oil lines, short circuits in

xctrical cables and intense thermal radiation fram the reactor fire foci
were formed in the turbine room above TG No. 7,in the reactor roam and the

partially destroyed compartments adjacent to it.

At cne hour 30 minutes, fire fighting units for mclear power plant
protection fram the cities of Pripyat' and Chernobyl arrived.

Due to the direct threat of the fire spreading over the cover of the
turbine roam to the adjacent third unit and its rapid intensification,
primary measures were directed at eliminating the fire in this sector.
1.res arising within campartments were fought using fire extinguishers and
ingide stationary fire cranes. By 2 hours 10 minutes most of the fires had
been put ocut on the roof of the turbine roam and by 2 hours 30 mimutes on
the roof of the reactor building. By 0500 the fire had been put cut.

6.2 Estimating fuel condition after the accident
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The accident led to partial destruction of the reactor core and
oamplete destruction of its cooling system. Under these conditions, the
state of the enviromment in the reactor shaft was determined by the
following processes:

- residual heat release of the fuel due to decay of fission products

= heat release due to different chemical reactions taking place in the
reactor shaft (hydrogen cambustian, graphite and zirconium oxidation, etc.);

- heat discharge fram the reactor shaft due to its cooling by flows of
atmospheric air through holes formed in sealed (before the accident) shells
surrounding the core.

To solve the prablem of preventing accident development and limiting
its consequences, during the first hours after the accident major efforts
were devoted to estimating the fuel state and its possible change as time
passed. To do this, the following analyses had to be done:

- estimate possible scales of melting (due to residual heat release) of
fuel in the reactor shaft;

- study processes of the interaction of molten fuel with reactor
structural materials and reactor shaft materials (metals, concrete and 80
farth) ;
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- estimate the possibility of melting of construction materials of the
reactor and the shaft due to heat release fram the fuel.

Initially camputations were done to estimate fuel state in the reactor
shaft with allowance for leakage of fission products (PD) depending on time
since the accident began.

Study of the dynamics of PD discharge fram the reactor during the first
few days after the accident nhowad' that the fuel temperature change as time
p~ssed was nomonotonic. It can be assured that there were several stages
in the temperature mode of the fuel. The fml'l’nat.edupatthe instant of
explosion. Temperature estimation frum the amount of relative leakage
(fraction of the isotope discharging fram the fuel fram its total content in
the fuel at a given point in time) of iodine radiamiclides showed that the
effective temperature of the fuel ram.imng in the reactor building after
the explosion was 1600 - 1800 X. During the next several dozen mimutes,
fuel tamperature dropped due to release of heat to the graphite structure
and reactor structures. This led to a drop in leakage of volatile FPD from
the fuel. |

Here it was considered that the mmount of PD discharge from the reactor
shaft was determined during this time mainly by processes of graphite
combustion and associated processes of migration of finely dispersed fuel
and PD introduced into the graphite by the accident explosion in the
reactor. Subsequently, the temperature of the fuel due to residual heat
release began to rise. As a result, leakage of volatile radionuclides
(inert gases, iodine, tellurium, cesium) from the fuel increased. With the
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subsequent temperature increase of the fuel leakage of other so~called

nonvolatile radionuclides began. By 4 - 5 May, the effective tenperature of

()

the fuel ramaining in the reactor unit stabilized and then began to drop.

The results of theoretical analyses of fuel state are shown in Fig. 5
which lists results which characterize residual radiomiclide content in the
fuel and also the temperature change of the fuel with allowance for leakage
of PD £rom it depending cn the time since the accident began.

Canputations showed:
- maximun fuel temperature cannot reach its melting point;

- the FD emerges onto the fuel circuits in batches; this can lead only
to local heatup on the fuel-enviromment boundary.

The PD escaping fram the fuel fall on structural and other materials
aurumdmgthereactorintreteactormutwcox;dirgtocmdemtionmd
precipitation temperatures of the fuel. BHere radiomuclides of krypton and
zenon escape fram the reactor unit almost campletely, the vohtih PD
(iodine, cesium) to sane extent and the others remain almost entirely within
the reactor building.

Thus the energy of the PD is dissipated throughcut the volume of the
reactor unit. |
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As the result of these factors melting of the medium surrounding the
fuel and fuel movement became of low probability.

6.3. Limiting the Accident Consequences in the Reactor Core

The potential of concentrating part of the molten fuel and establishing
conditions for formation of critical mass and a self-containing chain
reaction required measures against this danger. In addition, the destroyed
reactor was a source of emissions of a large amount of radioactivity into

the enviramment.

Imnediately after the accident, an attempt was made to reduce the
temperature in the reactor shaft and prevent cambustion of the graphite
structure using mergencyand auxiliary feedwater pumps to supply water to
the core space. This attempt was unsuccessful. ‘

Immadiately one of two decisions had to be made:

- localize the focus of the accident by filling the reactor shaft with
heat discharging and filtering materials;

- Allow cambustion processes in the reactor shaft to end naturally.
The first option was taken since in the second the danger of

radicactive damage to considerable areas with the threat to the health of
the populations of large cities arcee.
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A group of specialists in military helicopters began to drop boron
carpounds, dolamite, sand, clay and lead onto the damaged reactor. Fram
27 April to 10 May almost 5000 tons of materials were dropped, most fram
28 April through 2 May. As a result, the reactor shaft was covered by a
layer of loose mass which mwﬁely absorbed serosol particles. By 6 May,
the discharge of radiocactivity ceased to be a major factor, having dropped
to several hundred and by the end of the month dozens of curies per hour.
At the same time, the problem of reducing fuel heatup was solved. To reduce
taperature and oxygen concentration nitrogen fram a oampressor station was
sent into the space under the reactor ghaft,

By 6 May, the tamwperature increase in the reactor shaft stopped and
began to drop due to fommation of a stable convective air flow through the
core into the free atmosphere. As insurance against extremely improbable
(but possible during the first few days after the accident) failure of the
lower tier of structures, it was decided to immediatsly establigh an
artificial heat discharge horizon under the building foundation in the form
of a flat heat exchanger on a oconcrete slab. By the end of June the planned

work was finished.

Experience showed that the decisions made were primarily the right

From early May the situation had largely stabilized. Destroyed parts
of the reactor building were in stable positions. The radiation situation
following dacay of the short lived isotopes improved. The exposure rate was
single roentgens per hour in campartments under the reactor, in the turbine
roam and control panel conmpartments. Escape of radioactivity fram the unit
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into the atmosphere was due mainly to wind entraimment of aerosols. The
radiocactivity of the releases did not exceed dozens of curies per day.
Tamperature conditions in the reactor shaft were stable. Maximum
tanperatures of various sections were several hundred degrees C with a
steady trend towards dropping at a rate of roughly 0.5 degrees C per day.

The lower slab of the reactor shaft had been preserved and fuel was
localized mainly (roughly 96%) in the reactor shaft an in campartments of
staam water and lower steam service lines.

6.4 Measures at First-Third Blocks.

The following measures were taken on the first - third blocks after the
accident aon the fourth block:

- The first and neconti blocks were shut down at 0113 hours and 0213
hours on 27 April;

= The third block which was closely connected to the damaged fourth
block but hardly suffered at all fram the explosion was shut down at 0500
hours on 26 April;

- First - third blocks were prepared for prolonged cold shutdown;

- The nuclear power plant equipment following the accident was shifted
into the cold reserve state.

Mtirst-ﬂ&:dblocksuﬂponrphntqﬂmmdndwdbym—
duty personnel.

Rl o /A
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Considerable radicactiave contamination of equipment and campartments
of the first~third power plant blocks was caused by entry of radioactive
substances thorugh the ventilation system which continued to operate for
sare time after the accident.

Individual sections of the turbine room had major radiation levls since
it was contaminated through the destroyed roof of the third block.

A goverrment committee was assigned to organize decontamination and
other operations on the first - third units. The objective was to prepare
the units for startup and operation,

Decontamination was done using special solutions. Their camposition
was selected with allowance for the material to be washed (plastic
carmpounds, steel, concrete, various coatings), the nature and level of

surface contamination. .

After decontamination, gamma radiation levels dropped by a factor of
10-15. Radiation dose rate for campartments of the first and second units
in June was 2-10 mR/hr.

Final decontamination and stabilization of the radiation situation on
the first - third units can be ensured only after campleting decontamination
mﬂmemclearpmrphntgmﬂsuﬂmthbanhqthewmit.

6.5 Maonitoring and Diagnostics of the Condition of the Damaged Unit.

Diagnostic measurements made it possible to solve the following main
problems:

- establish reliable monitoring of fuel movement;
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- determine contamination scales on terrain adjacent to the power
plant;

- estimate scales of damage and carry out dosimetry within the unit,
determine the potential for working in undamaged campartments;

- determines distribution of fuel, fission products and others to
generate yaw data for design of mothballing facilitles.

Arong primary measurements monitoring of reactor state from the air was
set up together with estimations of the radiation situation on the plant and ;
around it. Radjation measurements, photographs o: the damaged reactor '
huilding and its camponents in infrared radiation were done fram helicopters :-
and the chemical camposition of gases discharged fram the reactor shaft was
analyzed; a number of other measureanents were also taken. After it was 1
established that compartments and equipment had survived in the lower part
of the reactor building, it became possible to take initial measurements and
install amergency monitoring instruments. First c2asuring instrurents to
measure neutron flux, gamma radiation dose rate, tawperature and themmal

flow were set up in the drained pressure suppression pool. Temperature
n suring equipment was set up ou a redundant basis. Evaluation of the
situation in the pressure suppression pool showed the absence of any
immediate danger of structures melting through. This confirmed the safe
conditions for work to establish a lower protective slab.

The overall measurement strategy was as follows:

- Dosimetric and visual reconnaissance within the damaged unit;
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- Radiometric and visual observation from helicopters;
- Measurement of the most important parameters (radioactivity,
tarmperature, air flow) in surviving structures and accessible campartments.

Primary measurement efforts at the initial stage were directed at
checking possible movement of fuel downward.

Solution of diagnostic problems became canplicated for the following

reasans:
= The regular measurement system had campletely failed;

- Readings fram sensors which may have survived were not accessible to
personnel ;

- Information on the state of campartments and the radiation situation

in them was limited. -

At the next stage locations of fuel discharge fram the reactor shaft in
the huilding had to be determined and its tamperature and heat output
oconditions estimatad.

To solve this problem, traditional dosimetric methods were used, and
rviving pipelines for delivering measurement probes were opensd. As a
result, fuel distribution within the building was largely established.

The tamperature in campartments under the reactor did not exceed 45
degrees C beginning in June; this indicated good heat cutput.

Monitoring and diagnostic methods were refined with allowance for this
information. |
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6.6 Decontamination of the Nuclear Fower Plant Site

bDuring the accident radicactive materials were discharged over the
plant grounds and fell onto the roof of the turbine roam the roof of the
third unit, and metal pipe supports.

The grounds of the plant, walls, and rooves of the buildings had
considerable contamination due to precipitation of radicactive aerosols and
radioacative dust. Contamination of the ground was non-uniform.

To reduce dispersion of radiocactive dust on the grounds, roof of the
turbine roam building and shoulders of roads were treated with different
‘ymerizing solutions to stabilize upper soil layers and preclude dust

fomation.

To establish conditions for camprehensive decontamination operations,
the grounds of the miclear power plant were divided into individual zones.
Decontamination in each zone was done as follows:

- raoval of trash and contaminated equipment from the grounds;
- decontamination of rooves and cutside building surfaces;

- removal of 5-10 am of soil and hauling it in containers to the solid
waste storage pit of the fifth unit;

- placement of concrete slabs cn the ground, if necessary, or clean

soil;

- covering slabs and unconcreted grounds with fil formming compounds.
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Ma result of campleted measures, the total gamma background in the
area of the first unit was reduced to 20-30 mR/hr. This residual background
was due mainly to external sources (damaged unit). This indicates the

relative efficiency of decontamination of grounds and buildings.

6.7 Long Texm Mothballing of the Fourth Unit

Mothballing of the fourth unit should ensure normal radiation

situations on the swrrounding territory and in the air as well as prevent
escape of radiofctivity into the envircrment.
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To mothball the unit the following structures should be erected.
{Figs. 6 ~ 8):

outside protective walls along the perimeter;

inside concrete dividers in the turbine roam between the third and
the fourth units, in unit "V* (Cyrillic alphabetical equivalent our
*C"), and in the deaerator along the turbine roam and on the side

of the barrier near the tank "SAOR";

metal divider in the turbine room betwen the second and third
units;

protective cover over the turbine roam, and in addition the central
hall and cother reactor campartments should be sealed, the barrier
near the tank "SAOR" and campartments of the northern GrsN for
mothballing the barrier concreted, and protection established
against radiation on the reactor unit side.

The thickness of the protective concrete walls is 1 m and greater
depending on designs and the radiation situation.

There are two versions in the ventilation outline:

open configuration with air purification using aerosol filtars and
discharge into the atmosphere through the existing pipe of the
ventilation center;
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.= Closed configuration with heat discharge in a heat exchanger

located in the upper part of the vented volume, while maintaining a
partial vacum in the building volume which is ensured by exhaust
of air from the upper part cf the voluwe and its discharge through
filters and pipe isto the atmosphere.

The aforementioned operations ae carried cut as follows.

On the grourys adjacent to the wnit the surface layer of soilis removed
on local gctions using a special technique.

The 4rounds are concreted with the surface leveled; this allows self-
aropelled cranes and other equipment to move easily.

* -

The rooves and walls of the building are decontaminated.

Special polymer adhesive pastes of varied campositions are used in
areas with high radiation.

Afurﬂu site is cleaned up and concreted metal frames of protactive
walls m w;pd and subsequently concreted.

psm.}aarecrectedmrki-daztoutupthemm:tmct\numch
pan:ecmpletemﬂballmgmeunfonthmit.

\

. 6.8. Decontamination of the 30-km zone

FEREE
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Major radioactive contamination of areas adjacent to the muclear power
plant made it necessary to make a number of extreme decisions regarding the
establistment of controlled zones, evacuation of population, prohibition or
limitation on agricultural use of so0il and so forth.

A decision was made to introduce three controlled zones: special, 10
and 30 k. Strict dosimetric monitoring of transport was set up and
decontamination points deployed in them. On zane boundaries the workers
were transported fram one mode of transport to others to reduce transfer of
radiocactive substances.

The radiation situation within the 30-km zone will continue to change,

pecially in regions with a high gradient of contamination levels.
Radionuclides will be dramatically redistributed over landscape elements
according to relief characteristics. The question of re—-evacuation of
population can be posed al_ﬂ..y after the radiation sitvation has stabilized
over the entire territory of the contaminated zone: burial of the fourth
block, decontamination of the nuclear power plant site, and stabilization
of radicactivity in areas with elevated contamination level.

Beginning in June a camplex of hydraulic facilities began to be built
to protect ground water and surface water in the vicinity of the Cherncbyl
plant fran contamination, including:

- antifiltration wall in the soil along the partial perimeter of the
miclear power plant site and drawdown wells;

= curtain of the coolant pond;

- cutoff drainage curtain cn the right bank of the Pripyat';
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=~ intercepting drainage curtain in the southwestern sector of the
nuclear power plant;

- drainage water purification facilities,

By this time, based on campleted estimates of the situation with
regard to contamination of the soil-vegetative cover of the 30-km zone,
special agritechnical and decontamination measures were developed and
implerented which made it possible tio return the contaminated earth to
agrocultural use. These measures “ included: changing the traditional
n  ods of working the soil in this region, use of special campositions to
suppress dust formation, changing methods of harvesting and handling the
harvest and so forth.

7. Monitoring radiocactive contamination of the
cenviromment and the health of the population

7.1. Estimating amount, camposition and dynamics of fission product
release fram the damaged reactor.

The following results were used as raw data for this estimate:

- systematic studies of radiomuclide camposition of asrosol sanples
collected above the damaged power plant unit fram 26 April 1986;

- aerogammaphotography of the muclear power plant region;

~ analysis of precipitation samples;

Ty
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~ systematic data from national weather station measurements.

Discharge of radionuclides ocutside the damaged block of the Chexrncbyl
plant was a long temm process consisting of several stages.

In the first stage dispersed fuel frum the damaged reactor was
discharged. The radionuclide at this stage of escape correspondsd roughly
to their camposition in the irradiated fuel, but enriched with volatile
nuclides of jcdine, tellurium, cesium, and inert gases.

In the second stage, fram 26 April through 2 May 1986, the magnitude
of discharge cutside the damaged unit decreased due to measures taken to
prevent burning of the graphite and to filter the discharge. During this
period radionuclide camposition in the discharge was also near their
caposition in the fuel. At this stage finely dispersed fuel was
dischaxgadfxanthereactofbyaﬂouofmmmdbygraphiucmtusﬁm

. products.

The third stage of discharge is characterized by rapid increase in the
magnitude of fission product escape beyond the reactor unit. In the
predaminant entrainment of volatile camponents was observed, in particular,
iodine, and then the radionuclide camposition again approached their-
conposition in the irradiate fuel (on 6 May 1986).

This was due to heating of the fuel in the core to tamperatures
exceeding 1700cC by residual heat release. As a resmilt of the temperature
dependent migration of fission products and chemical transformations of
uranium oxide fission products leaked fram the fuel matrix and were
entrained in aerosol fomm on graphite cambustion products.

The last, fourth stage which began after 6 May was characterized by a
rapid drop in discharge (Table 1). This was the result of special measures
which had been taken, formation of higher melting compounds of fission

. p—r
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products as a result of their interaction with introduced materials,
stabilization andsubsequent drop in fuel tamperature.

Nuclide caposition of the discharge is shown in Table 2,

In air and precipitation samples fission products were found in the
fam of imdividual radionuclides (minly volatile) and in fuel particle
caposition. 1In this case, particles (associates) were found with
increased content of individual radionuclides (Cs, Ru, and so forth) formed
by migration of fission products in the fusl in materials of the backfill
and structures, and sorption on surfaces.

Total discharge of fission products (without radicactive inert gases)
wvas roughly 50 msgacuries; this corresponds roughly to 3.58 of the total
» wnt of radianuclides in the reactor at the time of the accident. These
data were canputed for 6 May 86 with allowance for radicactive decay.
Discharge of radicactive matarials was essentially campleted by this time,

Hame Bpens nocne Q. MKn®*)

Q ssspan, eyt

20.04
£7.04
28.04
29.04
30.04
o108
02.08
03.06
0408
06.08
08.08
09.08
23.05

12
W0
3.4
26
2.0
2.0
4.0
(¥
10
8.0
0.1

~0,01

20.10"*

.””
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Table 1. Daily discharge q of radicactive substances into the atmosphere
£rom the damaged unit (without radicactive inert gases*)

Beadings: colum 1 - dats; colum 2 ~ time aftar accident, days; colum 3 =

q. megacuriest**

* - error in estimating discharge + 50%. It is determined by the error
of dosimetric instruments, radicmetric measurements of radionuclide
empositimofmuﬂ»u-mm,uﬂnwbymmwudby

avaracinm nracinitation over the area.
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** - values of g were caputed on 6 May 86 with allowance for
radicactive decay (at the time of release 26 Apr 86 activity was 20 - 22
megacuries) . See Table 2 for the camposition of the discharge.
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" Table 2. Estimation of radionuclide camposition of release fram damaged
unit of Chernobyl muclear power plant*.

Colum 1 -~ Nuclide **; colums 2 and 3 - activity of release, megacuries;

colum 4 - percentage of radiocactivity discharged from the reactor by 6 May
86. Colum 4, line 1 - possibly up to 100.

enccn subpocs JloAR aKTHBNOCTH, Bi-
(!o)ol A M Gpowersod w3 praxTops
Hywa 26.00.06 () u.oa.uo@ x06.05.06.% (1)
03y ) 48 Soymonmo,n0 100
el () 0.18 - “

) - (Y] -

iy 43 13 20

s T 4 1.3 18

Videq 018 os 10

1% 0.3 1.0 13

*Ypla 0.45 30 2.3

* 2. 048 LY ] 32

Lokl T LX) 3.2 29

1600 0.2 1.8 39

10, - 08 43 Y]

180, 0.4 2.8 1.3

tad,, 043 2.4 A

i 1) 0,23 232 40

Ml 1} 0.01% 0.22 'Y

10y, 0.1.10°* 0.8.10°? 3.0

119g, 0.1.10°° 0.1.10°° 30

Jesy, 0210’ 110! 30

1oy, 0.02 0.4 3.0

182y, 03.10°"* 310" 30

(LT P 0.3.40! 2.1.10°? 30

1% 22 13 23

*t - gstimate error + 50%, see remarks to Table 1 for explanation.

% . data are citad for activity of main radiomxclides measured in
radicometric analyses.

*44 . total release by 6 May 86.
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The camposition of radionuclides in the accident release roughly
corresponded to their camposition in the fuel of the damaged reactor,
differing fram it by the increased content of volatile iodine, tellurium,
cesium and inert gases.

7.2. Monitoring system

At the time of the accident the regular system of meteorological,
radiation and sanitary-hygienic monitoring began to operate according to
the emergency plan. Asoomasthe’mlgofthewcidentbecmcmme
ponitaring system began to expand by enlisting additional groups of

wialists and equipment. During the first few days after the accident
primary attention was focused on immediate problems of radiation, sanitary-
hygienic and medical-biological monitoring.

At the same time the.mnit.oring system began to expand with
consideration of long te:m. problems. Organizations from Goskarngidromet of
the USSR, the Ministry of Health of the USSR and union republics, the
academies of sciences of the USSR, Ukrainian SSR, Byelorussian SSR, the
GKAE of the USSR, Gosagropram and others were involved in its formation.

Specialized medical facilites in Moscow and Kiev were enlisted to
treat irradiated individuals.

Together with farmation of the monitoring system a program of
radicecological, medical-biological and other scientific problems of
estimation and prediction of the effect of ionizing radiation on man, flora
and fauna was set up and began to be executed.

The primary tasks of monitoring were:
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- estimating the pussible level of internal and external irradiation
of Chernobyl power plant personnel, the population of the Pripyat'
and the 30-km zone;

- estimating possible level of irradiation of the population in a
nsber of regions outside the 30-kn zone, with a level of
radicactive contamination which could exceed allowable limits;

= development of recamendations for msasures to protect population
and personnel fram irradiation above established limits.

These recamendations include:
- evacuation of population;
- prohibitition of limitation on use of food products with increased
content of radicactive substances;
- recammendations for behavior of the population in houses and in
open terrain.
To solve these initial problems systematic monitoring of the following
was dones

- Gamma radiation level in contamination regions;
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= concentration of biologically significant radionuclides in the air
and water of reservoirs, in particular those used for drinking
water supply; =

= density of xr.__oacti._ ocontamination of the suil and vegetation and
its radionuclide composition;

- content of radicactive substances in food products, in particular
iodine-331 in milk;

i

- radioactive contamination of special clothing, personnel clothing
and footwear, transport resources and so forth;

~ accunlation of radionuclides in the internal organs of individuals
and so forth,

7.3. Main characteristics of radioactive
contamination of the atmogphere
ard locale, possible ecological consequences.

Radiocactive contamination of the enviromment as a result of the
accident at Cherncbyl unit No. 4 was determined by the dynamics of
radicactive release and weather conditions.

The raedicactively contaminated airstream spread initially in the
western and northern sectors, during the two ar three days following the
accident in the northern sector, from 29 April for several days in the
southern sector. The contaminated air masses then spread great distances
over the territory of the Byelorussian SSR, Ukrainian SSR, and the RSFSR.
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On 27 April the height of the stream exceed 1200 m, the radiation level in
it at a distance of 5 ~ 10 km fram the accident site was 1000 mR/hr. The
stream and radicactive trace which formed were regularly photographed by
aircraft of the Goskamgidramet equipped with sampling, roentgencmetric, and
gammaspectroretric equipment, and in the network of weather stations.

Fission products as well as products of induced activity Np-239 and
Cs~134 were detected in the air samples.

The main zones of terrain contamination following the accident formed
in the westem northwestern and northeastern directions fram the power
plant, and on a smaller scale in the southern direction. Radiation levels
near the miclear power plant exceeded 100 mR/hr, in the western trace
maximm radiation levels 15 days after the accident were 5 mR/hr at a
distance of 50 - 60 Jn fram the accident zone (maximmm distances), in the
north at a distance of 35.- 40 km. In Kiev radiation levels early in May
reached 0.5 - 0.8 mR/hr.

In the near zone of the trace plutonium isotopes (their propagation in
the locale was insignificant) were identified (in addition to those
mentioned above) . In this zone fracticnation of the isotopes was not

significant, but in the far trace radiocactive products were greatly

riched by isotopes of tellurium, iodines, and cesium.
Integration of contaminated areas made it possible to detemine the
total activity of precipitated radiocactive materials (cutside the site).
In the zone of near and far precipitation in the Buropean part of the USSR
it wvas roughly 3.5% ( see section 7.1) of the total activity of the fission
products and activity accumlated in the reactor (in the near trace roughly
1.5=- ).
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AMdition of the activity of radionuclides precipitated in the near
trace and determined by taking soil samples yielded a close value, i.e.
from 0.8 ~ 1.9%.

levels of contamination by plutonium isotopes in the afcremenetioned
zones are not decisive fram the point of view of decontamination efforts
and making econamic decisions.

Information on radicactive contamination of rivers and resexvoirs was
cbtained by regular analysis of water samples fram the Pripyat', Irpan',
and Teterev rivers and the Dneprovek water supply. Beginning fram 26 April
1986 water mlplea\g:etakenwerﬂ\emﬂnnte:uuofﬂ\exiev
«~eservoir, |

The highest concentrations of icdine-131 were found in the Kiev
reservoir on 3 May 1986, i.e. 3 x 10-8 curies per liter. It must be noted
that the spatial distribution of radionuclides in the water was
characterized by great nonuniformity. |

Monitoring of radionuclide content in bottam sediments of reservoirs
both inside and outside the 30-km zone was set up fram the first few days
of the accident. The radionuclide concentration in bottan sediments in
isolated sections of the Kiev reservoir adjacent to the accident region
‘uring the second 10 days of June was 10-7 - 10~8 curies/kg, in the water
10-10 curies/l.

Irradiation of marine arganiems in the Kiev reservoir did not
seriously affuct the population level. Significant radiation influence on
the marine eco systam can occur only in the coolant pond of the Chexrncbyl
miclear power plant.

Water ecosystems which inhabit the cooling pond of the Chexncbyl
miclear pover plant were exposed to the greatest radiation hmlens. For
sare types of water plants, dose rate of internal irradiation was 10
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rad/hr, and near the bottan of the cooling pond the level of external
irradiation was 4 rad/hr (at the end of May 1986).

According to estimates of specialists levels of irradiation up to 10-2
rad per day do not noticeably affect ground .3,{24&22 Within the
30~km zone around the Chernobyl nuclear power plant higher irradiation
levels were cbserved in isolated sections contaminated by radicactive
fallout. This can lead to a noticeable change in the state of
radiosensitive types of plants in these. areas.

Irradiation levels cutside t.he 30-kan zone the kilameter zone around
_ne Cherncbyl nuclear power plant cannot dramatically affect species
camposition of plant and animal camwmunities. _

These results are of a preliminary nature. The study of the
consequences of the Cherncbyl accident on living organisms and ecosystems

contimes. -

7.4. IXrradiation doses to the population
in the 30-km zone around the
nuclear power plant.

Analysis of radicactive contamination of the environment in this zone
made it possible to estimate real and predictable i.zradiatié:h_doaestothe
population of cities, towns, villages and other population centers.

Based on these estimates decisions were made to evacuate the
population of Pripyat’ and a mmber of other population centers. A total
of 135,000 individuals were evacuated.

These and othar measures made it possible to prevent irradiation of
the population above the established limits.
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Radiological consequences for the population in the next few decades
were estimated. These consequences will be insignificant against a
background of natural malignant and genetic diseases.

7.5. Data on irradiation of power plant
and emergency service personnel.
Treatment.

As a result of participation in accident control measures during the
first few hours after the accident same individuals fran among plant
personnel received high doses (greater than 100% and also burms from

hting fires. First aid was rendered to all those affected. By 0600 ?
hours on 26 April 1986 108 individuals had been hospitalized and during
that day another 24 frum among those examined. One patient died at 0600
hours on 26 April 1986 from severe burns and e individual from amng

those working on the damaged unit was not found. His work site may have
been in the zone of debris and high activity.

Based on criteria of early diagnosis adopted in the USSR, by the start
of the first 36 hours individuals were selected for immediate
hospitalization for wham development of acute radiation sickness (OIB) was
predicted with greatest probability. Clinical facilities in Kiev near the
accident site and a specialized hospital in Moscow ware melscted for
hospitalization in order to provide a maximm amount of assistance and
carpetent analysis of cbservation results.

During the first two days 129 patients were sent to Moscow. From
among them, during the first three days 84 were diagnosed as having OLB of
II - IV degree of severity and 27 as having QLB of degree I. In Kiev, 17
individuals were diagnosed as having GLB of degree II - IV, and 55 with OLB
of degree 1I.
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Detailed information on methods and results of treating these patients
is given in the appendix.
The total murber of those who died fram burns and OLB among personnel
at the beginning of July was 28. Among the population there was no cne who
had received high doses leading to QIB.

8. Recammendations faor increasing the
safety of nuclear power engineering.

8.1. Scientific and technical aspects.

A consultation camittee for coordination of scientific research in
3 the field of muclear plant safety approved in 1985 a "list of priority
efforts” which is the foundation for planning of experimental and
theoretical research on the safety of nuclear power plant engineering in
the USSR aimed at more detailed validation of safety requirements,
estimation of the actual safety of nuclear facilities and bringing this
level for nuclear power plants started befare 1975 into agreement with
established requirements.
After the accident at the Cherncbyl plant a revision and evaluation of
the state of experimental and theoretical research on ensuring miclear
3 pc r plant safety were done and measures outlined and expand, improve and
intensify it.
Theoretical programs for analysis of nuclear power plant safe behavior
in all possible transition and accident modes, including those for which it
is not design are being improved and the modelling systams and complexes

developed.
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The search continues to expand on the possibility of building reactors
with passive safety systems, so-called reactors with "internally inherent"
safety, with cores which cannot fail during any accidents.

Reseaxrch will be intensified on quantitative-probabilistic analysis of
safety, analysis of risk fram nuclear power, development of conceptual and
methodological principles of optimizing radiation safety and camparing the
radiation hazard with other types of hazards fram industrial activity.

8.2. Organizaticnal-technical msasures

The system of supervision and standard documents which exist in the USSR
« ampasses all main questions of ensuring mciea.rpwerplant safety and
continues to be improved. Under the aegis of Gosatamenergonadzor, a
consclidated list and plan for development of rules and regulations in the
field of miclear power which coordinates and directs the activity of all
the departments in development ard systemization of a corresponding
scientific and technical documentation was campiled in 1985 in the USSR.

Camparison of axisting Soviet documents on questions of design and
operation of nuclear power plants with foreign analogs does not reveal any
fundamental diffarencgg. BExisting standard requirements associated with
safety for the most part do not require re-examination. However their
practical inmplementation requires more careful monitoring. Quality of
training and re-training of personnel must be raised, monitoring of the
quality of equipment, installation, and startup efforts by builders and
designers and their responsibility for subsequent efficiency and safety of
mclear power plants in operation must be intensified.

After the accident at the Cherncbyl miclear power plant crganizational
measures to increase power plant safety were implementsd. They can be
divided into two stages.
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The first stage which was carried cut through detailed scientific and
technical analysis of the course of the accident fram results of initial
information from the site relates to working miclear power plants with REBMK
type reactors and includes operational measures in working muclear .powex
plants with REBMK developed primarily to prevent the conditions which
immediately precedsed the accident.

The secord stage, i.e. measures developed fram the results of
scientific and technical analysis of the course of the accident, included
measures to increase safety of all types in muclear power plants.

These measures will ensure safe operation of miclear power plants with
REBMK type reactors. |

For nuclear power plants with other types of reactors previous
measures to increase safety associated mainly with new advances in science
and techrology, operating-experience, capabilities for diagnosis of the
condition of metals in piping and equipment, and devices for autcmatic
~cantrol of industrial processes are scheduled for implementation.

To increase the level of management and responsibility for the
development of nuclear power and improve operation of muclear power plants
an All-Union Ministry of Nuclear Power Engineering was formed.

A host of measures to intensify government supervision of safety in
nuclear power has been cutlined.

8.3. International measures
The Soviet Union, which contributes its share to international efforts
in nuclear power safety and which is guided by the desire to further
strengthen international safety, in light of the Cherncbyl accident, came
forward with initiatives for establishing an international program: for safe
development of miclear power and expansion of intermational cooperation in
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this area. These suggestions were set forth by the General Secretary of
the OC CPSU, M.S. Gorbachev, on 14 May and 9 June 1986.

The international system for safe development of miclear power is a
systam of international legal documents, intermational organizations and
structures, and also arganizational measures and activities to protect the
health of the population and the enviromment within the framework of
peaceful use of muclear power. Establishment of this system could be

supported by intermational agreements, participation in corresponding
intemational conventions, additionAl accords, implementation of joint

-egordinated scientific programs on problems of muclear safety, exchange of

scientific and technical information, and establishment of intermational
data banks and equipment necessary for safety purposes and so forth.

With the direct participation of internmational organizations funds
could be created for rendéfing immediate assistance, including immediate
support with the necessary special medical preparations, dosimetric and
diagnostic equipment and instruments, supply of foodstuffs, fodder, and
other material aid. A system of operaticnal warning and supply of
infarmation in the case of a rnuclear power plant accident, in particular
one with transnational consequences, must be set up.

Treatment of the prcblem of material and psychological dmge in
accident cases also merits attantion. )

There is another aspect of nuclear safety, the prevention of nuclear
terrorism. The extreme importance of the problem derives fram this, i.e.
develomment of a reliable system of mesures to prevent muclear terorism in
any of its manifestations.

A major role in establishing the international system far safe

development of ruclear power will be played by the MAGATE.
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At present it can be noted with satisfaction that initial steps have
already been taken to implement suggestions relating to establishment of
the international system for safe development of nuclear power. Efforts
have begun cn preparation for concluding two international conventions
"Operation warning of a muclear accident® and "Assistance in the case of
nuclear accidents and radiological emergency situations®. Questions of
expanding intemational cooperation, in particular research programs of the
MAGATE on mcléar ﬁafety are being actively discussed.

Initiatives on establishing an international system for safe
d—-elopment of miclear power are closely associated with problems of
detente and muclear disarmament. The accident at the Cherncbyl nuclear
power plant has again demonstrated the danger of uncontrolled muclear power
and highlighted the destructive consequences to which its military use or
damage to peaceful miclear-facilities during military operations could
lead. In addressing and solving problems of safe use of muclear power it
would be absurd to develop means and methods of its most dangerocus and
inluman use at the same time.

9. Development of miclear power engineering in the USSR

Due to continued develogpment of muclear power engineering a reduction
in the increase of consunmption of organic fuel by thermal power plants in
the Eurcpean part of the country is cutlined by the energy program of the
USSR. The amount of fuel oil in electric power generation should be cut in
haif. The muclear power will cover most of the increased consumption of
electricity by the national econcmy. Maximum possible use of nuclear fuel
for centralized heating and industrial heat supply and establighment of
muclear-industrial camplexes are planned.

YR Ty
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The Soviet Union is a pioneer in the use of nuclear power for peaceful
purposes. The first muclear power plant in the world with a pressure tube
uwraniun-graphite reactor has been operating for 32 years. The program for
building so-called demonstration power reactors for miclear power plants
with relatively small electrical capacities which implemented at the time
made it possible to select the most pramising of these for further
development and improvement.

The existence of three types and mudifications of muclear reactors
vhich have been adopted in the USSR for building up ruclear power
capacities allows great flexibility and reliability of energy supply, and
r ~h more canmplete utilization of nuclear fuel resocurces; it also matches
the characteristics of development of the power machinery construction base
to a satisfactory degree.

Nuclearpawerplants_}udermtnmiminthevssnusemctorsof
types WER, RBMK, and BN. The first two are themoneutron reactors with
cooling water. EN are fast neutrton breeder reactors with sodium coolant
currently being built for industrial trials of designs which have been
adopted and gradual development of a closed fuel cycle with plutmiun fuel
on this foundation in the future.

The basis of muclear power engineering in the USSR is nuclear power
}-—alits with WER and REMK reactors. Installed capacities in the Soviet
Union have reached almost 30 million kilowatts. Soviet muclear power
plants are distinguished by high operational readiness. Utilization factor
of installed power in a nuclear power plant has been rather high over the
last few years.

Accoprding to the "Main trends in econamic and social development of
the USSR for 1986 - 1990 and through the year 2000" continued development
of miclear power enginevering in the Puropean part of the USSR and in the
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Urals is planned. In 1985 nuclear power plants generated approximately 170
billion kilowatt hours of electricity and by the year 2000 this will
increase by a factor of 5 - 7,

This development will allow miclear power plants to occupy first place
in temns of new capacities in power systems of the European part, having
eliminated the construction of new themmal power plants using organic fuel
to cover increases in the base part of the load curve.

Development of muclear sources of heat supply based an high
taperature gas cocled reactors is underway in the USSR, Construction of
safe plants with these reactors will make it possible to generate high

mperature heat for a mumber of industrial tachnologies.

The Soviet Union is actively irwvolved in intermational cooperation in
the field of miclear power engineering and collaborates in agencies and
camittees of the United Nations, the MAGATE, the MIREK, and others.
Nuclear power engineering in the USSR is developing in close cooperation
with COMBEOON countries.
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LIST OF ABBREVIATIONS

- smergercy protection

- signal to insert all regulating rods and emergency
protection rods into the active zone

- Acalamy of Sciences

- sgtomatic regulator

-nuclear station

‘= miclear power station

- fast breeder reactox

- high-speed reductioa device

- water-steam separating drum

- Belorussian Soviet Socialist Republic

- USSR State Camittee on the Use of Atamic Energy

Gosagropram - USSR State Agro-industry Camittee
Gosatamenergonadzor - USSR State Cammittee on Safe Performance

of Operations in Ataomic Power Enginsering

Goskamgidramet - USSR State Camnittee on Hydramstecorology and
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Monitoring of the Envirorment
- main safety valves
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~m1t.tan1ab-orbar
- dngmctic recording of paramsters (program)
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 - upoated forced circulation duct
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' .. wwx‘ing of the integrity of channel pipes

-}gulamrgancypmtnctim
- local automatic regulation
- International Atamic Energy Agency
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Minzdrav SSSR - USSR Ministry of Public Health
-~ World Energy Congress
-~ bottamn water lines
- acute radiation sickness
- United Nations
- steamwater lines
- fission products
- electric feeder pump
- high-power channel reactor
- distribution group collector
- unloading-loading machine
- back-up diesel power plant
- reactor space
- manual regulator
RSFSR - Russian Soviet Federated Socialist Republic

ARERDRRENERY

RU - reactor installation

SAOR - gystem for emergency cooling of the reactor
S1A - accident localization gystem

& . SSSR - USSR Council of Ministers

SRK - stopper-regulating valves

802 - system for control and protaction
SEV - Council for Mutual Econanic Aid
Vs - heat-releasing assamnbly

G - turbogenerator

TR - operating channel

Usp - shortened absorber rods
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USSR - Ukrainian Soviet Socialist Republic
ChAES - Cherncbyl’ Nuclear Power Station
B - camputer
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LIST OF BASIC EQUIPMENT OF THE MAIN HOUSING OF THE AES

Equipment or Product

graphite lining

*S" system metal camponents
®"OR" system metal camponents
*Ye" system metal coamponents
"KZh" system metal camponents
*L" system metal components
"D" system metal conmponents
Water-steam separating drum
TsVN-6 Main Circulation Puvp
GTsN electric motor

DU-800 main cut-off gate valve
intake collector

delivery collector
distribution group collector
bottan water lines (NVK)
steam-vater lines (PVK)

DU-300 down pipelines

DU-800 pipelines of MPTs duct
unloading~loading machine (RZM)

central yoam traveling crane Q 50/10 tf

GI'sN roam traveling crane Q 50/10 tf

forved-ventilation fan

exhaust fan

Measurement
Units

set

Unit
Mass

Tons

1850
126
280
450

19
592
236
278

67

33
5.7

41

46.0
1.3
400
450

16
350
450
121
176

: 3.5

3.5

Unit
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23
24
25
26

27
28
30
31

32
33

35
36

37

organized leak water tank
arganized leak water heat exchanger

scheduled preventive maintenance vessels
metal camponents and pipelines of accident

contaimment zone
NVK campartment check valves

accident contaimment system overflow valve

accident containment system condensers
container car
crane in UPAK (gas activity reduction

system) comparfment Q 30/5 tf
pipelines of carbon steel
pipelines of stainless steel

MACHINE ROQM

K=-500-65/3000 turbogenerator set
SPP-500 steam superheater separator
low-pressure preheater
first extraction condenser pump units
machine room traveling crane Q 125tf
pipelines of carbon steel
pipelines of stainless steel

gas stripper

- 1tem

set

item

set

item

1.‘
0.2
25

270
2.5

3.7
146

45
1170
760

3500
15
37.5
2.5
211
3825
1300
4.5

11

36
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Fig. 2. Schematic dia;ra- of oyltel for emergency cooling of the reactor:
1 - reactor; 2 - steam separators; 3 - suction header; 4 -~ main circulation
pump; 5 - pressure header; 6 - suppressfion pool; 7 - SAOR vessels; 8 - SAOR

pumps for cooling malfunctioning half of reactor; 9 - heat exchanges;
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ﬁ ' 1AEA POST ACCIDENT REVIEW MEETING
OP THE {CHERNOBYL ACCIDENT, 25-29 AUGUST 1986

RE%ORT BY DR JOHN H GITTUS (UKAEA)

Monday, 25| Augugf., Plenary Sessions
10.00 to lg.oo hpurs: Opening of the meeting

The udienge was divided between two rooms, one being
provided with dlosed circuit television. The meeting comm-
enced at T0.00 m, many TV crews being present for the firasat

speech.
!

Blix, Dire¢tor General of the IAEA, opening the meeting,
said the rlesults would be transmitted to the IAEA Board before
its September eting. He drew parallels with the Agency's
response mo t accident at Three Mile Island. Already,
“ollowing , the hernobyl accident, at the Agency there had
oeen formy lated;schemes for international accident notifica-
tion and emergency response. These were to be’ formally
adopted in September. We would not be asked to endorse any
resolutions. Al factual report to the I1AEA Board of Governors
on the outicome ¢of the meeting would be prepared by the
Secretariat an INSAG (the International Nuclear Safety
Advisory group) in the week following the meeting.

i .
Rometsch, hairman of the meeting, spoke next. The
meeting h‘d thrge objectives as he saw it:

(1) To uIderst nd the lessons of Chernobyl

(2) To alply them, where relevant, in our own countries

(3) To a$sist uture international collaboration on nuclear

safety.
Lega$ov, ead of the USSR delegation, then addressed
the meeti construction of nuclear power plant was receliv-

"unable to mastler” the next stage in the development of their
socliety. ; The ernobyl incident was a disaster.” On a world
scale it was lpading to a re-evaluation of the part to be
played in future by nuclear power. In the USSR since the
accident there jhad been an intensive development of accident-
prevention meagures and a parallel analysis of the nature
and effects o the accident itself. The work continues.
" The USSR would pe entirely open to suggestions about decontam-
ination and other methods of limiting the impact of the

Chernobyl; accigent. They would like to open up discussions
on all passible ways of improving the reliability of nuclear
installatjons, of reducing risk and of mitigating the damage
done should angther accident occur. He listed the many

eminent USSR engineers and medical specialists who were pres-
ent at the meéting, indicating thelr direct involvement with
the practiical response to the accident. His own work, apart

ing priori ty “i the USSR since without it they would be

1
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related responsibilities, was on the develop-
h Temperature Reactor at the Kurchatov
prasented a virden of the sequepce of
Chernobyl accident, The reactor power had
on the brink of dangerous thermal hydraulic
instabilities bhecause the operators had turned
"ty syatem3 and had too few absorber rods in
n they diverted steam from the turbine this
straw. The reactor power rcocketed up, steam
the reactor and the overheated fuel then gave

ons of curies of radioactivity. Within a day
000 or so people living up to 30 Kkm away were

f

/hours: overview of the Accident

P

bn to' describe the RBMK reactor. This has a
tor pilerced by holes or channels, lined with
um tubes and containing the uranium dioxide
n the channels is boiled by the fuel. This

|steam needed to  drive the turbo-alternators

eps the fuel from overheating, by continuously
heat generated by nuclear fission. The rate
tion is controlled by inserting or withdrawing
ng rods. There are pumps to pump water into

the channels and it bolls as it rises up the

imixture of hot water and steam emerges from

asses through pipes to steam-separators. Here
lects above the water and is led by pipes to
v»hilst the water 1s drawn off and pumped back
hannels to be boiled again. The steam from
s condensed and it, too, is pumped back through
ompleting the cycle.

ummarised the conditions of coolant flow, level,
steam-content which could, 1if allowed to
to an accident and which therefore normally
trigger a "trip” or cessation of heat-generation
1f there are fewer than 1% npneutron control
in the reactor then the rules require it to
the operators. They judged that the probability
rs failling to trip it in such a case was lower

than the probability of fallure of a purely automatic trip

system. . In
operators ma
trip thf reaﬁ
edge.

‘Legasov ;
take the heaq
core cooling
philosophy:
leading, to
each in its
ure 1mqerscd:
in nnl
or
Qr o

|
|

plTu bur‘t
Q

he event it was precisely this error that the

They had fewer than 5 rods but did not
or, leaving it critical and poised on a knife-

ent on to destcribe the safety syatems which
away should an accident commence: the emergency
systems. Then he described the containment
e Steam separators, the pumps and the pipes

id from the channels are separately contained,
wn concrete cell or box.
lnin a

Tubes from each cell
and the pressure in the
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Monday, 35 Aug
hours: Overview of the Accident

15.00 to :18.00
(continued)

In the
in greater de
progress. Al
report which

ternoon Legasov contlnued, now concentrating
2ail upon the reasons for the accident and its
hough he followed quite closély the written
yarticipants had been given he added several
important points. In particular he said that the operators
felt that they were under extreme pressure to complete the
planned experiment that night since they knew that it woulad
be &a fu‘l vegy before they would have another chance. 1t
was "a Qremen us psychological mistake"” on the part of the
designer e RBMK reactor that they did not foresee that
additionil protective systems would be needed in the core
in order: to -ip the reactor and keep it cool even if (us
occurredlin the Chernobyl accident): '
|

(a) the oape tors deliberately switched off the standard
protectian sysftems and in addition

o) (c mplet ly disobeyed the safety rules concerned with
the, minimum nujpber of control rods which must be inserted.

This, he id, was the case against the RBMK designers:
"Now, with hindsight we can see that it could have been
prevented, ini a very easy way using technical means" (by
which he meant|engineered safety features, not written rules).
He 1llustrated what had happened by means of an analogy.
It was, he id, as 1f the pilot of a passenger ’'plane
suddenly started testing the ‘plane in flight: opening and
closing ﬁhe doors and switching off safety systems. He went
on to critici e the Soviet nuclear community in these terms:
"We have started later than other specialists to think about

the nee to protect against this KkKind of human stupidity
and it I8 our
fault".

As for e detailed progress of the accident: this is
involved. 1 essence what Legasov says happened was as
follows: W

The. oper'tors tried to power the coolant pumps using
electricity rom a "free-wheeling” turbo-alternator. AS
the alternatof| slowed down, so of course did the pumps which

it was drivi

¢ and sSo the amount of sSteam being produced
increased.

was this that triggered the accident. The
operators tri to insert the control rods but the rods

were mostly far out of the core (only 6 were inserted
instead of the minimum of 30 required by the rules) that
long before the rods could have shut the reactor down It
had run away, :the power rocketing up. The steam, now produced
1n Vast quaitksties, burst the Mesde cuuwcw. rrenee e

2

1.

uranium dioxi pellets disintegrated with a further explosive
generation of (steam which blew the top cover (pile-cap) off
the reactor gnd exposed the hot fuel to the air. Hydrogen
and car?on mopoxide were produced by the oxidation (in steam

|
|

3
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and air): of gpaphite and zirconium. These gases burned or
exploded . in e alir. Volatile and gaseous radionuclides
were frequ evollved into the air by the overheated fuel.

Non€é of
(by switching
about the mini
the reactor ju
the thre#hold

his would have happened had the operators,
ff vital safety systems and ignoring the rule
um number of inserted control rods) not allowed
t prior to the experiment to be poised on

f Just such a reactivity-excursion.

Developm%nt any] Consequences of the Accident ?" ;

!

The . atte

ion of the I1AEA meeting now turned to the
immediat consequences of the accident. Legasov continued
the pres;ntati n, following the written report once more.

The, initial release of radiocactivity missed the adjacent
town of Pripyat. Evacuation was delayed, but Legasov defended
this sayﬂng that they were initially safer where they were,.
Indeed Lliuse fin stone houses werc forbidden to leave since
the mas¢nry gheltered them from radiation. However, the
graphite, fire the increase in graphite temperature ana thne
continued relgase of activity scon made evacuation of Pripyat
vital. ?t wasi|accompl ished in 2% hours. :

~
i

The, amoufit of radioactivity released was greatest on
the first and|ninth days following the accident. The second
pcak ocdurrod; when decay heat and fire had ralsed the core
to its ;maximum temperature of 2000°C. The graphite fire
resulted, in e production of a radioactive aerosol which
went up into {the atmosphere. It was to stifle the graphite
fire and stop| the escape of the aerosol that S000 tons of
sand, boron cgrbide and lead were dropped onto the exposed
face of, the |[reactor from helicopters. The boron carbide
was to prevemt fission from restarting locally. The lead
was to  abso heat, absorb radionuclides and shield the
helicopters. fpom gamma radiation. The sand and clay were
to act as aerpsol filters. By 6 May the release of activity
had cea#ed. off virtually so, the rise in temperature having
been reversed; by natural convection of air and by creating
a forceq flow |pf cold nitrogen through the core.

[}
No more ithan 3% percent of the activity (excluding the
noble gases) [lwas released from the core: 1less than fifty
megacuries.

Teﬁperat e measurements in and around the reactor core
could not be |made except with simple devices such as therm-

ionic valve plifiers or materials of Kknown melting point.
The radiation|/fields rendered semiconductor instruments
unreliable. ith the exception of the reactor vault itself,

radiation fiejlds have now fallen from thousands of Roentgens
per hour (the| maximum recorded) to no more than one or two
R per hJLr. -

Release firom the reactor is now down to tenths of curiss
per day, as an aerosol. Temperatures are now below 300°C
in the .core. A priority task was to shut down Units 1, 2
and 3 followif)g the accident. Units 1 and 2 have been decon-

{

!
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taminate& and
the operators
progress. and

by the year end will be back in operation,
rehoused. As for Unit 3: a review 1is 1in
y permit it to be brought back into use.

The socli
31 dead, coll
29 million o
surrounding
recommence ev

losses comprise 203 seriously injured,
ctive doses of 9 million manrem in 1986 and
r the next 50 years. Decontamination of the
nd should enable 1limited economic use to
tually. ’ ‘

The speaker now turned his attention to safety require-
ments bYefore jand after the Chernobyl accident. Beforehand
it was permigsible for some control rods to be completely
wlthdrawn. n none may be less than 1.2 meters into the
core. The mlnimum number of fully-inserted rods must now
be eighty: it|jwas thirty. In the future the fuel enrichment
will be raised from 2.0% to 2.4% which coupled with the
greater ,amounli of control rods permanently in the core will
offset the peositive void coefficient which was one of the
principel design  shortcomings. Finally, the reactor
protection syistems will be more highly automated so as to

place lqss reljilance on the operators.

reactors are still operating and others will
kK Iinto operation following these changes. More
be given to their operators.

, Some RB
be brought
traininq lsbq

The presentation ended to loud and prolonged applause
at 6.0 .pm. Jt had been a marathon performance, both open

and fra?k.
adis
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. CHERNOBYL -- RUSSIAN ACCIDENT REPORT : .
The attached brief simple technical note has been prepared from an : _ =
initial digest of the Russian Report. It concentrates on the perceived )
reasong for ihe experiment with the ‘turbogenerulor, ‘and ‘the ssiguetie ol 9

svents during the tent, leading to the accident.
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Chernobyl Accident
8implified Interpretation of Soviet's Reported Accident Sequence

Background information »

Large r systems operate on a principle of sit power gtations at
econamically and technically acceptable sites, feed electricity into a griad
system to major areas of damand. The power station sites are not necessarlily at
or near to the points of supply damwand - which are probably more numercus than
the nunber of power stations.

Continuity of supply to the consuner is a major aim of any electricity utility
and to accanmodate plant breakdowns, or transmission line failures, the
generating plant running and connected to the system is not all fully loaded and
hence has a margin of "spinning reserve” to take over generating capacity lost
by breakdown. Similarly the tranemission lines do have routes which have spare
capacity to take over from the line which fails.

Notwithstandirg the above, there are severe conditions for example a lightning
gtorm over a large area which could cause fragmentation of the transmisaion .
system into ts. These pockets if not s rted by sufficient generating
capacity d be "blacked out*, Another result could be the disconnection of a
power station from the transmission system leaving it supplying its own load,
- and no other, that is only if the fault 4id not cause its generators to
autamtically shut dowm. i

A Qdesirable feature of a modern power station then beccmes its ability to accept
an instantanecus reduction in its total output down to house load without the
trangient causing the plant to trip autormtically. If the plant does trip
during the transient, nuclear power stations would have still available an '
esaential eleclrical supply system f&l fran diesel of gas turbine generalors to ‘
maintain safe shut down conditions. S

Bcope of Test:

Although the test at Cherncbyl Unit 4 was the initiator of the accldent its
purpose has not been explicitly stated by the Russians. It is perceived to be
concerned with the capability of the turbogenerator in a running down mode to

supply (for a short interval) scme power station auwxiliary plant, Rroadly -
speaking the testing conditions were to be:-

.Reactor at about 25% power with one of its two associated turbine shut down, the
other supplying the grid and part of the units auxiliaries, The remaining
auxiliary plant was fed from the grid.

The running turbine was to be disconnected fram the grid and its steam inlet-
valves ghut, but with part of the unit auxiliaries atill being supplied whilst

running down.

It was hoped that the reactor would continue at power accepting the transient in
steam demand, with same of its circulating and feed punps being driven by the
running domn turbogenerator, with the other pumps being fed from the grid.

The test procedure was not authorised by the proper authority, the safety
aspects had not been thought through, and departures fram the procedure were
allowed during the test as well as violations of the operating rules.

[eos

"“u
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Design features relevant to accident

In order to understand the sequence of events leading to the accident, it is
necessary to consider same agpects of the RBMK design.

. L N
P . a

The Fuel is enriched uranium dioxide, clad in zirconium, a metal which does not
absorb neutrons necessary for the chain reaction. The fuel is contained in fuel
channels (zircalloy tubes) with water coolant, Steam produced fram heating the
water flowing in the fuel channels is collected in gteam/water separators and

led directly to the turbine, the water separated being returned to the inlet of
the fuel channels.

To replace the water taken away as steam, feed water is introduced to the
separatores.

.
- RIS LN I SN

In a thermal reactor, e.9. DWR FWR, AGR, RBMK a mleratur is required to reduce
the energy of neutrona released in fission so that they can effectively cause
the next fission in the chain reaction. The moderator can be water, or
graphite, or a mixture of the two as in the RBMK reactor. In the RBMK reactor .
the fuel channels are led through graphite blocks, these ol Leliy part of the .
steam/water circult, but aurmundag by an inert gas atmogphere. Watar as water

and water as steam produce different moderating results, In the RBMK reactors a
change from water to steam tends to produce a r increase and vice versa.

The technical jargon is a “positive void coefficient of reactivity". This is an
undesirable design feature which Western Deeignars go to some lengths to awoid.

— - .

A reduction in power aleo produces a higher level of Xenon, a decayed fission
product which absorbs neutrons. The chain reaction will slowly die away unless
sustained by control rod withdrawal. On an REBMK reactor, the capability of the
omtrol rods is not sufficient to keep the reactor critical if the reactor power
falla to a low level for more than an hour or so, In such circumstances, the
operators simply have to wait for 1-2 days until the Xenon has decayed away.

Bequance of events

The sequence of the events leading to the accident were as followsy; on the

25th April 1986 Chernobyl Unit 4 was reduced to about 50% power and one of the
two turbogenerators was shut down. The reactor and running turbine auxiliaries
were now being supplied partly from the one rumning turbine and partly from the
grid. As it was envisaged that the test would cause scme disturbances to the
water level in the steam water separators, a low level condition of which would
initiate emergency cooling water injection, the operation of emergency cooling
was inhibited late on the svening of the 25th April, and some hours later, power
was reduced to 25% for the cammencement of the test. Difficulty was experienced
in requlating the reactor, and contrary to requirements the operator tock over
manual control. Stabilised conditions were eventually obtained at 78 power and
contrary to the experiment procedure it was decided to start the test.

At 0107 on the 26th April in the belief of ocbtalning a potentially safe
condition on the reactor at the end of the test the standby fuel channel
circulating puwps were put into operation, making 8 puwps operational; and
producing a flow which infringed the operating rules. 'The effect of this was to
destablise steam/water gseparator steam pressure and water level. Contrary to
operating rules the cperator then rendered inoperable the reactor trip
capability fran these parameters being outside limits. Because of the large
water flow in the fuel channels, steam produced in terms of voidage was

minimal, but the entire reactor ooolant was only just below its boiling point.

[oos
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Due to the time delay from initial power reduction Xenon had built up and the
control rod configuration was such that operating rules r:?uited the unit to be
shut down. In epite of this, it was decided to continue with the test.

At 01.23 hrs the valves controll steam flow to the turbine were shut with the
roagtor powor at about 7%. bdoxmlly the chutting of both turbine steam yalvaw
would have tripped the reactor. However, this safety function had also been
negated. Water flow now reduced from the putps that are connected to the
running down turbine and the ateam pressure increased. The net effect was an
increasing steam voidage in the channel which in turn led to powar increasing at

. an accelerating rate.

The operator initiated a manual shut down, because by this tims all of the
automtic trip parameters that oould have responded had been negated. However,
game absorbers did not reach the fully inserted position, A manual shut down
would drive the control rods in the core. Servodrive clutches were disengaged
to cause the absorbers to fall into the core under their own weight. However,
dry out had already occurred in fuel channels leading to fuel clad rupture, fuel
channel coolant pressure increase, fuel channel rupture, and a thermal

explosion that destroyed the reactor and part of the structural components of
the building. S

The steam formation together with the sharp tenperaturo. increase led to steam -

" giroonium reactions and the production of hydrogen gas, ‘The hydrogen was then

able to escape through the breach and to mix with air providing an explosive
mixture. This reaction was cbserved as fireworks of flying hot and glowing
fragments. :
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For Kr W MecNiilan, AEA Londeon

1 attach the Atemic Industrial Forum "Infowire” on the Soviet
report on the Chernobyl accident, as reguested.

Regards.
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PRODEQHE B .HSHM

.I1TN: JORY FRANCE
FIRST BECRETARY
AUGUST 17, 1985 4:00 PR EDT

TO ALL INFOWIRE SURSCRIRERS (B6-92):

CUNJECTe LCCUILT ALNOAT OM CHEOHOIYL

THERE TS NO WARD DATA CONCERHING THE CATASTROPHIC ACCIDERT AT
THE NUMDER FOULUR CHERNOBYL QEACTOR, RECAUSE THE SKALA
INFOSHMATION SYSTEM AT THE REACTOR waS SWITCHED OVER TO RECOQRD
ONLY DATA FRON THE COAST-DOWN TEST UHICH LED TO THE ACCIBESRT,
ACCORDING TO A R PJOT SUGHMITTED TO THE INTERNATIONAL ATOMIC
ENERGY AGENWNLY BY ThE STATE CONRITTeE FON THE USE OF ATORIC
ENERGY OF THE USSR. THE INFORNATION SYSTEM CaAN ACCOMMODATE
ONLY &00-5CN PARAHETERS, INSUFFICIENT TO RECORD B8QTH NOARMAL
RELCTOR OPERATING DATA AND DATA FQQM THE TEST,

&S A BESULT, SOVIET OFFICIALS HAVE WAD TO RESORY TO USIKG A
AATHEMATICAL MOLEL OF THE REHK-100N ALONG WITH INSTRPUMERT
READINGS AND IHFORMATION PROVIDED BY OPERATING PERSONWEL TO
HECOMSTRUCT THE ACCTOENT. :

InE FEFUNL, 11ILEV IHE ALLEVEN| AT THE CHERNOBYL ATOMIC ENERGY
STATION AMD ITS CONSENUENCES, COHSISTS OF & G7~PAGE SUMAARY

AHD SEVERAL TECHHTCAL APPEHDICES. AT FIPST GLANCE IT APPLARS
10 PE COMPLETE AND FRANK AND CONTAINS A GREAT AMOUNT OF DETAILS
ANODUT THE RAPK=10N0 AND TIYS OPERATION.

AM OFFYCIAL TRANSLATION Of TWE DOCUMEWT INTO ENGLISH WAS
UNDERWAY OVER THE WEEKEND, AND 1§ EXPECTED TO BE AVAILAALE
AUGUST 1R, IH THE MEANTTHE WE ARE ARLE TO PROVIDE THE
FOLLOMIHG INFORNMATION fRORN TﬁE BEPORT:

~= QPERATO® EZRO0R 15 GIVEN TOP BILLING AS A CAUSE OF THE
ACCTIDENT, CONTATHED TN THE REPELRT IS A TARLE LISTING SAFETY
VIOLATIONS, THE HOTIVATION FOR E;CH, AND THE RESULT.
MIGHLIGWTED AS Tk FUNDAMEWTAL MOTIVATION FQR THE V!UL‘T!ONS 1s
AN ALLEGEN LESIRE AY wORKE®S TO GET THE TEST DYER WITH,

= RFAPITF THF FRUGWASIE On ONCNATON [hnad, SUEAE 23 & atmunu
_UNDERCURRENT OF DISSATISFACTION WITH THE WAY IN WHICH THE RULES
WFRF PRESERTED Y0 EMIFT PLPGONNIL. APPARENTEY [/ was ASSURED
THAT MANY SAFETY PROfboUMES WOULD NE FOLLOWED BY SHIFT
SUPLRYISORS, BYT THEME WAS CONSIDERANLE GUESTJON A5 70 WHETHE®R
THEY WERE PEOPERLY WRITYEN DOuWN,

- - TSSO S e o e ey — vl VORI " T i
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e- IT APPEARS THAT EMERGENCY SYSTEMS INVOLVING TURBOGENESATORS
'"unggn SEVEN AND EEGHT, WHI{H WERE ASSOCIATED WITH CHERNOYDL
UNIT FOUR, WERE ROTH TURNED OFF IN VIOLATION DOF QPERATING
AULEB, Pul 31dre AMYULYINL WUAPMEY EIGHI WAS SUPPOSED TO AR
TURNED OFF TH CONNMECTICH WITi THE TEST, Noutvtlf‘ubhxins ALSO
¢ SHUT OFF NUMDER SEVEN'S SYSTEM DECAUSE THEY INTEWDED TO SHIFT
THE TEST TO THAT GEWERATOR IF THEY DI0 NOT RECEIVE SATISFACTORY
BATA FROM THE FIBST TEST. THEIP AIh wa$ ALLEGEDLY TO SAVE TINE,
-- THERE WERE CONSIDE@ABLE DATA THAT INDICATED THE TEST SHOULD
HLVE REEN APOUGHT TQ A SPEEDY HALT AT SEVERAL POINTS, BUT THESE
WEME IGKDAED FOR REASONS MNOT EXPLAINED. FOR INSTANCE, DATA .
SEEMED TO THRTCATE A SEVEKL THBALANCE IN THE REACTOR'S
OPERLTION AT LOW POUER., PRBUT BY THE TIHE THE SHIFT LEADER GAVE *
THE ORDER TO HWIT RUTTOH A2=5, WHICH PRESUNABLY WAS TO SCRAM THE
REACTOR, THE COWMTROL RODS FATLED VO SEAT AKD THERE uas_:—EQAnP
REPORT FRQM THE REGION OF THE @EACTOR,

-= ATTEMPTING TO SEAT THEt RODS, THE OPERATO® THEN CUT OFF THE
SEAYQMFIHAHTSH POWNE SURRLY, In ONDLN TO PLANEY THE AdLy iv {
DESCEND GF THEI® GLUN WETGHT. TWENTY SECONDS LATER EYEWITNESSES
RgFORT™H Twd EXPLOSTOKS FOLLOWED BY FLYIRG HOT FRAGMENTS AND
SPRER. LITHIN THE REACTOR AUILDING. SOHE OF THE HOT WATERIALS
LONDED QN THt POOF AHD STSpTED A FTIRE.

-=- DESPJTE THE ERPHASIS ON QOPECATOR ERROR THERE I5 A SECTION IN
THE REPORT LEVOTED 7O GQUICK TECHRILAL FIXES PLANNED FOR THE
enek=1000. THESE IHCLUL: LEHWGTHEHXTHG THE CONTROL ®p0DS 7O 1.2
HETERS (uE APE UNCEATAIN LF THREI4 PRESENT LERGTH)/ INCREASENG
THE NURREP OF COHTPOL RGBS TO 70 0@ RO (AT PRESENT THERE ARE
AnQuT 5CY/  PRISING Tt FUEL ENPTCHMRNT TO 2.4 PERCENT FRCH THE
POESENT THD PERCENT/ THSTALLING AODITIUNAL STGNAL NECHANIENS
AND SENSORS IH THE CONTROL ROQM/ AMD IRLREASING PUMP CAPACITY,

OF PARTICULAR IWTEREST IN CONNECTYION WITH THME PLANHED FIXES 1%
THE COMMENT NY THF REPART'S AUTHNRS THAT TweEEs MEatunsr nrfLlL
BEGRADE THE ECQULONICS OF THE oOnK AUT wILL GUARANTEE MECESSARY
SAFETY. '

TH 4DDITIGH, THE FOLLOUTNG SENTELCES APPEAR TN THE BEPORT'S

FOREW. . IT 1S IMPOSSTOLE TO THaGING THE FUTURE WORLD

ECOHDRY WITHCUT MUCLEAR ENERGY, NEVERTHELESS, ITS FUTURE MuST .
BE ACCONPANIED BY YET LARGEN INPUTS OF SCIENCE. AND TECKNOLOGY

TO ENSURE IT3 BELTARILITY AND SAFE EXPLOITATION., .

FOLLOWING I5 AN UNOFFICTAL TRANSLATION OF THE SEQUENLE OF

EVENTS OF THE CUEANORYL ACCIDENWT: ' o
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1

PEPCENT WAS FROM THE FI9ST FUEL LOADING AT RURNUP OF THWELVE TO
FIFTEEN MUD/XG., THE REALTOR STATUS ALSO INCLUDED ONE CHMANKEL
"A8SORRER, ONE CHANWEL EMPTY, AVERAGE RURNLP OF 10.3 MWD/KG.

1

SAFETY PROCEDURES USFD TH THF TERT WFRF UNRFVIFWED AND

FORMALISTIC, THe TEST WAS INTEWDED TO USE TURBINE .0109 .
Nor~ clla Ao, S N

KINET!E _ENEREY_TO Dﬁltf E"h"GthV 5751kh5 IHELUDIHE F!ED HITE' _7

ANb  PECTFEGLATION »uanF, W1TW PLANT DISCONNECTED A 4 O | ETEL s

_ELEET?ICIE’GPTD

APRIL 25, AT 1300

! ‘o ‘)_‘ ﬁi;, fhdbuObr
o
1400 npynt (::)
J///ﬂa
2310 HOuRS

L7 &
A a0 &

|

_—

apalL 26, N100

A

0103 1o 0107

N
L7

:15171>LAL9—L .
REGIN RAMP DOWN FROM FULL pouen Ca /(} ML L
ey,
DISCONKELT TURNINE GENERATORS FROM GRID
AT 1600 WOURS (SOPERCENT) SUPPLY RECIRCULATION -
PUMPS FROW TURRINE GENESATORS BUS A. :

DLOCK OUT CHMCRCELHEY LOIL ESOLINS Svifum- O{&,:,aq, ) Gee o
B Lo

{DTSCONMECT) : G o ety

POWER AT 700 = 1000 MWT (22 - 3VIPERCENT) j

TURNED OFF LOCAL COWTROL SYSTEM, !
GPERATOR THEW COULO NOT BALAMCE - i
TUSRINF GENETATSP SUPPLY AND DEHANWD, f
AS POWER DEQPPED 30 MUT (ABOUT S5PERCENT OF !

CURRENT VaLUE)

o
>
POWEA STABALIZED AT 200 MW(E) (GPERCENT) UMDER j
HalpalL EQuTeQL. XEWONW BUILDING, CAUSTHG X
LAY ' = .
CCOLANT DERSITY DECHEASE/ OPERATOR MusT — g U\cJ ‘ Ui:y#

THEREFORE Uie 2ONAL CONTROQL/ LEADS TO
POWE?” DEPRESSJION AT CCRE CENTER, I.E.
THO=HUNPED AZTHUTHAL POMER LI1STRIOUTION.®

Ne efut
; '
Youdr
STARTYP T:2 STAMDAY RECIRCULATIOR / ,2({ :
PUMPS/ ALL EIGMT PUMPING TOTAL CORE .

T
.
. o
FLOW OF 57,000 CLURIC METERS PES J Geow L’M‘!{ .

Han

-
(_-Dgu.'\) ~ ;‘ { .

BIFFICULTY CONYRPOLLING STEAM SEPARATOR [’-

LEVELS/ OPERATOR BLOCKS EMERGENCY _ nghj

PROTECTION SIGNALS {PROBABLY LEVEL, FLOW

AND TEMPERATURE LIMITS) INCREASES

fEEOWATLR ABOUT FOUR TIMES INITIAL .
VALUE, THIS CAUSES LOW CORE INLET

TEMPERATURE, REDGUCED OUTLET GUALITY.

THEREFGREL, POWER DISTRIBUTION UNUSUALLY

HIGH 1H UPPER COWE. SIMULTANEOUSLY,

SYSTEM PRESSYRE Dages AMD CONTROL R0DS _—

RAISE FOP THIRTY SECONDS TO UPPER Gu."f'Omcfacdq

CDNTAET WHERE OFEHAT 8 TAKES MARUAL
ONTh b o "o —————

P A Cadh
.

\-\Jmis(u\{ ‘-*dt C°D(c.:—l C:-.) fo"“-"jc*e’f-&p Hf’KZ ,A:ﬂ:c
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0123

PAISITIVE VOID EXACE
COMPENSATION FAQH

FLOW DROPSE (DUE TO

BY TOTAL OF 0.5 MPA (73 m§I).

HOWEVER, DUE TO XEHON BYILOYP,
REACTIVITY WMARGIR IS ONLY $1Ix ToO

ETGHT TORTIROL RODS VEPSUS FIFTEEN
RiRTHUM SLLOWAALE., SHOULD HAVE SHUT
DOHN., ANALYSIS SAYS HIGHEST POSITIVE
voOTD EFFECT. ' \

BLGIN EXPERIHENT CED. NOTE: | IN FACE
OF ABOVE DIFFICULTIESXK) BYPAES TURBINE
AND CLOSE ALL CONDEWSZR QUMP VALVES.

e Ve:c;.—a~léﬁi-
PRESSUGE RISES AT A RAYE OF 8]% K Pa/S
TURBINE
GELHERATORS NOW POMERING PUMPS WITH
KINETIC EKERGLY QHLY,

—— .

FLOW DROPS. &f J“"‘ﬂ" f g /.s-u-.: uﬁl(

HET EFFECT OF PRESSURE BISE AND FLOW -
DEOP 15 TNOREASED VOQID, THEN POWER
—— et

AR}

DPERATOP PUSHES SCRAM BUTTON, CALLIHG
FOR 425 P008, RAHGING NOISES MEASD,
RGDS DO NOT BCTTOM, POWER RISES TO

S3N RMUCT) (ITPENCENT) WITH REQIDD UNDER
203,

RDATES PDWER RISE MWITH INADEQUATE l

DOPPLER EFFL{T.

INCREASED CnaNNEL PRESSUPE DROP AND

]
TURBIKES RUNNING DOWN FASTER THAW EXPECTED),

CRITICAL MEAT FLUX

FUEL OVERHEATS,

-

3"
Caus]

SOME FUEL CHAKNELS

uprnLe BHILLE NLOBWN

(TUANQUT)Y CONPITICMS IN SEVERAL CHANKELS.

CALOPTES/GM EWERGY DEPOSITION CAUSE SOME FUEL TO BURST,
STEANM EXPLOSIONS,

RURST, :
R

OFEh, Wtaliuw nALL MUILDINU HLUNN UPEN,

== FUELING PACMINE JUMPS UP AND DOWN, FALLS ON REACTOR FACE

QUPTURES HMOGE CHAHNELS,

— — - ——
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== FLOW REVERSES, CHECX YALVES CLOSE, PUMPS STILL PUMPING
CAUSE RETURN W FLOW TO GOTH UNRUPTURED CHANNELS AND RUPTLR:D
CUANNELS, HENCE THTO OPEN REACTOR FALE.

~= REACTION OF WATER UITH HCT ZI2CALOY AND HOT GRAPHITE .
PRODUCES wYBROGEN, CARBON FMONOXIDE AWD HEAT. ‘

== RUPHING, FRAGUERTING, GLATTESIYG OF AATERIaLS OCCUPS.

~= EXPLOSIONS RESULT FROn CORTACT OF HYDEROGEN AND CARBOW
PONOXTRE WITH Al®,

ot £ LATEST YAPE BRECOPDING OF THFORMATION, CALL 301-04%2-1078,

TO CONTACTY AM AIF STAFFER OQUTSIDE OF WORKING HOURS, CALL
Y01-78e-15135,

ATONIC IWDUSTRIAL FORUAN
NHRN

ayt 17 Y9BL V7:1°
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NUCLEAR OPERATIONS SUPPORT GROUP

NO/AWC 18th August 1986
Ta: All on attached 1list
From: A.W. Clarke

Please find the attached list of principal contact mumbers for use
during the Vierma Conference on Chemmobyl.

Note that coma numbers are ex-directory and should net therefore be
made generally available,

There are still a few blanks which will be filled in during the
course of this week. .

sefes

for A.W. Clarke
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OONFIDENTIAL
NAME OFFICE HOURS OUT OF CFFICE BOURS
Mr. A.W. Clarke Tele: 01 634 7108/6278 Tele: Bedford (0234) 58859
(NOSG) Dex: Ol 634 6973 Dex: Bedford (0234) 58859
Mr. K.G. Steele Tele: Ol 634 6182/5214 Tele: 0679 4645
{NOSG) Dex: (1) 0l 634 6973
(2) 01 634 6628
Dr. J.E. Gore Tele: 0453 810451 Ex. 114 | Tele: Tetbury (0666) 52925
{BNL) Dex: 0453 812529
Mary Willcox Tele: 045265 2123 Tele: Cheltenham
{GDCD) Dex: 045265 2776 {0242) 820846
Mr. J. Collier Tele: 045265 2000
(Information only)| Dex: 045265 2003
Mr. Mike Green Tele: Ol 634 5719 Tele: Ol 278 6516
(DIPA} Dex: Ol 634 6628
Mr. J. Corner Tele: Ol 930 6888/9 Tele: Tunbridge Wells
() (0892) 41092
Telox: 264476
Mr. R.R. Marshall | Tele: 0565 3800 Tele: Wilmslow
(NNC Boothe Hall) | Dex: 0565 546772 (0625) 523774
Telex: 666000
Dr. T. Margerison | Tele: Ol 828 0116 Tele: 01 341 0435
(MEIG) Dex: 0Ol 828 0110 -
Mrs Price Tele: 0} 828 0116 Tele: Ol 305 0846
{NEIG)
Tele: Tele:
(PMT) Dex:
Telext
Mr, P, Woods Tale: 01 211 5907 Tele: Ol 642 2663
(NI1) : Dex: 01 834 5370
Telax: Energy London
918777
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Dr, F.R. Allen
{General Policy)

Mr. H.J. Teague
(Int Matters -_
especially NEA)

Dr. W. Nixon

{Atmospheric
Disparsion)

Mr. M. Bgan
(Atroepheric
Disparaion)

Dr, P.N. Clough
H['. Io Dmbﬂ.r !
{Flssion Product
Releage/
Composition)

Mr. A.N. Hall

Mr. 8.F. Hall
(Accident sequence
interpretation &
phencrmenology)

Mr. G. Meggitt
Radiological
Protection)

Mr. P. Bonell

{General
Inquiries)

Mr. D. Levey
{Overseas
Relationa)

Telex: 629301

Tele:

Tele:

Tele;

Tele:

Tale:
Tele:

Tala:
Tele:

Tele:

Tele:

Tele:

Extenaion 7245

Extension 7226

Extenslon 7284

Extension 7373

Extenaslon 7238
Extension 7365

Extension 7270
Extension 7313 ~ -
Extension 7224
Extenslon 1390

0).930 5454 Ex. 200

CONFIDENTIAL
- 2 -
NAME OFFICE HOURS QUT OF OFFICE HOURS -
SRD Tele: 0925 31244
hama Dex: 0925 76 3936

Tele: 0925 76 5017

Tele: 051 424 2984

Tele: 0925 810592

Tele: Lymm 4209

Tela: 0925 ¥6 5017

-} Tele: 051 727 1238

Tele: Lymm 5076

Obl - Q13 . 11 0S

Tele: Ol 301 3507
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CONF IDENTIAL
_— 3 -
NaME OFFICE HOURS OUT OF CFFICE HOURS
Dr. R. Clarke Tele: 0235 B31&00 No out of hours contact
{NRPB) Dex: 0235 833891
Telex: 837124
Ms J. Nowak Teloa: Q1 212 4242/5663 Tele: 01 553 1888
{(Main contact) Dex: 0Ol 212 8707
(D of Envirorment) Fadicpage - 0893 372 772
Dr. Feates Tele: 0491 39276
(D of Envirommeiit) :
(25/8/86 & Radiopage - Massage
30/8/86) No. 4856896
Tele Bureau - 0345 333111
- From Lorndon
840 7000
Mr., A.J. Daniels Tele: Q1 211 6683 Tele: 01 337 1104
(Dept of Energy) | Dex: 01 834 3771
Mr. P. Agrell Tele: 01 211 5008 Tele: 0732 451840
Tele: Tele:
{(MAFF) Dex:
Telex:
Mr. D.N. Woolf Tele: Q925 835496 Teles Q925 755097
WFL) Dex: 0925 817625
Telex: 627581
Duty Sergeant 0925 31244
(Ex 3780)
for radiopage contact
Mr. M, Hurp Tele:r Q1 930 5454 X 319/539] Dex: 01 930 7461
Mr. C. Clarke Tele: 01 930 5454 X 52(0/539{ Tele: D1 5454

{UKAEA London) -

Dex: 01 930 5454 X 274

Duty Sergeant/Police - |

{Leave Message)

Dr. Pexton
{8SEB)

Mr. Currie
(if Dr. Pexton
not available)

041 637 7177
041 637 4583
777703

Teles
Dex:
Telex:

Tele: 041 637 7177

Tele: 041 427 4327

Tele: 0786 72104




URGENT FAX

To:

Mr A M Allen LHQ

Mr R N Simeone

Mr R L R Nicholson

Mr M A 4 Baker

Mr A W Hills

Mr F Chadwick

Mr W MacMillan

Mr R N James

Mr B C Carpenter

Mr J Bretherton DpDept of Energy
Dr T N Marsham Risley
Dr B L Eyre Risley
Mr A D Evans Risley
Mr J R Askew Risely
Dr G G E Low Harwell
Dr D Hicks Harwell
Dr J E R Holmes Winfrith
Mr C W Blumfield Dounreay
Mr H J Teagua SRD

Dr M R Hayns

Dr R S5 Peckover

Dr F R Allen

Dr G M Ballard

From: Dr J H Gittus, SRD

THE RUSSIAN CHERNOBYL REPORT

An English summary became available yesterday, in advance of next
week's meeting in vienna.

It shows that the operators were to blame. They had, without
permisaion, "switched-off" the automatic reactor trip system and
the emergency core-coocling water system together with other safety
provisions. This information supplies the "missing link": hitherto
we had been unable to fathom why the safety systems had failed to
prevent the accident.

The operators wanted to find out whether the reactor coolant pumps
and other systems could be adequately powered by the main
turbo-alternator when the latter was free-wheeling tc a standstill,
The coolant pumps, in the event, were not able to keep the reactor
cool under the circumstances. It did not trip, since the operators
had inhibited this safety provision and the emergency cooling did
not operate since the operators inhibited this, too.



Accordingly it overheated, the resultant high steam pressure burst
the pressure-~tubes and the flimsy containment; radicnuclides,
evaporating from the by now uncooled fuel, escaped. Both the
zircaloy and the graphite were partially oxidized by air and steam

and the hydrogen and carbon monoxide so produced burned in the
air.

The amount of activity released went through its second peak when a
week after the accident the fuel temperature reached its highest
value. The fuel did not melt but nevertheless released all the
noble gases and three percent of the other radionuclides which it
contained (over ten million curies).

Apart from laying the blame on the operators, the main technical
short-coming highlighted by the Russians is the positive void
coefficient. They say that they intend to minimise this by raising
the fuel enrichment and increasing the worth of the absorbers
permanently located in the core.

20 August 1986
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i8] WESTERN CONSULTATHONS BEFORE WAEA POST-CHERNOBYL MEETING
YIS 1. FOLLOWING YOUR TELWO.1420 COUNSELLOR (ENERGY) AND FuRST
e b " SECRETARY (ATOMIC) ATTENDED THE MEETUNG AT THE STATE DEPARTMENT
s TODAY, o
oy 2. DR CLAUS GEST ATTEWDED FROM THE FEDERAL GERMAN ENVIRONMENT
iy MINISTRY. WN ADDATION TO THE UK, FRANCE AND CANADA WERE
N REPRESENTED BY EMBASSAES, AMBASSADOR KENNEDY DID NOT ATTEND AND
» THE MEETHNG WAS CHAIRED BY CONGDON OF THE STATE DEPARTMENT.
H DENTON OF WRC AND BRUSH OF USDOE ALSO ATTEMDED,
fe ‘3. DR THEMIS SPEAS (NRC) REPORTED WHAT DR SEMINOV, DEPUTY
.

CHAJRMAN OF THE USSR COMMITTEE FOR THE UTULISATIOR OF ATOMIC
EMERGYyr HAD TOLD HIM AND AMBASSADOR KENMEDY DURING A RECENT WikS:kT
TO MOSCOW, SEMINOY HAD SAD THAT THE CHERNOBYL NO.& REACTOR HAD
BEEN SHUT DOWN TO 7 PERCENT POWER FOR MALNTENARCE AND THE STAFF
WERE PREPARING TO DO AN EXPERIMENT, HE HAD LAID GREAT STRESS OM
THE EXPERIMENT'S BE{MNG POORLY PLANNED,» POORLY DESAGHED AND POORLY
EXECUTED. SHORT CuTS HAD BEEN TAKEN, THE EXPERIMENT WAS DESIGNED
TO TEST WHETHER THE AMERTAA OF THE TURBINE COULD BE USED TO
GERERATE POWER FOR SAFETY SYSTEMS FOR SHORT PERIODS, SHORTLY
AFTER THE EXPERIMENT BEGAN THE REACTOR WENT MNTO AN EXCURSION,

AT THIS POINT THE REACTOR WAS fIN THE WORST POSSIBLE CONFUHGURATION
FROM THE POINT OF VEW OF MANIFESTANG TS POSHLTMVE VOID
COEFFICIENT,

k., THE EXCURSION WAS VYERY FAST, AMD A LARGE MUMBER OF PRESSURE
TUBES BURST, INTENSE STEAM PRESSURE PUSHED YFP THE UPPER PART OF
THE REACTOR AND THE CRANE OVER THE REACTOR WAS DRIVEN THROUGH THE
ROOF, &T WAS THIS, RATHER THAN AMY HYDROGEN EXPLOSION AS HAD BEEN
PREWMIOUSLY THOUGHTy' THAT CAUSED THE MOST WiISIBLE DAMAGE. WHEN
THE ROOF WAS PUKCTURED ALL CORE COOLANG PRPES WERE RUPTURED,
%,000 TONNES OF SAWND, CLAY(* LEAD AND BOROK WERE USED TO BRANG THE
SUBSEQUERT GRAPHITE FURE UKDER CORTROL.,
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© #T VERY CLEAR TNAT #00 WIS WEV THE PURPOSE OF THE FORTHCOMING - .

e o

MAEA MEETHAG WAS FOR THE SOWETS TO GINVE A FULL REPORT oN

'CHERNOBYL AND WOT TO DEAL WATH ARY OTHER RACADENTS EG. AT TMALOR .

WMNDSCALE, ANY REFERENCE TO OTHER ACGIDENTS WOULD BE FOR
DISCUSSAON ONLY. THNS WIEYW WAS MOT CHALLENGED AND, WTH THE :
APPARENT ACCEPTANCE BY THE SOWETS OF THE LATEST PROPOSED AGENDAy

.~ THE US SEEMED CONFUDENT THAT THE SOWIETS HAD QUOTE GOT THE .

WESSAGE UNQUOTE OM THIS POMNT, - G

6. AMBASSADOR KEWKEDY MAD ASSURED THE SO“IETS THAT THE ANTENTHOR
OF THE US WAS TO SEEK A FULL SOIERTUFUC REWEW OF THE CHERNMOBYL
ACCAHDENT AuD ®OT YO EMBARRASS THE BOWETS éM ANY WAY, THE

‘_‘SOHETS HAD EXPRESSED APPRECHATHON OF TS APPROACH, -

7. DENTON BA!D THAT THE MRC WAD CONDUCTED wTS OWN REWAEW OF THE

" SAFETY OF THE CHERNOBYL DESMGN,: DRAWMING ON ALL AVAILABLE MATERMAL -.

AACLUDING THE UK BEk'S SAFETY ASSESSMENT OF THE 1970S. THERE
WERE A NUMBER OF GAPS W THE ANFORMATHON BUT AT PRESENT THE NRC
HAD GROWING CONCERNS ABOUT {(A) THE REACTUMNTY CO-EFFMCRENTSy

(B) THE CONTAINMENT4 () THE SAFETY SYSTEMB, AND (D) THE MEED FOR
DEFENCE WX DEPTH,

8. THERE WAS A DiSCUSSAON OF WESTERW OBJECTANES AT THE AAEA
MEETIING, ALL PARTHES AGREED THAT THE ODBJECTUYES MUST BE TO
OBTAUN THE FULLEST POSSUBLE FACTUAL AND TECHWICAL REPORT FROM THE
SOWIETS,t TO KEEP THE MEETAMG MON-POLITHCALy AND TO AVD4D ANYTHING
WHICH WOULD MAKE THE SOWIETS FEEL THAT THEY WERE ON TRIAL. AS
FAR AS POSSIBLE THE DRAWMING OF CONCLUS1ONS SHOULD BE LEFT UNTIL

AFTER THE MEETHNG.

9. OTHER POIMTS RMISED BY THE US BUT MOT PURSUED AT THE MEETHNG
WERE (A) US THERE A NEED FOR FOLLOW-UP EXPERT MEETANGS AFTER THE
CHERNOBYL PRESENTATHONS BUT BEFORE THE GENERAL COUNCHLy (B)

THE MEED TO OBTAIN SOWET DATE ON EPUIDEMIOLOGICAL EFFECTS,: (C)
THE FORM OF THE DOCUMENT THAT THE W-AEA \WWTEND TO PREPARE AS A
RESULT OF THE CHERNOBYL PRESENTATAONS,

10, THERE WAS ALSO A DISCUSSION OF THE HANDUING OF THE PRESS.
THE US REPORTED THAT THE #AEA HAD ALREADY ANNOUNCED THE MNTERTUOM
TO ANVAHTE ACCREDVTED PRESS TO THE FURST AND LAST DAYS OF THE
MEETANG, THE GENERAL WEW WAS THAT T WOULD BE UNREALUSTHC

TO CHALLENGE TWIS. ALTHOUGH SOME MISLEADING REPORTS WOULD WO
DOUBT RESULTy THE WORST THING OF ALL WOULD BE FOR CLAIMS TO BE
MADE THAT {KFORMATHON WAS BEUNG WHTHHELD, THE US DELEGATOW
ANTENDS TO BE AVAILABLE TO THE PRESS ON A REGULAR BASIS, THEY
WILL ATTEMPT TO COORDINATE THEJAR RESPONSES AND TO AVOID AS FAR
AS POSSABLE DRAWING CONCLUSHONS ON POLICY (iMPLICATIONS OR ON THE
SOVIIET PERFORMANCE, THERE WILL ALSO BE A QUOTE DANAGE CONTROL
TEAM UNQUOTE FROM THE US NUCLEAR :ANDUSTRY dN WHEKNA TO DEAL WiITH
SPECHFIC POINTS THAT MAY ARISE RELATHNG TO US NUCLEAR PLAKT.

11, ON DELEGATION SIZESLt THE US PLAN TO HAVE 17, CANADIANS 9,'
AKD THE GERMANS 14, NOBODY SEEMED CLEAR WHAT THE LiiMITS ARE.
12, ALL PARTHES EXPRESSED WILLANGNESS TO COKSULT DURING THE
YIENNA MEETUNGS. THE FRENCH DD NOT RAISE THEAR WDEA OF A
FURTHER CONSULTATION MEETANG N ADVANCE. THE AMERICANS WERE
WILLING TO ATTEND A DINNER ON 24 AUGUST,: THOUGH THEY DID HOT WANT
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: WIG I‘ﬂ ATTEID A DIRNER ON 24 AUGUSTy THOUGH THEY D4D WOT WANT ---
" Y0 BE THE NOSTE. COUNSELLOR (ENERGY) EXPLAMIED THE HM.UMGNE!& 'ﬂ
-, OF THE UK YO ATTEND AT ABOUT 8130 PM OR LATER, T SEEMS LAKELY
~ THAT THE GERMAN DELEGATMON WiLL HOST SUCH A DINKER FOR A SMALL °
MUMBER OF LEADING PEOPLE FROM WESTERM DELECATAONS. THE US

"o WLTON HOTELy WHERE THEY WLL MAYE CONFERENCE FACMLMTAES. THEY

SUGGESTED SPECHFHCALLY THAT BEMIOR WEMBERS OF WESTERX DELEGATAONS
MIGHT MEET OM THE WEDNESDAY MORMIN § (27 AUGUST) WRILE TECHMICAL
EIPEITS ARE PREPARMMG QUEBTHONS,

13, PLEASE ADVANCE 0 DlInELSv PEPARTNENT OF EnEanV AND GHJTHSV
CUKAEA. e
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OF 1222002 AU 86
HHFO WMMEDIATE BONN PARHS UKMLS WMEENNA, MOSCOW

WESTERN CONSULTATIWONS BEFORE WWAEA POST~CHERNOBYL MEETUNG

1, FOLLOWWNG YOUR TELNO,1420 COUNSELLOR (EMERGY) AND FURST
" SECRETARY (ATOMIC) ATTENDED THE MEETWNG AT THE STATE DEPARTMENT
TODAY.,

2. DR CLAUS GEST ATTENDED FROM THE FEDERAL GERMAN ENWIRONMENT
MINKSTRY. 18 ADDKTOK TO THE UKy FRANCE AND CANADA WERE
REPRESENTED BY EMBASSIHES, AMBASSADOR KENNEDY DD MOT ATTEND AND
THE MEETING WAS CHAMRED BY CONGDON OF THE STATE DEPARTMENT,
DENTON OF NRC AND BRUSH OF USDQE ALSO ATTENDED.

3. DR THEMIS SPENS (NRC) REPORTED WHAT DR SEMENOW DEPUTY
CHAURMAN OF THE USSR COMMAKTTEE FOR THE UDHLUSATHON OF ATOMAC
ENERGW,) HAD TOLD HMM AND AMBASSADOR XENMEDY DURNNG A RECENT WhSIKT
TO MOSCOW. SEMWNOY HAD SAMD THAT THE CHERNOBYL NO.& REACTOR HAD
BEEN SHUT DOWN TO 7 PERCENT POWER FOR MAINTENANCE AND THE STAFF
WERE PREPARING TO DO AN EXPERLMENT. HE HAD LMD GREAT STRESS ON
THE EXPERIMENT'S BEWNG POORLY PLANNED, POORLY DESHWGNED AND POORLY
EXECUTED., SHORT CUTS HAD BEEN TAXEN. THE EXPERWMENT WAS DESHGNED
T0 TEST WHETHER THE WMNERTWA OF THE TURBINE COULD BE USED TO
GENERATE POWER FOR SAFETY SYSTEMS FOR SHOAT PERMODS, SHORTLY
AFTER THE EXPERWMENT BEGAN THE REACTOR WENT IINTO AN EXCURSHON.

AT THIS POINT THE REACTOR WAS NN THE WORST POSSIBLE CONFHGURAT.ION
FROM THE POUNT OF WIEW OF MANIFEST!HNG 1kTS POSINDIVE VOID
COEFF.ACIMENT, ‘

&, THE EXCURSILON WAS VERY FAST,  AND A LARGE NUMBER OF PRESSURE
TUBES BURST., ‘hNTENSE STEAM PRESSURE PUSHED UP THE UPPER PART OF
THE REACTOR AND THE CRAME OVER THE REACTOR WAS DRWEN THROUGH THE
ROOF. kT ¥WAS THIG,) RATHER THAN AMY HYDROGEN EXPLOSHOM AS HAD BEEN
PREVILQUSLY THOUSHTYs THAT CAUSED THE MOST VISWBLE DAMAGE. WHEN
THE ROOF WAS PUNCTURED ALL CORE COOLING PWWPES WERE RUPTURED.
5,000 TONNES OF SAMDyt CLAYLi LEAD AND BOROM WERE USED TO BRIMG THE
SUBSEQUENT GRAPHMTE FURE UNDER CONTROL.

5. SPEkS SAMD THAT DURINE HKS WASIT AMBASSADOR KEMNEDY HAD MADE
T VERY CLEAR THAT W WIS WMEW THE PURPOSE OF THE FORTHCOMING
tHAEA MEETHNG WAS FOR THE SOWETS TO GINE A FULL REPORT ON
CHERNOBYL AND MOT TO DEAL WKTH ANY OTHER dMCIWDENTS. 6. AT TMi OR
WINDSCALE, ANY REFERENCE TO OTHER ACGHDENTS WOULD BE FOR
DISCUSSION ONLY. THILS WIEW WAS NOT CHALLENGED AND,: WMKTH THE
APPARENT ACCEPTANCE BY THE SOWNETS OF THE LATEST PROPOSED AGENDAy
THE US SEEMED CONFMDENT THAT THE SOWHETS HAD QUOTE GOT THE
MESSAGE UNQUOTE OM THS POINT, '
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6. AMBASSADOR KENNEDY HAD ASSURED THE SOWETS THAT THE (MTENT:HOM
OF THE US WAS TO SEEK A FULL SOMENTWFINC REWEW OF THE CHERNOBYL
ACCHDENT AKD NOT TO EMBARRASS THE SOWMETS (N ANY WAY. THE
SOWHETS HAD EXPRESSED APPREGWATHON OF THIS APPROACH.

7. DENTON SAKD THAT THE NRC HAD CONDUCTED TS OWN REWIEW OF THE
SAFETY OF THE CHERNOBYL DESWGM,t DRAWING ON ALL AVAMLABLE MATERMAL
JWNCLUDING THE UK MWK'S SAFETY ASSESSMENT OF THE 1970S., THERE
WERE A NUMBER OF GAPS ik THE 'NFORMATINON BUT AT PRESENT THE NRC
HAD GROWMMG CONCERNS ABOUT {A) THE REACTUMKTY CO-EFFHCIMENTSY

{B) THE CONTAMIMENT, (C) THE SAFETY SYSTEMS, AND {D) THE NEED FOR
DEFENCE N DEPTH,

B. THERE WAS A DILSCUSSWON OF WESTERN OBJECTHNES AT THE MAEA
MEETUNG. ALL PARTMKES AGREED THAT THE OQBJEGCTMIVES ﬁUST BE TO
OBTAIN THE FULLEST POSSIBLE FACTUAL AND TECHNICAL REPORT FROM THE
SOMETS,) TO KEEP THE MEETHNG NON-POLATICAL4 AND TO AVOAD ANYTHING
WHICH WOULD MAXE THE SOWLETS FEEL THAT THEY WERE ON TRHAL. AS
FAR AS POSSHBLE THE DRAWWNG OF CONCLUSWONS SHOULD BE LEFT UNTiL
AFTER THE MEETYMIG.

9. OTHER POINTS RAWSED BY THE US BUT NOT PURSUED AT THE MEETIHIG
WERE {A) 8 THERE A NEED FOR FOLLOW~-UP EXPERT MEETWNGS AFTER THE
CHERNOBYL PRESENTATIMONS BUT BEFORE THE GENERAL COUNGiN4s (B)

THE NEED TO OBTAMN SOWIKET DATE OW EPDEMMOLOGWCAL EFFECTS (C)
THE FORM OF THE DOCUMENT THAT THE MAEA WNTEND TO PREPARE AS A
RESULT OF THE CHERNOBYL PRESENTATHMONS. o
10. THERE WAS ALSO A DIWSCUSSWON OF THE HANDLING OF THE PRESS.
THE US REPORTED THAT THE {WAEA HAD ALREADY ANNOUNCED THE <WMTENTHON
TO \WAVINTE ACCREDWTED PRESS TO THE FiAST AND LAST DAYS OF THE
MEETMNG., THE GENERAL WHEW WAS THAT 1T WOULD BE UMREALISTIC

TO CHALLERGE THES. ALTHOUGH SOME MKSLEADMME REPORTS WOULD NO
DOUBT RESULT,: THE WORST THING OF ALL WOULD BE FOR CLAIMS TO BE
MADE THAT IIMFORMATION WAS BENNG WNTHHELD. THE uS DELEGATiHON
MMTENDS TO. BE AVAMILABLE TO THE PRESS ON A REGULAR BASWS. THEY
WILL ATTEMPT TO COORDIWATE THENR RESPONSES AND TO AVOMWD AS FAR

AS POSSIBLE DRAWING CONCLUSIMONS ON POLICY (MPLIKCATONS OR ON THE
SOWIET PERFORMANCE. THERE WKL ALSO BE A QUOTE DAMAGE CONTROL
TEAM UNQUOTE FROM THE US NUCLEAR (iMDUSTRY )yt WMENNA TO DEAL WKTH
SPECUFIC POMNTS THAT MAY ARMSE RELATIMG TO US NUCLEAR PLANT.

11. ON DELEGATWON SIHZESt THE US PLAN TO HAVE 174 CANADIANS 3
AND THE GERMANS 1h. NOBODY SEEMED CLEAR WHAT THE LIMAKTS ARE.

12, ALL PARTUES EXPRESSED WH.LIMNGNESS TO CONSULT DURMMNG THE
VHENNA MEETNGS. THE FRENCH DM NOT RANSE THEUR WDEA OF A
FURTHER CONSULTATHON MEETANG il ADVANCE. THE AMERMGANS WERE
WILLIHG TO ATTEND A DILNNER ON 24 AUGUST, THOUGH THEY DMD NOT WANT
TO BE THE HOSTS. COUNSELLOR (ENERGY) EXPLAMNED THE WILLMGNESS
OF THE UK TO ATTEND AT ABOUT 8330 PM OR LATER. /KT SEEMS LIKELY
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THAT THE GERMAN DELEGAMION wiLL HOST SUCH A DENNER FOR A SMALL
NUMBER OF LEADMNG PEOPLE FROM WESTERM DELEGATHONS. THE US
DELEGATHON WLl BE CONTACTABLE THROUGHOUT THE MEETUMGS AT THE
HALTON HOTELis WHERE THEY WLl HAYE CONFERENCE FAQH.HETHES. THEY
SUGGESTED SPEQUAKCALLY THAT SEMIOR MEMBERS OF WESTERN DELEGATHHONS
MIGHT MEET ON THE WEDNESDAY MORNMN 6 (27 AUGUST) WIHALE TECHNMCAL
EXPERTS ARE PREPARIMG QUESTHWONS.

13. PLEASE ADVANCE TO DAMHELS,s DEPARTMENT OF EHERGW, AND GRTTUSY
UKAEA,
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OF 0617467 AUGUST B§ Ce M’Q—H -

. AND TO DESKEY 07C900Z DEPT OF EMERGY ¢ :r’;:nq'u\

INFO ROUTINE UKREP BRUSSELS, MOSCOW

DEPT OF EMERGY FOR AE DIVISION
MY TELNO 154 (NOT TO aLL): V&EA: DRAFT COKVENTINNS
SUMMARY
1, LITTLE CHANCE OF CONCLUSION THIS WEEK, PRORARLE THAT WORK WiLL
FINISH ON TUESDAY 12 AUGUST. BULK OF AGREEMEMT ON MUTUAL ASS1STANCE
HAS BEEN FROVISIONALLY ADOPTED AT FIRST READING | PLENARY, M|y
FOINT OUTSTAKDING &S THE SCOPE I5SUE.
CTETAL -
2, AGREEMENT ON THE SCOPE OF THE NOTIFICATION CONVENTION AWAITS NEW
INSTRUCTIONS FOR THE SOVIET DELEGATION, AT PRESERT THE RUSSIAKS CaN
OBLY AGREE TO CLVIL NUCLEAR INSTALLATIONS REENG COVEREC. THE
AMERICANS CAN 4GREE TO CIVIL AND MILITARY INSTALLATIONS AND REACTORS
(IRCLUDING SUBMARINES BY IMPLICATION). ALL OTHERS, IMCLUDING UK, :
FRANCE AWD CHINA, AGREE TO ANY NUCLESR ACCICENT OF RADIGLOGICAL
EMERGENCY, BY IMPLICATION I1NCLUDING NOT SNLY MILITARY {MSTALLATIONS
4KD SUBMARINES BUT ALSO WEAPONS. THE MOST LIKCLY GOMPRCMISE WOULO BE
... VO ADOPT THE FUYLL SCOPE WORDING WITH THE US &RD SOVIET UNICY MAKING
" DECLARATIONS TO THE EFFECT THAT THEY DID HOT (NTERPRET THIS AS
= COVER (NG WEAPONS, -
73, ANY SUCH COMPROMISE SOLUTION WOULD NEED CAREFUL CCXSITERATION TO
ENSURE THAT wE AVOIDED A SITUATION WHEREBY, S&Y, THRE UK H&D 4y
. OBELIGATION TO NOTIFY OTHER STATES IF & ERITISH NUCLEAR WEAPON WERE
 IKVOLVED N An ACCITENT WHERESS THE US DID NOT HAVE THAT QL 1GAT|OM
EVEN IF SUCH AN ACCITENT OCCURRED ON ERITISH TEPFRITORY.
&. KO SERIOUS WORK HA3 BEEN DOME OW & COMPROMISE &S ALL COMCESNED
ARE WAITING FOR & CHANGE N THE SOVIET POSITION. THE SOVIET
DELEGATION S4Y THAT THE IR HOPED FOR WEYW |NSTRUCTIONS MUST BE
APPROVED BY THE FOLITBURD WHICH SHCULD MEET LATER THIS WEEK. THEY DO
NOT EXPECT TO RECEIVE THEIR NEW INSTRUCTIONS BEFORE THE AFTERKOCN OF
6 4UGUST. TO ALLCW TIME TO FREPARE & COMPROMISE &XD TO CLEAR IT wiTK
CAPITALS THIS MEANS THAT |T IS UNLIKELY THAT WORK GH THE CONVENTIONS
WILL BE COMPLETED BEFORE TUESDAY OF HEXT WEEK,
5. & PLENARY SESSION ON & MUGUST CONSIDERED THE |LCOMPLETE TEXT OF
THE MUTUAL ASSISTAUCE CONVENTION AS AGREED BY WORK{NG GROUP B. SOWE
ARTICLES WERE REFERRED TO THE LEGAL WORKING GROU? FOR CLARIFICAT|OH
GR TO ENSURE CCHSISTENCY W(TH THE CCNVENTION OK NOTIFICATION, ON THE -
WHCLE KO POINTS OF SUBSTANCE 1IN TH1S CONMVEKTICH ARE LEFT OUTSTANDING
VITH THE EXCEPTION OF: :
(&) ARTHCLE S (FUKCTION OF THE AGENCY). THIS WAS GIVEM PREL 141Y4RY
AGREEMENT BY THE Ux DELEGATION BECAUSE, INTER ALIA, -THE SRTICLE ONLY
RECUESTS THE 18ER TO CRAPY DUT VARINUS ACTIVITIES. THE LEGLL WORK (NG
GROUP HAVE BEEN ASKED TO EXAMINE THE USE OF TRE WCRD QUITE REJUESTS
UNJUOTE WHICH SCHE THIKK 100 WEAK &uD OTHERS THIuK IRAPERGPRIATE, 1
_REMILDED THE PLENERY THMAT THE MATTER WAS OME OF SUPSTANCE AMD
IMPORTANCE TO US AND THAT yx scpernsut TO ARTICLE S WAS DEPEMDENT
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" UPON THE MAIRTENANCE OF THE wORD JUOTE FEGUESTS ULNAUOTE.

(B) ARTICLE 12 (ENTRY INTD FORCE}., THE CHAIRMAY OF THE LEGAL WORK (NG
GROUP PROPCSED AN AMENUDMENT TO THE FIRST PARLGRAPH SO THAT THE FIRST
LINE WOULT READ QUOTE THIS AGREEMENT SHALL BE OFEN FOR §IGMATURE By
ALL STATES AND BY HAMIT{A REPRESENTED BY THE U% COOUNCIL FOR NoMIT|t
«ee UNQUOTE, THE LAST TEN %ORCS WERE PROPCSED TO MAKE |T POSSISLE
FOR NAMIBIA (A4S REPRESENTET ETC), WHICH 1S ALREAGY A MENZER OF THE
TAEA, TO MAVE THE RIGHT &5 OTHEP 14E& EMSERS TO SIGY THE
CCHVENTION, AFTER COMSULTATION WITH SCUTHERK EFRICAN DEFARTHEAT |
EXPRESSED & UK OPJECTICN TO TH{S AMENTNENT BUT S&1D THAT § wWOULD NOT
FRESS THE DEJECTION TO TME POINT OF.BFEAK|NG CONSENSUS. MO OTHER
DRUECTIONS WERE MADE., | WAS THANRED FOR KOT PRESSIMG THE [MATTER BY
MY RIGERIAR COLLEAGUE, | ALSO TOOK THE OPPORTUNITY DF PEMINDIKG
PLENARY THAT ARTICLE 12 IS STILL (NCOGMPLETE AND THAT TISCUSS{ONS ARE
CONTINUING O THE BEST WORDING TO PERHIT THE ADHERENCE TO THE
CONVENTION CF THE EUROPEAN COMNUNITY, ON THIS POINT THE OMLY
OBJECTIONS COME FROM ARGENTING AND MOSCOW. TMEY WAVE MO CHJECTION TO
EC ADMERENCE BUT WISH TO PREVENT ADHERENCE BY OPARML ( THE
CRGANISATICN ESTARLISHED BY THE TREATY OF TLlTELOLCOl._SUITiBLE
WORDIUG SHOULD EMERGE W THIN THE NEXT DAY OR SO,
/6. WORK CONTINUES IR ALL THREE VORKING GROUPS 84D THE EXTRA TIME
PROVIDED BY THE SOVIET DELAY SHOULD, IM FACT, FROVE USEFUL AND
PREVENT & LAST MINUTE RUSH. '

7. TOD&Y'S PLENARY AGREED UNANIHOUSLY THAT BOTH TEXTS, WITHERTO
CALLED QUOTE AGREEMENTS UMCUOTE SHCULD 1N FUTURE BE CALLED DUQTE
CONVENTIOUS UNQUOTE. -
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TO DESKBY DB1000Z FCO
TELNO 163

OF 0BDB13Z AUGUST 86 o
AND TO DESKBY DB1000Z DEPT OF ENERGY -
INFO ROUTINE UKREP BRUSSELS, MOSCOW

DEPT OF ENERGY: FOR &E DIVISION
MY TELNO 1581 1AEA: DRAFT CONVENTIONS

SUMMARY _ .

1. THE TARGET FOR COMPLETION H8S NOW BEEN SET &S TUESDAY 12 aUGUST. ~
WORK CONT{NUES ON POLISHING POINTS OF DETAIL BUT DUTSTANDING MaTTERS
OF SUBSTAMCE ARE NOT LIKELY TO BE TACKLED UNTIL NEXT WEEK. '
DETAIL

2. AT A MEETING OF HEADS OF DELEGATIONS ON 7 AUGUST THE CHA|RMAN
SAID THAT THE BUREAYU HAD CONCLUDED THAT |T WasS NC LONGER REALISTIC
TO ATTEMPT TD CONCLUDE WORK ON THE TWO CONVENT|ONS BY B OR EVEN ©

" AUGUST. WE THEREFORE PROFOSED THAT THE WEEKEND BE TAKEN AS - & BREAK,

WiTH TIME FOR REFLECTION AND CONSULTATION OF CAPITALS, &ND THAT THE
TARGET SHOULD BE CONCLUSION ON TUESDAY 12 AUGUST, §F NECESSARY AFTER
L NIGHT SESSION,

3. CANADA &ND INDIA {BOTH FOR PERSOM&L REASONS) BRGUED THAT WORK
SHOULD CONTINUE THROUGH ¢ AUGUST &ND THE TARGET FOR COMPLETION
SHOULD BE 11 AUGUST, HOWEVER,THEY JOINED THE MAJORITY IN AGREE ING
WITH THE CHA{RMAN,

4. NO PROGRESS ON THE QUESTIONM OF SCOPE, &LL STILL DEPENDS ON THE
RUSS L ANS, _ '

5. THE QUESTION OF TRIGGERING A NOTIFICATION HAS NOT YET BEEN
SETTLED, THE US, SOVIET UNION, CHIN&, FRANCE, INDIA AND THE UK WISH
TO RETAIM THE IDEA N THE DRIGINAL AGENCY DRAFT THAT NOTIFICATION
SHOULD BE TRIGGERED BY AN EVENT OF TRANSBOUNDARY S1GN(F|CANCE. THE
REMAINING EC MEMBERS AND SCANDINAVIANS WISH TO SET A TRIGGER OF
PURELY NATIONAL SIGN|FICANCE, AND I1TALY IN PARTICULAR 1S SEEKING &

Restricted _
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VERY LOW TRIGGER POINT. DISCUSStONS CONTIHUE AND 1T 1S LIKELY TH&T &

SOLUTION TO THIS PROBLEM WILL BE TIED TO & SOLUTION OF THE SCOFE
QUESTION,

6. OTHERWISE, WORKING GROUPS CONTINUE TO TIDY TRE TEXTS &ND TO
RESOLVE LESSER PROBLEWS,
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TO PRIORITY FCO

TELNO 165

OF 1108587 AUGUST 86

AND TO PRIORITY DEPT OF ENEFGY

INF.O ROUTINE UKREP BRUSSELS, MOSCOW

FOR TEPT OF EHERGY: AE DIViSIQN
MY TELMND 163: 18E4; DRAFT CONVENTIONS
SUMMARY
f. 4 US/SOVIET FORMULL OK SCOPE S ®OW UNDER DISCUSSION. PROBLEMS
WITH TRIGGER ARE LESSENING, EC ADHMERENCE MAS BEEN ACCEFTED,
COMPLETION ON 12 AUGUST IS POSSIBLE BUT & FURTHER DELAY SEEMS
LIKELY.
DET4IL _
2, THE SOVIET DELEGATION RECEIVED THEIR LONG AWA{TED INSTRUCTIONS OH
B AUGUST. THEY AND THE AMERICANS ARE NOW RE&DY YO ACCEPT A& FORMUL A
ON SCOPE WHICH WOULD COVER CIVIL ANG MIL{TARY [NSTALLATIONS AND
REACTORS AHD WHKICH YHEY STATE WOULD COVER SURMARINES &ND
SATELLITES, THE FORMULA ONLY EXCLUDES WEAPONS BUT THMEY 54Y THAT (N
PRACTICE THEIR GOVERNMENT WOULD AL.SO NDTIFY IN THE EVEMT OF &M
ACCLDENT CONCERMING WEABQNS, :
3. THEIR FORMULE (AN EaRLY VERS{ON OF WHICH WAS SENT BRY FAX DN §
AUGUST) WAS SOME TECHNICAL DEFICIENCIES (LISTED §N MESSAGE SENT BY
Fax TO FCO &MD DEPARTMENT OF ENERGY OM 31 &UCUST}. NONETHELESS 1T
OFFERS & CONSIDEFABLE ADVANCE OVER THE EARLIER SOVIEY POSITION. AT
PRESENT INDIL, ARGENTINA UKD FRANCE ARET COMPLL IHING THET THE FORMULA
IS INSUFF{CHENT, | HAVE BEER ASKED EY MY SOVIET COLLEAGUE &KD RY HY
NETHERLANDS COLLEAGUE {ALSO CHLIRKAN OF THE DR&FTING MEETING) MOT
ONLY TO SUPPORT THE FORMULE BUT YO EWCGUFAGE OTHERS TO DO S$O. § Wavf
SAID THLT § EXPECT TO BE &BLE TO GIVE THE FOFMULA UK SUPPORT,
ESPECIALLY IF JT IS AMENDED TO MEET SOME OF THE TECHMICHL
DEFICIENCIES BUT § HAVE SAIT THAT | THINK T URLIKELY THAT wi COULD
BE KCTIVE 1% ENCOURAGING OYHERS TO SUPPOPT T,
L, THE TEIGGER CUESTION HAS NOT BEEW FORMALLY RESOLYET. ON B AUGUST
THE TALSAR DELEGLYION MADE AN EMOTIONAL STRTEMERT TO THE EFFECT
THAT ALTHOUGH {TALY WOULEL MOT BLOCK & CONSENSUS, SHE WNDULD HAVE T
MAKE & STATEMENT AT THE- CONCLUSION OF THE REETIKG STATING THAT ALY
AGREEMENT ON TRIGGER OTHER THAN THE EXTREME FORMULETION THAT SHE
FAVOURS WOULD MEAK THAT LTALY COULD HOT SIGN YHE CORVENTION, WY
KETHERLANDS COLLEAGUE WAS &SSURED ME THAT |N THE INTEREST OF
SECURING FINAL AGREEMENT H|S DELEGATION WILL NOW DRDP |TS PROPOSSL
FOR & METIONAL TRIGGER AND wiLL-ENCOURAGE THE OTHERS TO DO THE.SAME. HE
RESTRICTED o /SUGGESTED
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SUGGESTET THKAT THE UK APPROACH THE |TALI&N GOVERNMENT (N ROME &ND,
&S PRESITENCY, SEEK [TALIAN ADHEPENCE TO & COMMUNITY POSITION, |
REMIEDED HIM THAT & COMMUNITY MEETING ON B &UGUST HED REVELLED o
COMPLETE RANGE OF POSITIONS BETWEEN ITALY &T ONE EXTPEME AND THE UK
AND FRENCE AT TKE OTHER, | S&{D THAT | COULD HWOT, &T PRESENT, SEF
&HY COMMUNITY POSITION TO WHICKH ITALY COULE BE EXMCOURAGED TD &DHERE.
5., PLEN&RY ON B RYGUST GAVE PPELIMILARY APPROVAL TO KOST OF THE TEXT
DF THE KOTIFICATION CONVEKTION &8D TC LEGAL CLAUSES COMMOR TO LDTH
CONVENTIONS, OF MOST SIGHIFICANCE WAS AGREEMENT ON & TEXT wHICH wWILL
ENATLE THE EUROPE&N COMMUNITY TO S4GH THE CONVENTION (TEXT SEHT RY
FaX TO FCO &ND UKREP BRUSSELS).

6. THE US/SOVIET FORMULE WiLL ONLY RE CIPCULITEt, FORMELLY, ON 11}
AUGUST, UK DELEGAT(ON HRS BEEXR IN CORTLCT WITH THE AMERICAKS DVER
THE YWEERKEHWD AND WILL CONTINUE TO Di1SCUSS WITH THEM POSS|BLE
IMPROVEMENTS, OTHER DELEGATIONS, SEEIMG THE FORMULA FOR THE FIRST
TIME, WILL NEED TO SEEK INSTRUCTIONS. THE MEF{!&E MaY WELL, L
THEREFORE, HAVE TO EXTEND |HTO WEDNESDAY 13 LUGUST,
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PERSONAL Safety and
29 July 1986 Reliability
70 Directorate

Mr A M Allen UKAEA, Wigshaw Lane, Culcheth

Chairman Wariington, WA3 4NE, England
11l Charles II Street Telephone (0925} 31244 Ext. 7206
LONDON Telex 629301 ATOMRY G
SWlY 4qQP

Dear Chairman
NOTES ON THE DINNER WITH MR GOODLAD

Mr Simeone asked me to put down my recollections. The Minister
“ad been briefed by Manley and Morphet on the four issues which
~ere selected for discussion at the Chairmen's meeting which
preceeded the dinner: Magnox, Emergency Plans, Regulation,
Public Perception. Dealing with each in turn:

Magnox

Miller said that SSEB will probably not be able to afford to
continue buying electricity from BNFL's Chapelcross reactors. As
Morphet remarked, if BNFL then closed the reactors down on
economic grounds the public will suspect they actually closed
them because Cherncbyl has made them think the reactors are
unsafe. We will then be under increased pressure to close the
other Magnox reactors in the country. Miller surprised me when
he said that the NII would not press for Magnox to be shown to
meet current safety standards. "Judgement” would come into it,
he said. ILater on the same tack we had WM's indictment of an NII
Inspector whose over-zealous attitude on pressure component
integrity, seismic issues and quality assurance (the three top

ssues) was a major obstacle to the acceptance by NII of CEGB's
1ong~term safety review submissions. WM and DM were both angling
for a relaxation of NII attitudes here.

Private discussions have increased my conviction that neither
SSEB nor CEGB would rue the closure of the early Magnox stations,
which are seen as having given a good return. However, BNFL's
investment plans presume, I imagine, that Magnox-reprocessing
will suffer no such set-backs.

imergency Plans

lorphet made the important point: increasing the evacuation
‘adius in response to Chernobyl will confirm the public in its
‘iew that we are lying when we imply that "Chernobyl cannot
appen here", {WM has been widely quoted as saying just that).



The UKAEA is going to upgrade its Site Emergency Plans,
particularly to help our reactor operators to contrel an accident
and stop it escalating. The French have their "U" and "H"
procedures which do just that and in my view the UK industry must
follow suit: "exploring the French approach”, we would say, and
the public, not being invelved would not be so alarmed.

All agreed that it would be very difficult to increase the
evacuation distance in our tight little island. Far better to
learn how to stifle severe accidents at their inception by
developing these accident-management techniques and training our
operators to use them. The UKAEA can set the example here.

Regulation

The main concern was BNFL's agreement, effectively binding on all
of us, to spend these "grossly disproportionate " sums on safety.
One would have thought that the way forward would be to agree
what is meant numerically by gross disproportion {ten-fold for
example?) and preferably to agree this via the scientific press
and not in a Court of Law. NRPB could be approached by BNFL to
help with this. HNRPB are the fount of contemporary cost-benefit
guidance. Christopher Harding might like to link this with the
Halsbury Scale which is receiving so much attention at the moment
and could ask the gquestion: what can we afford to spend in order
to move one step down the Halsbury Scale? He might like to
invite Dunster to answer this or help to answer it.

Public Perception

Nothing very innovative emerged. It was correctly stated that
the NEIG initiatives are slow to take off. Miller complained
that things were no better than they had been twelve years ago
despite all our publicity and efforts at public education.
Privately, Flowers and I agreed afterwards that it was only the
said efforts that had maintained public acceptability at its
present "50/50" level and that had we done less we would be
considerably worse off,

Yours sincerely

T S;&%%

J H GITTUS

cc Mr R N Simeone, LHQ
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MEMORANDUM
To MR A M ALLEN
Sublect
7206 MEETING OF INDUSTRY CHAIRMEN, 28.7.86.

These are my brief impressions of the meeting which you,
Mr Simeone and I attended.

Firstly, I wondered (as I mentioned to you afterwards) whether
Manley and Harding had agreed before the meeting to try and
persuade Walter Marshall to shorten the letter drastically and

concentrate only on two or three issues which were obviocusly
related to Cherncbyl.

Walter extricated himself by not agreeing to give special
emphasis to selected items in the letter and suggesting instead
that we emphasised selected items at the dinner later,

On Magnox nothing particular struck me but on AGR, as expected,
the SSEB were very sensitive and suspicious. I was surprised
that they agreed to the section concerned with vented
containments and offload refuelling. Ted Pugh was also very
sensitive here and reflected on the NNC's real concern about
their future workload when he asked that the CEGB should say in
the letter that they might order an AGR for construction in 1988

Walter capitulated rather easily to your demand to delete all
reference to fast reactors: it raises the gquestion, "Why is the
fast reactor the only topic not mentioned", and no doubt we
shall have to address that gquestion quite socon. It is for
consideration whether the Authority unilaterally advises the
Department on the relevance or otherwise of Chernobyl to the
Authority's fast reactor programme: a letter from you on this?

The major campaign just being launched by the Royal Society has
probably been prompted by the CEGB, I guess. Certainly they
are funding the Watt Committee exercise with which Peter Jones
and Frank Allen from the Authority are involved.

The discussion on the "regulation" referred to the concession
which has been made by BNFL. They have said that they are
prepared to spend money on safety "in gross disproportion to
the benefits achieved" (or words to that effect)., It is the
phrase "gross disproportion” which SSEB and CEGB find so
unhelpful: the pass sold.

fir ?}1 ”fbgg | ' -
J H GITTUS

28 July 1986

cc Mr R N Simeone
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CONFIDENTIAL

Mr, Alastair Goodlad, MP

rarliamentary Under-Secretary of State

Department of Energy

Thames House South

Millbank

Ilondon  SW1P 4QJ 28 July 1986

Dear Minister,

The other Chairmen of the Nuclear Industry and I have had a wide ranging
discussion about the nuclear issues facing the UK and would like to advise you
of our thinking. We applaud the Secretary of State's speech of 26 June 1986
which reflects the unanimous v1ew of the industry on the importance of nuclear
power in the UK.

Considering first the Magnox stations, may we remind you that there are a total
of 26 reactors coperating in the UK with a total net capability of 4159W. In
addition, there are single reactor stations of the UK design in operation in
Italy at latina and in Japan at Tokai Mura.

Electricite de France still operate 4 Magnox reactors in France and one reactor
at Vandellos in North Spain. All of these reactors are subject to a
camprehensive safety review after about 20 years operation and the various
Licences will each need to satisfy their respective licencing Authorities that
continued operation is satisfactory in the light of modern practices and
standards. Before the accident at Chernobyl, the conduct of the ILong Term
Safety Reviews in the UK was being raised in same quarters as a matter of public
concern. 'The Cherncbyl accident has been used by those opposed to the continued
operation of Magnox stations in the UK to whip up concerns amongst the general
population: a task that has been made that much easier because of same
superficial {and misleading) similarities in features between Magnox and RMBK
reactors.

The pressures in Italy have been much greater however, and there is still the
real possibility that the Italian Govermment will decide to “sacrifice" Latina
in an attenpt at reduwing pressure on the remaining nuclear programme. The
matter is likely to came to a head at a Omference the Goverrment is arranglng
to review the nuclear issue in November or December.

The Japanese are nervous but not under any great pressures; the French are
relaxed but have expressed a wish to discuss Magnox safety issues with us.
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The safety of the Magnox stations on a day to day basis is not in question;

a position that is fully supported by the NII., However, there are genuine
technical issues to be addressed in relation to the longer term operation of
Magnox stations. The NII's requirement that we should make camparisons with
modern safety criteria applied to the very latest stations has identified 3
principle areas where detailed technical debate is ongoing between Licencees
and the NII. These are the integrity of the steel reactor pressure vessels,
the seismic capability of the plants and the extent to which full numerical
risk analysis techniques should be applied. Matters are camplicated still
further by the fact that the current safety cases for individual stations are
not identical. It is most important that this technical debate which is
fundamental to the Licencing Process in the UK should be allowed to run its
course to the conclusions that either the owners or the NII may reach without
being prejudiced by public fears or perceptions.

To summarise, the Magnox issues are camplex. The operation and safety
assessment strategy, the approach to public responses and publication of safety
cases adopted by one Licencee will restrict freedam of action of the other
Licencees. We recognise the importance of providing you with coherent UK
advice vwhich takes account of possible extermal influences and we have therefore
arranged to reinforce the existing Magnox Technical Group. A list of the
revised tasks of this Group is appended at Attaclment 1, We have agreed that an
industry meeting, at Chairman level will be held, if these Magnox discussions
suggest one is needed.

It is important to remember that these Lorky Term Reviews are the business of
the operatcors not samething imposed by the NII. It is therefore important that
the main effort on these Reviews should came from the operators and the main
justification in public for the continued operation of the Magnox stations
should also care from the operators. The NII response to these Reviews need
not be elaborate nor definitive, although to the public it must carry conviction
and to the operators it is an important supplement to the regular NII licensing
process which takes place at least once every two years. Unfortunately the
public impression is that these Reviews are samething of vital importance which
determine whether the NII will permit the continued operation of the Magnox
stations or not. Clearly we need to explain the philosophy of our regulatory
system mxh more carefully and we the operators need to pay mxch greater
attention to the presentational aspects of Magnox safety to the public.

The AGR position is more straightforward. All parties agree upon the overriding
need to obtain maximm output fram the operating stations as soon as possible.
An important part of this exercise is the establishment of on-load refuelling
at the highest achievable power levels on all AGR's. There is still mxch work
to be done before the performance of newly cammissioned AGR's at Dungeness B,
Hartlepool and Heysham I reaches a satisfactory position. Following on from
the Iong Term Magnox Safety Reviews we mmy possibly have need to look again

at the early AGR's to came closer to the Heysham 2 safety philosophy.

As to a future AGR, the difference in policy between CEGB and SSEB is well

known. There is good co-operation between the two Boards with joint funding of
NNC work aimed at preserving the AGR option at least into the next decade.

/ .-
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Particular aspects that are being exarnmed by NNC as a matter of high priority
are:—

(i) A dry, rather than wet, spent fuel route at the reactor.

(1i) A larger buffer store (to permit discharge of a large part of the
core to facilitate major repairs).

(iii) Some form of vented contairment which could reduce the consequences
of unlikely accidents.

{iv) The feasibility and economics of an AGR refuelled predaminantly off-
load. This Study is requested by CEGB because this might similtaneously
avoid the camplications of on-load refuelling and simplify the safety
case sufficiently to be econamically attractive., But those attractions
have to be weighed against acknowledged benefits of omn—lcad refuelling
to see, on balance, if the present AGR concept is best.

CEGB judges that it would not be in a position to order a further AGR for scme
time. This is because, in the light of experience gained to date, it is CE®'s
view that further optimisation of the balance between safety and econamics would
be prudent and a Public Inquiry, of whatever sort, would postpone start of
construction to 1990 at the earliest.

The SSEB take the view that a next AGR should be based on Heysham II/Torness
whilst taking into account possible benefits from (i) to (iii) above, and that
main construction could start in mid 1988 if an Inquiry could be avoided.

Turning to the question of waste management, there is little that has not
already been said. NIREX have the responsibility for developing waste disposal
sites and they must be allowed to get on with the job. NIREX are also exploring
the "sea disposal" option which you will appreciate is a sensitive issue., The
Industry is continuing its investigations for a central dry store for irradiated
AGR fuel.

On the PWR front, CBEGB recognises that Chernobyl will raise additicnal questions
which mist be addressed. Up to the present mament there is nothing abou:t the
Cherncbyl accident which would make us wish to change the design of Sizewell B.
It is implicit in the Sizewell B risk assessment that same further improvements
micht be gained if the containment was vented or the concrete base mat cooled.
wWe shall naturally look further into these options following Cherncbyl, but we
know that the gain, if gain there is, will be a reduction fram a level of risk
vhich is already satisfactorily low. In the Sizewell B risk assesament we had
already considered cases in which the contaimment is fractured and those in
which the base mat melts.

/ ..
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An important issue brought into focus by the Chermobyl accident is the adequacy
of current Emergency Planning arrangements and the public perception of these
Plans. As with the Magnox safety issue, we think it important that you are
provided with a coherent view. Here too we are reinforcing existing
collaboration arrangements to ensure-that the consistency of emergency planning
arrangements across all UK nuclear establishments operated by CEGB, SSEB, BNFL
and UKAEA are systematically evaluated and that views on the need for change in
the light of Chermobyl are co-ordinated. Attachment 2 gives the tasks allocated
to the relevant Working Group. We shall of course take advantage of the work
of the Civil Contingency Unit and as individual managements will need to keep
in close touch with NII thinking as it evolves.

The Industry as a whole has became very concerned about escalating regulatory
demands on our operations. We do of course accept the need for a safety
philosophy which demands of us constant vigilance and constant escalation of
our proof of safety, but that is quite different to the demands to reduce actual
emissions from levels which are already unimportant to levels which are trivial
and where the demands upon us are more related to the popular perception of
risk than the actual risk.

Our final topic is the difficult one of public acceptance of nuclear power.

We are pleased that you are taking a personal interest in this matter.
Goverrment support for nuclear power is vital at the present time. As you are
aware the Nuclear Energy Information Group (NEIG) is active in the presentation
of information to Trade Unions, Political Parties, and is developing long term
information programmes. The Group also analyses public opinion through public
attitude surveys. BNFL are currently involved in an advertising campaign
encouraging the public to came and see for themselves the Campany's operations
at Sellafield. As you know the CEGB will be launching a local advertising
campaign to provide information to local cawmmnities about the operation of
nuclear establishments as an important way of informing the public about
different apects of nuclear power. We also recognise the need to be seen to

be open about all aspects of our operation although this may be uncomfortable
at times. There is also a pressing need to tackle public concern and ignorance
about radiation and its effects, particularly at low levels of exposure, and

we are considering how best to do this. We recognise the importance of gaining
third party support since nowadays we fear that CEGB and even NII spokesmen have
no more credibility in the minds of the public than the most extreme anti-
nuclear spckesmen. We have received a number of unsolicited letters of support
fram academics and on an individual basis, we have been encouraging academics
and industrialists to take opportunities to present the facts about nuclear
power as they see them. The Royal Society is about to launch a major campaign
to improve the general public's appreciation of science and to improve the
public's perception of risk. The Royal Society will be seeking financial
support fram the nuclear industry as well as other industries for their new
*high visibility" effort. The Watt Committee which represents all the
scientific and engineering institutions in the energy field are also anxious

to take on a "higher visibility" role by providing a panel of “third party
spokesmen® on all energy matters, particularly nuclear matters. We are
therefore encouraging the Foyal Society and the Watt Committee to co-ordinate
their activities closely and probably one will conentrate on scientific and

the other on engineering matters. There are a few other groups that might wish
to pramote the need for the nuclear power option but we do not expect rapid
results. The most pressing need is to educate people to the fact that living is
all about putting relative risks in perspective and that nuclear power ought to
be at the bottam of the list of risks.
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Fram within the Industry, we are examining how we can best implement the open
information policy both in terms of reporting and publiation of incidents and

in terms of making technical information more widely available. It goes without
saying that we are happy to defend the technical camwpetence of our staff to
anyone. We must however find a way of doing this without adversely affecting
the businesses that we are charged to run.

We are in lively discussion with the Department of Energy and the Department

of the Enviromment about the classification and publication level for incidents
down to the most trivial kind. We hope that, in this way, we can implement

the Government's camitment to an open information policy but not simultaneously
give grossly exaggerated weight to what are, in reality, unimportant events,

We also hope to develop a "Halsbury Scale” as an impartial way of signalling

to the public the qualitative importance of each event.

We are looking forward to discussing these issues and any others that you may
wish to raise with us on 28 July.

Yours sincerely,



ATTACHMENT 1

Magnox Technical Liaison Group

{Chairman: Dr B Edmondson, CEGB)

Revised Tasks

5.

B.

o.

To encourage consistency of approach to safety aspects of UK Magnox
Stations.

To examine in this context the progress of Long Term Safety Reviews.

To examine options for similar harmonisation with Magnox plant operators
overseas.

To identify problems, both specific and of general policy purport,
stemming fram Magnox plant safety issues.

To respond to options for public dissemination of information on Magnox
plant safety.

To encourage a consistent approach to public responses on particular
Magnox plant safety issues.

To co—ordinate use of resources to these ends.

To resolve such problems as lie within the campetence of the Group,
referring others for resolution.

To Report regularly on progress, and urgently as the need arises, to
Senior Management of the CEGB, SSEB and BNFL.



ATTACHMENT 2

CHERNOBYL: — TASKS RELATING TO REVIEW OF
UK NOCLEAR SITE EMERGENGY PLANS

Mr R R Matthews was requested to carry out a review of UK Emergency Plans for
Muclear Sites with the following terms of reference:-

"In co—cperation with appropriate representatives of the organisations concerned
to examine the Muclear Site EHmergency Plans of the CBGB, SSEB, BNFL and UKAEA
with the following cbjectives:

1. To encourage consistent principles and practices embodied in the
BEmergency Plans.

2. Where any significant difference may be identified to bring it to the
attention of the organisation concerned, with the intent that all
interested parties should have available an explanation for use in
public discussion and debate.

3. To collect views on the possible need to modify or amplify the Plans
as a consequence of information and data derived from the Chernobyl
accident.

4. To Report regularly on progress, and urgently as the need arises, to

Senior Management of the CBGB, SSEB, BNFL and UKAEA.
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Meeting of Nuclear Industry Chairmen with Mr Goodlad

“ou will be aware that an initial draft of a letter from yourselves to
Mr Goodlad was circulated to your representatives who attend the Cherncbyl
Incident Management Review Group. I enclose a revised draft which has been
circulated as the basis of the camments received. It is proposed that this
should be discussed at 2.00pm Monday 28th July.
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DRAFT LETTER TO MR GOODLAD

Dear Minister,

“%¢ have had a wide ranging discussion about the nuclear issues facing the UK
ad would like to advise you of our thinking.

Considering first the Magnox stations, may we remind you that there are a total
of 26 reactors operating in the UK with a total net capability of 4159MW. In
addition, there are gsingle reactor stations of the UK design in operation in
Italy at Latina and in Japan at Tokai Mura.

Electricite de France still operate 4 Magnox reactors in France and one reactor
at Vandellos in North Spain. All of these reactors are subject to a
canprehensive safety review after about 20 years operation and the various
Licences will each need to satisfy their respective licencing Authorities that
continued operation is satisfactory in the light of modern practices and
standards. Before the accident at Chernobyl, the conduct of the Iong Term
Safety Reviews in the UK was being raised in some quarters as a matter of public
concern. 'The Chernobyl accident has heen used by those opposed to the continued
operation of Magnox stations in the UK to whip up concerns amongst the general
population; a task that has been made that mich easier because of the
superficial design similarities between Magnox and RMBK reactors.

.he pressures in Italy have been much greater however, and there is still the
real possibility that the Italian Goverrment will decide to "sacrifice" Latina
in an attenmpt at reducing pressure on the remaining nuclear programme. The
matter is likely to came to a head at a (onference the Government is arranging
to review the nuclear issue in Novenber or Decenber.

The Japanese are nervous but not under any great pressures; the French are
relaxed but have expressed a wish to discuss Magnox safety issues with us.

fees



The safety of the Magnox stations on a day to day basis is not in question;

a position that is fully supported by the NII. However, there are genuine
technical issues to be addressed in relation to the longer term operation of
Magnox stations. The NII's requirement that we should make comparisons with
modern safety criteria applied to the very latest stations has identified 3
principle areas where detailed technical debate is ongoing between Licencees
and the NII. These are the integrity of the steel reactor pressure vessels,
the seismic capability of the plants and the extent to which full numerical
risk analysis techniques should be applied. Matters are camplicated still
further by the fact that the current safety cases for individual stations are
not identical. It is most important that this technical debate which is
fundamental to the Licencing Process in the UK should be allowed to run its
course without prejudice to the conclusions that either the owners or the NII
may reach.

To summarise, the Magnox issues are camplex. The operation and safety
assesgment strateqy, the approach to public responses and publication of safety
cases adopted by one Licencee will restrict freedam of action of the other
Licencees. We recognise the importance of prowviding you with ocherent UK
advice which takes account of possible external influences and we have therefore
arranged to reinforce the existing Magnox Technical Group. A list of the
revised tasks of this Group is appended at Attachment 1. In the natural course
of his responsibilities Bidmondson will be reporting regqularly to lord Marshall
and we have agreed that an industry meeting, at Chairman level will be held, if
these Magnox discussions suggest one is needed.

The AGR position is more straightforward. All parties agree upaon the overriding
need to obtain maximum output from the operating stations as soon as possible.
An important part of this exercise is the establishment of on-load refuelling
at the highest achievable power levels on all AGR's. There is still much work
to be done before the performance of newly cammissioned AGR's at Dungeness B,
Hartlepool and Heysham I reaches a satisfactory position. We may possibly have
to backfit the early AGR's to came closer to the Heysham 2 safety philosophy.
The NII have already raised this issue with SSER.

As to a future AGR, the difference in policy between CEGB and SSEB is well
known. However, at a technical level, there is good co-operation between the
two Boards with joint funding of MNC work aimed at preserving the AGR option
at least into the next decade.

Jarticular aspects that are being examined by NNC as a matter of high priority
are:-

(i) A dry, rather than wet, spent fuel route.
(ii) A larger buffer store (to permit major repairs).

(iii) Samre form of vented containment which could reduce the consequences
of unlikely accidents.

(iv) The feasibility and econamics of an AGR refuelled predaminantly off-
load.

CEGB judges that it would not be in a position to order a further AGR for some
time. This is because, in the light of experience gained to date, it

is CEGB's view that further optimisation of the balance between safety and
economics would be prudent.

The SSEB take the view that a next AGR should be based on Heysham II/Torness

whilst taking into account possible benefits from (i) to (iii) above, and that
main construction could start in mid 1988.

Jeos



The interest worldwide in the early develompment of Fast Reactors is diminishing
at present. The West Germans are in considerable difficulty over siting and

it seems most unlikely that they will be able to participate actively in a
EBuropean collaboration venture in the foreseeable future. US Secretary of State
Hetherington has stated publicly that the develomment of fusion power is higher
up his priority list than the development of the Fast Reactor. The
responsibility for fast reactor develomment in the UK lies clearly with UKAEA
but, as you know, CBEGB and SSEB have been providing limited financial support
as an eventual interested customers. However, the key to future UK
participation lies in a European reprocessing facility at Dounreay. CEGB have
indicated quite firmly to EJF that the siting of the reprocessing facility at
Dounreay is a necessary condition for the injection of CEGB funding into the
next Buropean reactor under international collaboration. Work is in hand

to provide a firmer basis for fast reactor fuel cycle and construction costs.
The position will be kept under review by the joint national and intermational
bodies which are in various stages of evolution.

Jossible alternative paragraph proposed by the UKAEA.

"Progress in fast breeder develomment in Burope has been encouraging in terms
of both safety and economics and the collaborative arrangements envisaged in
the Memoranda of Understanding between Governments seem capable of providing
the benefits hoped for at the time of the Goverrment's 1983 policy review.

There has, however, been a delay in agreement between West Germany and France
on the next demonstration project. Although some German utilities appear to
be keen to proceed, there are political problems which make full German
participation less certain. Together with the Department's officials, we are
participating in efforts to resolve this problem. The responsibility for fast
breeder development at this stage, in advance of firm projects, lies primarily
with the AEA, but the generating boards, BNFL and NNC are continuing in
appropriate areas. BAn early objective must be for us to seek to have the
European Demonstration Reprocessing Plant at Dounreay and the public inquiry on
this appears to be progressing satisfactorily. For the present, it is beliewved
that the current policy should be maintained, with our continuing to participate
fully in the co-operative European programme and seeking to have all the
greements signed and fully implemented as soon as possible, though this may
need to be reviewed in the light of developments in West Germamy."

Turning to the question of waste management, there is little that has not
already been said. NIREX have the responsibility for developing waste disposal
sites and they must be allowed to get on with the job. NIREX are also exploring
the "sea disposal" option which you will appreciate is a sensitive issue.
Because of the importance of fuel cycle costs to total generation costs, there
is a need for greater liaison between BNFL and the Generating Boards and it is
proposed to exterxd the Terms of Reference of an existing waste management

working party to cover "the back end of the fuel cycle" in total.

/oo



On the MWR front, CECGB recognises that Chermobyl will raise additional questions
which must be addressed. CEGB is preparing a report to be available shortly
which will review the possible implications of Chernobyl for the Sizewell B
design. Among other things, up to the present moment there is nothing about
the Cherncbyl accident which would make us wish to change the design of
Sizewell B. It is implicit in the Sizewell B risk assessment that scme
further improvements might be gained if the contaimment was vented or the
concrete base mat cooled. We shall naturally look further into these options
following Chernobyl, but we know that the gain, if gain there is, will be a
reduction to a level of risk which is already satisfactorily low. In the
Sizewell B rigk-assessment we had already considered cases in which the
containment is fractured by internal assaults and those in which the base mat
melts.

An important issue brought into focus by the Cherncbyl accident is the adequacy
of current Emergency Planning arrangements and the public perception of these
Plans. As with the Magnox safety issue, we think it important that you are
provided with a ccherent view. Here too we are reinforcing existing
collaboration arrangements to ensure that the consistency of emergency planning
arrargements across all UK nuclear establishments operated by CEGB, SSEB, BNFL
and UKAFA systematically evaluated and that views on the need for change in the
light of Cherncbyl are co-ordinated. Attachment 2 gives the additional tasks
allocated to the relevant Working Group.

Our final topic is the difficult one of public acceptance of nuclear power. The
Nuclear Energy Information Group (NEIG) is active in the presentation of
information (e.g. to Political Party Oonferences) and in the analysis of opinion
formers through the media of public opinion polls. BNFL are cuwrrently in the
middle of a major “pro Sellafield" advertising campaign. We reached the view
that NEIG was setting about its job in a campetent way and we saw no cbvious
gaps in its work. We recognise the importance of gaining third party support
since nowadays we fear that CEGB and even NII spokesmen have no more credibility
in the minds of the public than the most extreme anti-nuclear spokesmen. We
have received a number of unsolicited letters of support fram academics and on
an individual basis, we have been encouraging academics and industrialists to
take opportunities to present the facts about nuclear power as they see them.
There are a few other groups that might wish to pramote the need for the nuclear
power option but we do not expect rapid results. The most pressing need is to
~ucate people to the fact that living is all about putting relative tasks in

. 2rspective and that nuclear power ought to be at the bottom of the list of
risks.

From within the Industry, we are examining how we can best inplement the open
information policy both in terms of reporting and publiation of incidents and

in terms of making technical information more widely available. It goes without
saying that we are happy to defend the technical campetence of our staff to
anyone. We must however find a way of doing this without adversely affecting
the businesses that we are charged to run.

We are locking forward to discu~sing these issues and any others that you may
wish to raise with us on 28th July.

Yours sincerely,




Lo g,

Magnox ',Cecﬁﬁical }ﬁém Group

{Chairman: Dr B Edmondson, CEGB)

Revised Tasks ' g /

1. To encourage consistency of approach to safety aspects of UK Magnox
Stations.

2. To examine in this context the progress of Long Term Safety Reviews.

3. To examine options for similar harmonisation with Magnox plant operators
overseas.

4, To identify problems, both specific and of general policy purport,
stamming from Magnox plant safety issues.

oAl Lloen
o

5. To pursue options for public dissemination of information on Magnox
plant safety.

6. To encourage a consistent approach to public responses on particular
Magnox plant safety issues.

7. To co—cordinate use of resources to these ends.

8. To resolve such problems as lie within the competence of the Group,
referring others for resolution.

2. To Report regularly on progress, and urgently as the need arises, to

Senior Management of the CBEGB, SSEB and BNFL.



ATTACHMENT 2

CHERNOEYL: - ADDITIONAL TASKS RELATING TO REVIEW CF
UK ROLEAR SITE EFERGENCY PLANS

Mr R R Matthews was requested to carry out a review of UK Emergency Plans for
Muclear Sites with the following terms of reference:-

"In co~operation with appropriate representatives of the organisations concerned

to examine the Muclear Site Bmergency Plans of the CEGB, SSEB, BNFL and UKAEA
with the following objectives:

1, To encourage consistent principles and practices embodied in the
Brergency Plans.

2. Where any significant difference may be identified to bring it to the
attention of the organisation concerned, with the intent that all
interested parties should have available an explanation for use in
public discussion and debate.

3. To collect views on the possible need to modify or amplify the Plans
as a consequence of information and data derived from the Chermobyl
accident.

4. To Report regularly on progress, arnd urgently as the need arises, to

Senior Management of the CEGB, SSEB and BNFL.,



Chairman

Arithmetic Scale of Nuclear Accidents

Following our discussion, the arithmetic scale would be measured in
man. Sieverts. One hundred man. Sieverts causes one late cancer death
if received by a large population.

Figures for accidents are then:

Chernobyl 3,000,000
Windscale Fire 3,300
Three Mile Island 70
Sellafield release 0.64
J Gittus

24th July 1986
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MTG/GOODLAD 14 90 12 40

Meeting of Nuclear Industry Chairmen with Mr, Goodlad, 28 July

Briefing Points

At the meeting of Chairmen on 28th July prior to the dinner with

Mr. Goodlad, a draft letter to Mr. Goodlad will be considered covering a
broad leck at the situation of the nuclear industry following the Chernobyl
accident. There are also draft terms of reference for Working Parties

both to be chaired by the CEGB - one to review the position on Magnox
reactors and the other on emergency planning. The drafts are generally
satisfactory although the initial CEGB dr&ft of the comments on the fast

reactor to Mr. Goodlad was most inappropriate.

Magnox Reactor

2. From Lord Marshall's comments, it seems that the CEGB have strong

reasons for thinking that the Italians are likely to close down Latina.

3. At the recent meeting of Lord Marshall's Chernobyl Implications Review
Group, the SSEB indicated that they were unlikely to make a robust case

for continuing the operation of Hunterston A (should the safety of Magnox
come under heavy attack) if its sacrifice seemed to be necessary in order
to strengthen the position of Torness in particular and AGR technology

generally.

4. The NII are in the process of carrying out the Long Term Safety
Reviews {the so called "20 year review") of the safety of Magnox reactors.
Reports on Bradwell and Berkeley are expected before the report on

Hunterston.

5. Within the CEGB it has been mooted that the future of Magnox could be
subject to either the “"domino theory" (if you close one reactor down

because you are not sure of continued safety you will be asked to close



them all} or the "sacrifice theory" (say that you've looked at all of the
reactors and most are absolutely fine but you have decided on balance to

close two down).

6. It has to be recognised that a decisien to close down a Magnox

station (because although it continues to be safe in the short term, it
needs money spent for the.longer term which it will not be economic to
find) could have an effect on the SGHWR. Pressure could be set up to close
the SGHWR on the basis that it is a redundant reactor system nearly 20
years old which shares some similarities with the Chernobyl reactors,

unfair though such a line would be.

7. The proposal that a technical group should be set up under
Dr. Edmondson to keep the position on Magnox reactors closely under review
seems to be sensible. It would be as well for the Authority to be

represented to keep an eye open for unwelcome developments.

8. No comments seem to be necessary on the passage on Magnox in the

draft letter to Mr. Goodlad.

AGR

9, The draft letter to Mr. Goodlad indicates the current CEGB thinking
that to keep the AGR option open it is sensible for the Board to consider
with NNC what a new CEGB AGR would lock like - whether features such as
off-load refuelling, vented containment and dry spent fuel storage would
produce obvious attractions in terms of safety benefits. Presumably SSEB
may be unhappy with this and may wish to stress the advantages of current

AGR designs.



Fast Reactors

10. The line taken on the fast reactor in CEGB's first draft letter to
Mr. Goodlad was far too negative in tone and Dr. Marsham has suggested
that the subject should preferably be omitted from the letter, as the
implications of Chernobyl for the fast reactor are far from clear. An
alternative draft has been proposed should it be decided, on balance, that

the letter would be incomplete without reference to the fast reactor.

Emergency Planning

11, It is undeniable that the Chernobyl accident will have increased
public awareness of the need to demonstrate, both nationally and
internationally, that arrangements exist to deal with large-scale
emergencies. Internaticnal action has already started. Currently there
is an IAEA meeting in Vienna to draft two conventions - one dealing with
early warning arrangements by which the stricken country can inform cothers
through the IAEA of an accident big enough to have trans-boundary effects,
the other a mutual assistance agreement by which people and equipment

could be provided through an international clearing arrangement.

12. The CEGB have said that they intend to make their Site Emergency
Handbooks available publicly. The Authority are preparing versions of the
Handbooks for Dounreay, Harwell and Winfrith, omitting necessarily

confidential information like telephone numbers, for the same purpose.

13, It is necessary that the industry should meet together to discuss

a number of important aspects, including:

- how to answer demands to know what considerations have been given
to the technical capability of dealing with an accident bigger than

a design base reference accident;

- is there, in reality, regional machinery in place for dealing with
disasters, including large-scale evacuation, provision of health

services, provision of food and water from other safer regions;



- what is actually known about the problems of decontaminating

large areas of land;

- do central Government arrangements need modification - is the
current phileosophy of appeinting a Government Technical Adviser

the right appreoach and is his role clear;

- is there a broadly consistent approach to emergency arrangements

within the industry.

14, The recommendation to form a Working Party chaired by Mr. Matthews
seems to be a necessary step forward. Care must be taken by non-CEGB
representatives to avoid proposals being made in a style which suits the
CEGB's circumstances but not particularly anyone else's. The Working
Party will also need to be aware of areas in which it may not be possible
to make firm proposals without an indication of policy from Government

Departments.

Public Acceptance

15. The draft letter to Mr. Goodlad refers to the joint industry
programme carried out by the Nuclear Energy Information Group, directed
by Dr. Margerison., It also refers to the need to encourage independent
groups to express some support for nuclear power. Lord Marshall has some
hopes in respect of the Watt Committee on Energy, a registered charity
supported by some 80 professional institutions. The Watt Committee has
formed a safety study group to consider issues arising from the Chernobyl
accident. The first meeting was attended by Dr. Allen, SRD and

Professor Jones.



Incident Reporting

16. Ministers have held discussions with industry Chairmen about:
(i} more rigorous criteria describing incidents to be reported to

Ministers within 24 hours;

(ii) a policy of publicising more minor incidents, perhaps in regular
bulletins from nuclear establishments covering a range of subjects

of genaral interest.

The matter is still under discussion, primarily because of problems in
covering the (different) needs identified by both the Department of Energy

and the Department of the Environment.

Post Chernobyl Authority Studies

tg be
17. Areas?&overed in Authority studies designed to consider implications

of the Chernobyl accident are:

(1) Analysis of the accident to consider the lessons relevant to other
types of reactor and any relevant to the operation of reactors in

general;

{(2) the potential impact in the UK ¢f reactor accidents overseas;

(3) Accident consequences, in respect of likely health effects;

(4) A study of the concept of intrinsically safe reactors - incorporating
naturally safe design elements (eg. the fact that a reactor relying
on water both as a coolant and as a moderator will shut down on

severe coolant loss) with engineered safety barriers.



18. The analysis of "lessons learned"” will lead to a re-examination of

the safety case for DIDO, PLUTO, the SGHWR and the PFR. Hopefully much

more will be learnt about what happened at Cherncbyl at IAEA Post Accident
Review at the end of Augqust, althcocugh it has become known through

diplomatic circles that the Russians would prefer the conference to deal more

widely with accidents rather than confine it to Cherncbyl. This would

undoubtedly reduce its value.

BC/22/7/86
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MEMO RANDUM

To Dr ] H Gittus, Director, SRD

o 6/1336 Subieer "RICHTER6GAMRYL FOR NUCLEAR ACCIDENTS
Tai Ewt, i L N

'ww,;dw%xtf SRR

1. The first peoint, and most fundamental, is the appropriateness of a
logarithmic scale for comparison of accidents. Most technical people will
feel, intuitively, that this is a "natural"” type of scale to use, Probably
the only logical reason for it is convenience in representing a wide range
of possible consequences, analogous to using logarithmic rather than
lineargraph paper. Note that there 1is a difference with certain
logarithmic scales like decibels where the logarithmic nature can be linked
to the nature of physiological response. Use of a logarithmic scale will

“~of the numbers at the top. Nevertheless, on balance, [ think such a

ﬁttract the criticism that it is a piece of whitewashing to reduce the size

cale could be defended for the reasons given earlier. The, analogy with
the original Richter Scale of course can also be invoked, 1/

2, Having decided on the form of the scale, what of the arbitrary zero?
Intuitively, one feels this should have some recognisable significance. As
proposed, zero corresponds to 1 man Sievert which would be 100 rems for
an 1individual. ! have used this in the past as a convenient ''round
numher" boundary between immediate effects and stochastic ones., As such
it represents the limit where calculations on loss of life expectancy are
appropriate whatever the size of the population. (The smallest population
is one). Are there alternative zeros that could be chosen? Une
possibility would be the average background radiation received in a year
which would give a scale of log man Sieverts + 3: or one could take tihe
1CRP limit for the general public which would give log man Sieverts + 2.3.
All these are arbitrary and on balance | _would prefer to leave it as ywou
have proposed. + 2 choa |/

Q' 3. On a point of detail, 1 think your definition of the Sievert is
\

ctually the definition of the Gray. The 5ievert recognises that not all
nergy is equally damaging and derives itself from the Gray by using the
relative biological effectiveness (RBE) to multiply the absorbed dose in
Gray. 5Since the RBE for most of the radiation we are concerned with 1s

1, the Gray and Sievert are for most applications identical.

L. Another small point relates to the dose which will cause immediate
death, This depends on the constitution of the patient and on the
counter-measures invoked to help him. It might be better to stick to the

1.DSO dose (ie that dose which gives a 50% probability of early death).

Aadnfn .
dﬂ.\H ] TEAGUE

'3 july 1986

O br F R Allen

Ubr G M Ballard
Dr M R Hayns
Dr R § Peckover
Dr P Clough

Dr W Nixon
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MEMORANDUM

‘ Dr J H Gittus, Director, SRD
our Rcf:’r 3 - '\.,{"d.‘cii'i;
ol Swieet "RICHTER SCALE" FOR NUCLEAR ACCIDENTS

One important distinectlion you are making In your paper on a
"Richter Scale" for nuclear accidents is that the scale should be
a property of the consequences of the accldent, not a property of
the accldent iteself. This is clearly different from the Richter
scale for earthquakes where the scale reflects the severity of
the earth tremor not the consequences that resulted from that
BVEIL,  Luud a saige wewe bligad o o, L ranmagunnnnn annoinn
from zerc to many thousands of deaths depending on where it
occocurs with respeet to centres of population, coal mines, etc but
the size of the event and thus the scale value would be constant.
By arnalogy a& nuclear plant accident has a potentially large range
of accident consequences depending on the detail of the event,
eg. weather, population, ete, even 1f the size of the event
(measured say in curies (becquerels) released) is the same.
However, the scale will measure the consequence not the size of
the event, in contrast to the earthquake case. Following this
point it c¢learly is then important to distinguish between events
with immediate conegequences, ie. deaths and those with deleyed
consequencea (Lord Marshall's point about "big nuclear
accidents"). "This could be done in the way you suggest in your
paper by explicitly stating the number of deaths. I think this
18 the way that probebly has most impact. However, one could
conslder modifying the consequence scale by say & ratio which
reflects the proportion of early deaths to delayed deaths.

Cjﬁf?ég é%;ra/
I l/

G M RBaliard

SRD

22 July 1986
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RICHTER SCALE OF ACCIDENTS

Attached is the graph of the proposed accident scale for the
instances mentioned in your draft paper. The values quoted there

are esgentially correct, viz: i Qf%; :
Accident Delayed cancer man-Sv Log10 (man~5v) + 33
Facilities
Cherncbyl 30,000 (1) 3 x 10° 6.48 54
Windscale (2) 5§ 2
Fire 33 3300 3.52
TMI-2 0.7 (3 70 @ 1.84 3. €Y
G
sellafield o Gk, ~o: [ ) S
pischarge '
(:fNotes

1, SRD estimate for USSR and Western Europe is 20,000, This

figure includes allowance for more remote regions.
2. M J Crick and G S Linsley. NRPB R1l35 Addendum (Sept 1983).
3. Staff Reports to the President's Commission on the Accident

at TMIa Reports of the Public Health and Safety Task Force i

(OCT . |
4. Estimate by 8 Nicholson based on discharge of 45 T Bg of the

103/106 plus some Zr + Nb activity in November 1983,

Other comments on the draft:

Top of page 3 = The energy dose ua}k/quoted (17 intc 1 kg) is
the Gray (equivalent to 100 Rad).

'(:fThe Sievert (= 100 Rem/ takes into account biological effectiveness
also.

Bottom of Page 3 - 1 man-Sv 18 a collective dose - therefore cannot
be compared with an individual smoking cigarettes,

If an individual receives 1 Sv, this 1s eguivalent in increased cancer i
risk to him smoking 5 cigarettes.” o

1 chest x-ray = 0.1 msv &
Page 4 - Early deaths. It 1is worth noting that the 28 admitted

early deaths at Chernobyl were mainly recovery workers - not members
of the public - as far as we know ...

PETER CLOUGH/W NIXON

22 July 1986
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L A "RICHTER SCALE" FOR ACCIDENTS TO
Tol Ext. 7206 Subject NUCLEAR INSTALLATIONS

BRIEF FOR THE CHAIRMAN BY J H GITTUS

The attached paper is for immediate comment to me please (and
checking of numbers quoted).

Mr Allen has asked me for this brief and would like us not to
mention it to others outside SRD at present please.

I believe that to calculate the number of man Sieverts we would
use CRAC (or our marine dispersion code) with the NRPB de
minimis dose as a cut-oféf,

PP T SMust

22 July 1986

TO: MR H J TEAGUE “Afray
DR M R HAYNS
~DR R 8 PECKOVER M/fLVM
DR F R ALLEN rc b
MR G M BALLARD
DR W NIXON
DR P CLOUGH

PS A typed version of the attached is being prepared.

£4 ﬁ‘_//é,n Coepest ,;{CAJL[L%\J/ ?S’kj (ovelowrr vV
é_ C‘:‘jg (._;cc/( .



Recommendation @

The scale suggest®d in this Brief is one in which the severity
of the accide is measured in tgﬁﬂg;éf Hhe—logarithm {to the

bhase - ten)-of Mhe number of Man

of radiation calculated

to be produced by the accident, ie

. i
On this scale the Chernobyl accident rates g.5. ,0One wox
"the
on The Scdle". /Similarly ‘jThe 8é

MW -gv wﬁﬁ%c?:/@;ém&#‘

ldysay
ern .acecident, which hag killédf 28 people --G!QB.S
eld acoidsg in ic

a
activity wids rg¢leased to tlie sea, lled To-one: it rates 0.5/(5
on TheéSéglef 2 e = ratas S

(L2

Qther Scales dismissed % L

a)

b)

. i
\._..j;'s ==

= *'Um‘(f‘ 0O 20
34" - !
Mo

[l
'
Curies released "

A Scale could be based on the number of curies accidently
released from the nuclear installation. The drawback is
that one curie from plutonium does not produce the same
damage as one curie from cobalt. The proper unit to
measure damage to living things is the Sievert. It takes
account of the different between plutonium and cobalt {(and
all other radiocactive substances, too).

Sieverts

axamnﬁu'd&~{5¢ ﬁ AJQS anu&r-
The Sievert i iatd
delivers—i—dJoute—to—Tkitogremof +issue. We could
calculate, therefore, how many Sieverts a person -e¥f—

i would receive if situated
at a fixed distance from the nuclear installation. For
example he might be at the site boundary. However,

a) On the site boundary to the North-West of Chernobyl he
would have received much less radiation than a man 10
kilometers further away, we calculate. This is because
the radicactive "fumes" rose to a height of cover 300
meters above the reactor on the rising hot air from the
fire before being caught by the wind and blown up
country. Accordingly, the fumes ‘skipped' the site
boundary and did not begin to fall to the ground until
they were some distance downwind.

3G
feIJwe
A "Sdewsmm SCALE" FOR ACCIDENTS TO NUCLEAR INSTALLATIONS
Brief for the Chairman
By Dr J H Gittus 24 Jedy (56T~



In other imaginable accidents this effect would be less
marked or absent altogether.

b} On the site boundary to the South-East of Chernobyl he
would have received even less radiation. This is
because the wind was blowing the fumes away from him.

If we are to use Sieverts as the Scale we shall also have to
gay what height the fumes ascended and what the meteorological
conditions were. Four numbers at the very least {Sleverts,
height, wind-speed and direction) are needed, whereas for Ghe
Scale we must only have a single number. The number to use is
the Man Sievert:

The Man Sievert selected N I

Given:

a) The nqﬁﬁér of curies of plutonium, colbalt, iodine and
any other radioactive substance released.

b) The energy {(height) of release.
¢) The meteorological conditions.

We can calculate(given the population-distribution round the
installation) v What will be the total number of man-<Sieverts
attributable’ to the aCCidenELQZD

— -

-The Scale is now couched in terms of a single number.

man -S4
thareabouEeyr /0

This is a similar range ®g the Richter*ﬁqale and 80\it has a
ri - I » ;ﬂ\\*w

ng/zf/famil'arit—. e

Equivalent indices of harm

One hundred man Sieverts shared between some thousands of
people will cause one of their number to die from a resultant
cancer, some 10 to 40 yearsg later.
TE£ A smce yvecemg o Stevet hecrn A weele

is equlvélent to 5 cigarettes/in terms of the

increase in cancer deaths which it produces. i é 2

"Early" deaths

Some people close to the installation may die early. That is
to say within days or weeks of the accident. Twenty-eight such

early deaths occurred at Chernobyl. Two early deabtha occeurred—



in—the—accident—to~the—BSA—¥eae%ef—Sbvj/A Pose$ of more than 44
Sieverts to an individual person caused’ early death.

orm of words to us

THEYE is no straightforward relationship between the nyflyér of
early deaths and th umber of man<Sieverts and so one would
quote both figures. / ere are four examples of the form of
words which one would use: 1. 300
e
1) "The Windscale reactor i t measured on The Scale.
No-one died in the accident (ie there were no early

deaths™). . V5 W [ - 4 3, 000 coo

2} "The Chernobyl reactor accideﬁﬁZﬁEgg;red on The Scale.
Twenty-eight people died in the accident or shortly

afterwards". .
m Nevesbe (4€3

3) "The accideniZthch released activity from Sellafield
measured on The Scale. No-one was killed in the
accident"%g‘ 20

) - 4
4) "The accident at Three Mile Island measured 2«5 on The

Scale. No-one was killed in the accident although their
were two deaths due to road accidents in the evacuation
which ensured”. -

e ST (e M
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I have spoken to NRPB and MAFF to clarify some of the points.
1 ACTION LEVELS

The 1,000 Bg/kg action level was taken from the recommendations
of Article 31 Group of Experts and was proposed for a wide range
of foodstuffs based on the ICRP's lmSv/year dose limit. It is to
be contrasted with the Derived Limit recommended by NRPB which
comes out at 9,000 Bg/kg for the isotope mix relevant, ie Csl34
and Csl37. Thus the NRPB level would correspond to 5mSv from a
years consumption at fairly extreme rates. A factor in deciding
on the 1,000 Bg/kg action level in the UK was to ensure some
harmony with what is going on in the rest of Europe and thereby
protecting trade. The 600 Bg/kg figure quoted in the press is a
number adopted by the CEC essentially for imports from the
Eastern Block and imposed on all foodstuffs except milk and those
intended for babies.,.

2 PERSISTENCE QF ACTIVITY

First of all on pasture. The opinion of both NRPB and MAFF is
that by far the most important pathway is ingestion of activity
directly deposited on pasture. This is washed off into the
ground with a half life of about 14 days. It is also diluted on
the pasture by the growth of grass. I mentioned in my previous
note that sheep consume gquantities of so0il and that there is
uptake of activity by the roots of plants. Neither of these
pathways are really significant because the caesium becomes fixed
to particles of clay in the so0il. This is then not easily
absorbed into the sheep's body and is not easily absorbed by the
roots of plants. The conclusion is therefore that the available
activity decays with a half life of a few weeks.

Persistence of activity in sheep. Since the NRPB published their
report DL7 they have reconsidered the model used there for sheep.

The persistence of activity in muscles with a half life of 120



@)

days now seems an over-estimate. They now think about a month.
MAFF have suggested that the appropraite figures are: for full
grown sheep 50 days and for lambs 20-30 days.

3 VALUE OF THE BAN

The ban of 21 days is expected to roughly halve the levels of
activity in lambs, The existing time periocd appears to have been
the balance of consideration of the biological half life etc and
of the fact that the Minister can authorise a ban of up to 28

days without it needing to be discussed in the Commons.

A further reason for imposing the ban was that it will give MAFF
enough time to deo further monitoring and establish more closely

the existing areas of greatest concentration.

The value of removing lambs from grazing, thus eliminating intake
of Cs137 etc, seems to have been considered but, given the
relatively short persistence time on pasture, there is little
value in this compared with simply 1leaving them to graze
normally. I understand that most of the lambs which were in the
areas of highest deposition would not be slaughtered until August

or September, so the contamination would be down by a factor of

about 4 anyway
4 CONSEQUENCES

The NRPB level of 9000 Bg/kg is set on the basis of a 10 year old
eating 20kg of lamb per year. This consumption rate 1is an
extreme value; a more representative one would be 3Skg/yr. If
this more reasonable value is taken then consumption for one year
of lamb contaminated at the UK action level of 1000 Bg/kg would
lead to a dose of about 0.1% mSv. To reach this kind of level a
person would have to deep freeze some of the most contaminated
lamb around now and eat it for the rest of the year. Natural

background is about 2mSv/year.
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ITEM IV - THE USSR CHERNOBYL INCIDENT (NPWS 7/86)

9. MR TEAGUE introduced the paper by remarking that although
the information which it contained about .the reactor and its
design features was well founded, the events and accident
sequences were necessarily highly conjectural until more reliable
information emerged from the USSR.. He described the reactor

as typical of a large class of Russian reactors of which
important features were- (i) its large size, (ii) spatial
instabilities, (iii) complex control system and (iv) on load
refuelling. In consequence, of the 1700 channels, nearly

1/10 contained control rods, The reactor at times in its life
had a positive void coefficient. The graphite was cooled by
conduction and gas convection with Nitrogen and Helium mixture
adjusted to maintain temperature levels. Some of the graphite -
could reach temperatures as high as 760°C.

10. The Russians were alive to the safety issues and had paid
_very considerable attention to such matters as emergency core
cooling, effect of breaches in coolant pipes and employed a
multi-compartment containment system of which the suppression
pool beneath the reactor was a part. One design basis accident
was single tube failure. The core box was then protected by

a bursting disc discharging to the pressure suppression pool.

5
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13. The best information on the accident had been obtained
through the Nuclear Energy Agency of OECD, Its Committee on
severe accidents had been able to "back-track" from information
received from its members in the early phases to a possible
source term.,. The reported information emphasised (i) an
explosion occcurred without warning with the reactor operating
at 7% of full power followed by a power rise over 10 seconds
to 50% during which the top of the core blew off and (ii)
an intense fire with 100 ft flames ensued. MR TEAGUE conjectured
that the most likely origin was an instability of flux pattern
leading to a local power excursion. The ensuing rapid power
transient caused overheating and a rapid increase in steam
quality leading eventually to dry out and overheating in a
number of fuel channels. Reaction between the steam and
zirconium produced hydrogen and more heat and led to multiple
tube failure,sufficient to cause top of core to 1lift off
exposing tubes with fuel. The scale of the failure was too
great for the pressure suppression system to cope with. Because
this reactor has more zirconium than in a PWR, the potential
exists for productlon of large quantities of hydrogen The -
damage could admit air to 4 hot graphite stack which ‘could
ignite. )

;

14, This situation appears to have released 1-10% of core
inventory within the first few days with subsequent release
continuing over several days whilé the fire continued. The
mix of fission products seen was consistent with the reactor
not being critical at power. The estimate of total release
of volatiles was 20%, but a large proportion of the core has
been affected.

15. MR TEAGUE saw few direct implications for the Naval
programme, especially since Naval PWRs had strong leak tight
containments which could not be bypassed. UKAEA, BNFL and the
Electricity Boards see one major outcome, simply as greater
public awareness of the potential consequences of severe
accidents and therefore are considering fuller publication of
accident plans. The fact that effects were felt at very long
range came as a surprise, although it did not appear that any
local population exceeded the whole body ERLs. The USSR
accident arrangements were severely criticised and inevitably
this casts doubt on those within the UK. The view is that more
information will need to be made publicly available. The fact
that a severe fire occurred, aggravated the initial response
and posed questions about the means of fire fighting in a
radiocactive/high radiation environment. Of the lessons
learned, see para 6ix of the report, he emphasised the need

to develop accident management by studylng possible sequences
of events and actions. The evidence from Chernobyl suggests
that the operators were slow tc diagnose what was wrong.

16. MR DUNSTER was assured. that,where ERLs were referred to
in the paper,they corresponded to the lower values. DR MARSHAM

L

6
CONFIDENTIAL




ARV | 1T

-

CONFIDENTIAL

regarded the paper as an expression of view from SRD. UKAEA

as a whole did not subscribe to all of its assertions. He
queried whether any of the graphite would exceed 500°C at

7% power. The figure of 700°C might be reached after full

power operation towards end of life and he could not imagine
temperatures exceeding 400°C if the reactor had only been at

low power. DR MARSHAM pointed out that spatial instabilities

and a positive void coefficient could be dealt with by appropriate
design of the control system and were not inherently dangerous.
The vital question was, "why did the means of controlling then
not work?"., He felt that the nub of the matter did not 1lie

with the intrinsic properties of the reactor. Despite many
problems, the fact that it proved possible to derive a source
term and predict fission product composition had been an enormous
success story. It showed that the major consequence factors of
the incident were understood despite the fact that it had not
been possible to validate the answers. He took strong exception
to the suggestion in para 6viii that Chernobyl could be likened
to learning nuclear safety technology by making mistakes.

17. MR GITTUS argued that the mere listing of technical features
which were possible contributory factors did not necessarily
imply that they were the cause of the accident. An increase

in reactivity may have been sparked off by failure of absorbers.
It could not have occurred spontanecusly. The Russians started
to build reactors of this type in 1954 and were building a

600 MW version by 1958. They had a vast fund of experience -
something must have triggered a seguence of events which .
culminated in the accident. DR MARSHAM repeated his view that
the methods for controlling reactivity are known - why did

they not work?

18. MR GITTUS regarded paragraph 6viii as expressing a public
perception, In the eyes of the public, having had an accident,
they will find it difficult to .believe that the nuclear industry
is not operating this way. MR TEAGUE agreed and reminded the
Committee that SL1, SPERT and TMI could be adduced to support
this perception. DR MARSHAM pointed out that paragraph 6viii

did not explicitly associate the remarks with a public perception
of the situation and he still regarded. it as unfortunately
expressed. '

19. MR TEAGUE added that at an IAEA meeting during late August,
the Russians had promised to provide further particulars.

He regarded the statement that none of the papers on the cause
of the accident would be available in advance of the meeting

as an indication that they were unlikely to be very forthcoming.
THE CHAIRMAN deduced that if the Russians were continuing to
operate similar reactors at full power they must either know

the cause and are able to attribute the accident to a known
error or they are being foolhardy. He could not accept the
latter and thought the most likely cause was human error.

Ta
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20. MR DUNSTER commented on the uncertainties associated with
the source term, the changing wind directions during the

release and the complex and uncertain analyses. The Russian
ERLs were ten times those of the UK. He understood the need

to evacuate was based on the dose from material on the ground
and did not pay heed to the dose from inhalation during passage
of the c¢loud. He suspected that there were places where the UK °
lower ERL would have been exceeded and where no action had

been taken. MR TEAGUE reminded the Committee that the release
had occurred at a high level. MR DUNSTER queried whether there
had been an inversion layer at any time. He was sceptical

of the somewhat cosy view expressed in the paper. It could be
over simplified and therefore misleading. The UK would be
unwise to accept unquestionly what the Russians say or publish
about the effectiveness of the measures taken to protect people.
Their perception of what was an acceptable risk may differ from
that of the West.

21, PROFESSOR FARMER commented that it would only be acceptable
to the Russian Government to shut down a reactor type if the
power supply network could cope. He instanced &ituations where
the Russian practice with pipes containing liquid sodium was not
in accord with UK. He supported Dr Marsham's view that the
situation would not necessarily be improved by doubling the
amount of safety work, nor would all accident possibilities be
covered. He advocated preparedness for all contingencies
including evacuation and -action to minimise possible thyroid
doses,

22. MR DUNSTER emphasised that one lesson MOD should pay

heed to, was driven firmly home to NRPB by Chernobyl. There

was a strong case for having a pool of quantitative information
available to the public to be drawn on by a wide range of
bodies. Each Public Authority, each Government Department,

each Local Council expects to have immediate detailed meonitoring
and other information specific to its area on tap. He thought
it would be essential in the next few years to establish this
type of information, where it should be held and to whom issued.

23. DR PANTON referred to the .CCU(N) meetings which are
coordinating the reassessments forced on all Departments by
recent activities. The aim was to report by October 1986 and
to have re-examined all accident response arrangements. MOD
was represented and CSA with other Chief Scientists were also
looking at aspects of the aftermath. Failure of the third
IAEA forum to generate a complete picture will create pressure
for further diplomatic/political action in parallel with
international protocol such as through IAEA which would have
implications for MOD. In answer to THE CHAIRMAN, DR PANTON
said this action had not spawned any new committees. DR MARTIN,
DHSS, supported the view that there was a need to keep the
public informed - Chernobyl had shown that even the term

< 8
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"reassurance" was taken by some people to imply that real
harm had occurred, not that the levels were trivial. THE
CHATIRMAN agreed that some people-did not want to be reassured.
He felt that a major difficulty was that Ministers would be
subject to a whole range of new problems despite attempts by
officials to rehearse by way of accident exercises. In MOD
this could easily lead to a real security problem. In

MR DUNSTER's opinion the media had behaved responsibly and
had not indulged in scaremongering. MR GITTUS thought this
was because, when they did so, their switchboard was jammed;:
nevertheless they were the source of most of the hard
information. ‘ CT
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Defensive Brief on Paragraph 10

Exposure of individuals to very high doses and dose rates of radiation (more
than 5 sieverts, say, within a short space of time) is likely to cause
serious 1llness within a perlod of a few days or weeks and/or death. Very
much lower doses and dose rates, operating in a completely different way,

may increase the probabllity of developing delayed effects such as leukaemla

and cancers.

For the purposes of estimating the total risk of such delayed effects in
populations exposed to low doses, it is generally assumed that risk is
proportional to dose, without threshold (the "linear hypothesis”): in other
words, there 1s no difference in total risk between one individual receiving
one very high dose, an individual receiving the same total dose over a
perlod of may years, and a population receiving the same total dose shared
between them in very small amounts. On this basis, the International
Commission on Radiological Protection estimate from studies of survivors

. receiving low doses from the atomic bombs, and from analyses of the health
of patients exposed té-éubstantial programmes of irradiation in hospitals,
that the toal risk of fatal radiation-induced cancers is about 1.25 x

1072 Sv‘l. This is the direct basis of the numerical analysis in

para 10 and 11.

The radiclogical protection system recommended by the ICRP, which 1s the
basis of UK practice, has as its aim the limitation of occupational risk
from exposure to radlation to levels comparable to those experienced by
workers in "safe” industries: this is taken to be an individuwal risk of
death in any one year, from occupational causes of 1 in 10000. The system

of occupational dose limltation has three components:

(a) no practice shall be adopted unless its introduction produces a

positive net benefit;

(b) all exposures shall be kept as low as reasonably achievable, economic

and social factors being taken into account;

e
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{c) the dose equivalent to individuals shall not exceed the limits

recommended for the appropriate circumstances by the Commission.

For protection against delayed effects such as cancers, the current ICRP
limit is 50 mSv per year. Use of this limit, in conjunction with principles
{a) and (b) above, leads in practice to the average exposure to radiation -
workers being only about a tenth of the limit, ie 5 mSv per year.
Combination of this average exposure with the risk factor above leads to an
average individual risk of 6.25 x 1073 per year, or 1/16,000; or, in

other words, to a risk comparable to that in “"safe” industries. Mortality
studies among radiation workers, including Authority employees, suggest that

the risk in practice is at 1east.as low as this.

The ICRP themselves acknowledge that the linear hypothesis underlying these
calculations may well over-state the risk from very small doses,
particularly when these are calculated by extrapolation from irradiation
involving higher doses delivered at higher dose rates: "in tﬁese cases, it
is likely that the frequency of effects per unit dose will be lower
following exposure to low doses, or to doses delivered at low dose rates.”
Many radioblologists believe that the body has active repair mechanisms
which can operate at I'ow doses, and that the basic risk, for gamma rays at
least, requires two or more coincident events to produce damage. On these
assumptions, the same total dose of radiation will have less effect at low
dose rates than at high rates. While these beliefs are being tested, at
present regulations maintain the cautlous approach.

The Authority's response to requests for reassurance on radiation risk from
employees with high total lifetime doses, or their Staff or TU Side

representatives, should:

(a) admit frankly that on any reasonable assumption employeeé with higher
lifetime doses will run a slightly greater risk that those with lower

doses

{b) point out that even on the strict application of the linear hypothesis
to the ICRP's total risk factor the absolute level of risk is very

low.

(¢) 'stress particularly the probable comservatism of the linear

hypothesis, quoting specifically the ICRP comment above.

;



The Recommendations of the ICRP

1. The International Commission on Radiological Protection was established by the
Second International Congress of Radiology in 1928, and is widely regarded as the
appropriate body to provide international guidance on standards affecting the whole
field of radiological protection. The Commission's policy is to formulate the
fundamental principles upon which appropriate radiation protection measures can be
based; its basic recommendations, first published in 1928, have been reviewed and
revised as required in the light of increasing knowledge and experience. The
Commission is essentially different from other intermational bodies concerned with
the effects and control of radiation in that i1ts members are not national or

Government delegates, 1Its authority 1s therefore directly related to the standing of
ICRP members among their scientific peers.

2. The most recent recommendations of the ICRP {1977 and 1980) set out three major
principles underlying its system of dose limitation:

(1) Justification — no practice involving the use of ionising radiation shall

be adopted unless its introduction is judged to produce a net positive
benefit.

(i1) oOptimisation = all exposures to lonising radiation shall be kept as low

as reasonably achievable, economic and social factors being taken into

account., ..

(111) Limitation — the dose to individuals shall not exceed the limits
recommended by ICRP.

The system of dose limitation is formulated in terms of an "effective dose
equivalent”, measured in sieveréé {Sv). This unit expresses the biological risk from
radiation on the same basis for all types of exposure so that the risk can be limited
to the same level whether it arises from ingestion or Inhalation of radioactive
materials or from external radiatioﬁ, and irrespective of the type of radiation or
its spatial distribution among the tissues of the body. The dose equivalent 1is
derived by modifying the absorbed dose (in Gy) by a quality factor; Table 1 shows the
values of the quality factor for different types of radiation:



Table 1

X-rays, gamma rays and electrons 1
Neutrons, protons and singly-charged particles of rest mass
greater than one atomic mass unit of unknown energy 10

Alpha particles and multiply charged particles (and particles

of unknown charge) of unknown energy 20
Thermal neutrons 2.3
3. To ensure protection against non-stochastic effects the ICRP recommend

for workers an annual effective dose—equivalent limit for any tissue of

0.5 Sv. The exception to this is the lens of the eye in which opacities may
be produced by irradiation. For this particular tissue the limit 1s 0.15 Sv.
If these limits are observed then 1t is unlikely that, over a working
lifetime, the threshold for non-stochastic effects will be reached. For
stochastic effects, which by definition have no threshold, the ICRP has
derived its estimation of risks in terms of dose—equivélent. These, for

induction of fatal cancers in certain organs, and for hereditary risks* are

shown in Table 2.

Table 2

Organ or tissue Risk factor Effect
(sv-1)
Red bone marrow 2 x 1073 Leukaemia mortality
Bone 5 x 1074 Bone cancer mortality
Lung 2 x 1073 Lung cancer mortality
Thyroid 5.%x 1074 Thyrold cancer mortality
Breast 2.5 x 10=3~ Breast cancer mortality
All other tissue 5 x 1073 Cancer mortality
Any other single tissue 1 x 1073 Cancer mortality
Uniform whole—-body
irradiation 1072 Cancer mortality

Uniform whole-body Hereditary effects within

“irradiation 4 x 1073 first 2 generations

* It should be noted that no hereditary effects have been detected in humans,

either in bomb survivors or in medical cohorts. The estimates are formed by

cautlous extrapolation from animal experiments and may be regarded as
plausible upper limits.



Using these estimations of risk there can then be derived a dose—equivalent of
uniform whole-body irradiation which 1f not exceeded will place workers in the
same category of average mortality risk, 1.e. 10"4, as workers in other

safe industries. The ICRP has recommended that this be limited annually to
50 mSv.

4, The dose limitation system {s also based on the principle that the risk
should be equal whether the whole body is irradiated uniformly or
non~uniformly. If the latter, then a welghting factor is used to reflect the
risk of irradiation to certain tissues (see Table 3). This takes account of
the radiosensitivity of wvarlous tissues and the proportional risks of
irradiation. The annual dose-equivalent in any tissue must be multiplied by
1ts weighting factor, and the sum of such separate dose-equivalents should
never be greater than the limit for uniform whole-body irradiation of 50 mSv.
For such tissues the limit for non—-stochastic effects must also, of course,
apply. For the thyroid gland, for example, the stochastic dose—equivalent
limit obtained by dividing the limit of 50 mSv by the thyroid weighting factor
0.03 would give an iﬁplied dose—equivalent of 1.7 Sv. This however exceeds

the non—stochastic limit of 0.5 Sv which mist be the overriding constraint.

Table 3

Tissue Weighting Factor (Wrp)
Gonads 0.25

Breast 0.15

Red bone marrow 0.12

Lung ) 0.12

Thyroid ) N 0.03

Bone surfaces : 0.03

Remainder 0.30




5. The Recommendations of the Commission cover in great detail the
limitation of ingestion or inhalation of particular radionuclides so that the
Primary recommended limits are met. For occupational exposure to radicactive
materials the Commission believes that the time over which the dose equivalent
should be integrated 1s a working life of 50 years. The total dose equivalent
in any tissue over the 50 years after intake of a radionuclide into the body
is termed the Committed Dose Equivalent. The annual limit on intake (ALI} of
a radionuclide is a secondary limit designed to meet the basic limits for
occupational exposure recommended by the Commission and is derived from the
stochastic and non-stochastic limits such that the ALI 1s the greatest value

of the annual Intake which satisfies both of the following conditions:

(a) the sum of the committed dose equivalents to a particular tissue

{taking account of the relevant tissue weighting factor) is less
than 50 mSv,

(b the total committed dose equivalent is less than 0.5 Sv,

Finally, for convenilence, the Commission recommends values of derived air
concentration {(DAC). The DAC for any radionuclide is defined as that
concentration in air which, 1f breathed for a working year of 2000 h under

conditions of “light activity”, would result in the ALI by inhalation.



File No. ........ccoorvrveeen

Mr M A W Baker S j§ Qi
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Dr Lomer
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Dr Pearce

Note to Staff about Cherncbyl: Defensive Brief

—
You may be interested to see the final version of the Defensive Briefing
on Paragraph 10 of the Annex to the Chairman's letter of 10th July. This has
been prepared by Dr Pearce in the light of comments in particular from Dr Lomer.
I have sent out this final version to Senior Administrators,

E Hollis

Employee Relations Branch
28th July 1986
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Mr. Alastair Goodlad, MP

Parliamentary Under-Secretary of State

Department of Energy

Thames House South

Millbank

London SW1P 4QJ 28 July 1986

Dear Minister,

The cther Chairmen of the Nuclear Industry and I have had a wide ranging
discussion about the nuclear issues facing the UK and would like toc advise you
of our thinking. We applaud the Secretary of State's speech of 26 June 1986
which reflects the unanimous view of the industry on the importance of nuclear
power in the UK.

Considering first the Magnox stations, may we remind you that there are a total
of 26 reactors operating in the UK with a total net capability of 4159W. In
addition, there are single reactor stations of the UK design in operation in
Italy at latina and in Japan at Tokai Mura.

Electricite de France still operate 4 Magrnox reactors in France and one reactor
at Vandellos in North Spain. All of these reactors are subject to a
camprehensive safety review after about 20 years operation and the various
Licences will each need to satisfy their respective licencing Authorities that
continued operation is satisfactory in the light of modern practices and
standards. Before the accident at Chernobyl, the conduct of the Long Term
Safety Reviews in the UK was being raised in same quarters as a matter of public
concern. The Chernobyl accident has been used by those opposed to the continued
operation of Magnox stations in the UK to whip up concerns amongst the general
population; a task that has been made that much easier because of scame
superficial {and misleading) similarities in features between Magrnox and RMBK
reactors.

The pressures in Italy have been much greater however, and there is still the
real possibility that the Ttalian Goverrment will decide to "sacrifice" Latina
in an attempt at reducing pressure on the remaining nuclear programme. The
matter is likely to came t0 a head at a Oonference the Goverrment is arran_:;:.ng
to review the nuclear issue in November or December.

The Japanese are nervous but not under any great pressures; the French are
relaxed but have expressed a wish to discuss Magnox safety issues with us.
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The safety of the Magnox stations on a day to day basis is not in question;

a position that is fully supported by the NII. However, there are genuine
technical issves to be addressed in relation to the longer term cperation of
Magnox stations. The NII's requirement that we should make comparisons with
modern safety criteria applied to the very latest stations has identified 3
principle areas where detailed technical debate is ongoing between Licencees
and the N1I. These are the integrity of the steel reactor pressure vessels,
the seismic capability of the plants and the extent to which full numerical
risk analysis techniques should be applied. Matters are conplicated still
further by the fact that the current safety cases for individual stations are
mot identical. It is most important that this technical debate which is
fundamental to the Licencing Process in the UK should be allowed to run its
course to the conclusions that either the owners or the NII may reach without
being prejudiced by public fears or percept.tons.

To summarise, the Magnox issues are conplex. The operation and safety
assessment strategy, the approach to public responses and publication of safety
cases adopted by one Licencee will restrict freedom of action of the other
Licencees. We recognise the importance of providing you with coherent UK

advice which takes account of possible external influences and we have therefore
arranged to reinforce the existing Magnox Technical Group. A list of the
revised tasks of this Group is appended at Attachment 1. We have agreed that an
industry meeting, at Chairman level will be held, if these Magnox discussions
suggest one is needed.

It is important. to remember that these Long Term Reviews are the business of
the operators not samething imposed by the NII. It is therefore important that
the main effort con these Reviews should came fram the operators and the main
justification in public for the continued operation of the Magnox stations
should also come fram the operators. The NII response to these Reviews need
not be elaborate nor definitive, although to the public it must carry conviction
and to the operators it is an important supplement to the regular NII licensing
proceas vwhich takes place at least once every two years. Unfortunately the
public impression is that these Reviews are samething of vital importance which
determine whether the NII will permit the continued operation of the Magnox
stations or not. Clearly we need to explain the philosophy of our regulatory
system maoch more carefully and we the operators need to pay much greater
attention to the presentational aspects of Magnox safety to the public.

The AGR position is more stralghtforward. All parties agree upon the overriding
need to obtain maximn output fram the operating stations as soon as possible.
An important part of this exercise is the establishment of on-lcad refuelling
at the highest achievable power levels on all AGR's. There is still much work
to be done before the performance of newly cammissioned AGR's at Dungeness B,
Hartlepool and Heysham I reaches a satisfactory position. Following on fram
the Long Term Magnox Safety Reviews we may possibly have need to look again

at the early AGR's to came closer to the Heysham 2 safety philosophy.

As to a future AGR, the difference in policy between CEGB and SSEB is well -

known. There is good co-operation between the two Boards with joint funding of
NNC work aimed at preserving the AGR option at least into the next decade.

[ oo
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Particular aspects that are being exam:.ned by NNC as a matter of high priority
are:—
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(1) A dry, rather than wet, spent fuel route at the reactor.

(ii} A larger buffer store (to permit discharge of a large part of the
core to facilitate major repairs).

(iii} Some form of vented containment which could reduce the consequences
of unlikely_ accidents.

(iv) The feasibility and economics of an AGR refuelled predaminantly off-
load. This Study is requested by CEGB because this might similtaneocusly
avoid the cawlications of on-load refuelling and simplify the safety
case sufficiently to be econamically attractive. But those attractions
have to be weighed against acknowledged benefits of om-load refuelling
to see, on balance, if the present AGR concept is best.

CEGB judges that it would not be in a position to order a further AGR for some
time. This is because, in the light of experience gained to date, it is CEGB's
view that further optimisation of the balance between safety and econcmica would
be prudent and a Public Inquiry, of whatever sort, hnuld . postpone start of
construction to 1990 at the earliest.

The SSEB take the view that a next AGR should be based on Heysham 1I/Torness
whilst taking into account possible benefits from (i) to {iii) above, and that
main construction could start in mid 1988 if an Inquiry could be avoided.

Turning to the question of waste management, there is little that has not
already been said. NIREX have the responsibility for developing waste disposal
sites and they mist be allowed to get on with the job., NIREX are also exploring
the "sea disposal” coption which you will appreciate is a senasitive issue. The
Industry is continuing its investigations for a central dry store for irradiated
AGR fuel.

On the PWR front, CBGB recognises that Cherncbyl will raise additional questions
which must be addressed. Up to the present moment there is nothing about the
Chernobyl accident which would make us wish to change the design of Sizewell B.
It is inmplicit in the Sizewell B risk assesament that same further improvements
might be gained if the contaimment was vented or the concrete base mat cooled.
We ghall naturally look further into these options following Chernobyl, but we
know that the gain, if gain there is, will be a reduction fram a level of risk
which is already satisfactorily low. In the Sizewell B risk assesament we had
already considered cases in which the contaimment is fractured and those in
which the base mat melts.

/ i
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An important issue brought into focus by the Chernobyl accident is the adequacy
of current Emergency Planning arrangements and the public perception of these
Plans. As with the Magnox safety issue,” we think it important that you are
provided with a ccherent view. Here too we are reinforcing existing
collaboration arrangements to ensuresthat the consistency of emergency planning
arrangements across all UK nuclear establishments operated by CEGB, SSEB, BNFL
and UKAEA are systematically evaluated and that views on the need for change in
the light of Chermobyl are co-ordinated. Attachment 2 gives the tasks allocated
to the relevant Working Group. We shall of course take advantage of the work
of the Civil Contingency Unit and as individual managements will need to keep
in close touch with NII thinking as it evolves.

The Industry as a whole has becane very concerned about escalating regulatory
demands on our operations. We do of course accept the need for a safety
philosophy which demands of us constant vigilance and constant escalation of
our proof of safety, but that is quite different to the damands to reduce actual
emissions fram levels which are already unimportant to levels which are trivial
and where the demands upon us are more related to the popular perception of
risk than the actual risk.

Our final topic ie the difficult one of public acceptance of nuclear power.

We are pleased that you are taking a personal interest in this matter. :
Govermment Bupport for nuclear power is vital at the present time. As you are
aware the Nuclear Energy Information Group (NEIG) is active in the presentation
of information to Trade Unions, Political Parties, and is developing long term
information programmes. The Group also analyses public opinion through public
attitude surveys. BNFL are currently involved in an advertising campaign
encouraging the public to came and see for themselves the Campany's operations
at Sellafield. As you know the CEGB will be launching a local advertising
campaign to provide information to local cammmities about the operation of
nuclear establishments as an important way of informing the public about
different apects of nuclear power. We also recognise the need to be seen to

be open about all aspects of our operation although this may be uncamfortable
at times. ‘There is also a pressing need to tackle public concern and ignorance
about radiation and its effects, particularly at low levels of exposure, and

we are considering how best to do this. We recognise the importance of gaining
third party support since nowadays we fear that CBEGB and even NII spokeamen have
no more credibility in the minds of the public than the most extreme anti-
nuclear spokesmen. We have received a number of unsolicited letters of support
fram academics and on an individual basis, we have been encouraging academics
and industrialists to take opportunities to present the facts about nuclear
power as they see them. The Royal Society is about to launch a major campaign
to improve the general public's appreciation of science and to improve the
public's perception of risk. The Royal Society will be seeking financial
support fram the nuclear industry as well as other industries for their new
"high visibility" effort. The Watt Commlittee which represents all the
scientific amd engineering institutions in the energy field are also anxious

to take on a “higher visibility" role by providing a panel of "third party
spokesmen” on all energy matters, particularly nuclear matters. We are
therefore encouraging the Royal Society and the Watt Committee to co-ordinate
their activities closely and probably one will conentrate on scientific and

the other on engineering matters. There are a few other groups that might wish
to pramte the need for the nuclear power option but we do not expect rapid
results. The most pressing need is to educate people to the fact that living is
all about putting relative risks in perspective and that nuclear power ought to
be at the bottam of the list of risks. ,



/

From within the Industry, we are examining how we can best implement the open
information policy both in terms of reporting and publiation of incidents and

in terms of making technical information more widely available. It goes without
saying that we are happy to defend the technical campetence of our staff to
anyone. We must however find a way of doing this without adversely affecting
the businesses that we are charged to run.,

We are in lively discussion with the Department of Energy and the Department

of the Enviromwent about the classification and publication level for incidents
down to the most trivial kind. We hope that, in this way, we can implement

the Government's camitment to an open information policy but not simultanecusly
give grossly exaggerated weight to what are, in reality, unimportant events.

We also hope to develop a "Balsbury Scale" as an impartial way of signalling

to the public the qualitative importance of each event.

We are looking forward to discussing these issues and any others that you may
wish to raise with us on 28 July.

~ Yours sincerely,



ATTACHMENT 1

Magnox Technical Liaison Group

{Chairman: Dr B Edmondson, CEGB)

Revised Tasks

1.

2,

3.

6.

7.

8.

To encourage consistency of approach to safety aspects of UK Magnox
Stations.

To examine in this context the progress of Long Term Safety Reviews.

To examine options for similar harmonisation with Magnox plant operators

- gverseas.

To identify problems, both specific and of general policy purport,
stemming fram Magnox plant safety issues.

To respond to options for public dissemination of information on Magnox
plant safety.

To encourage a consistent approach to public responses on particular
Magnox plant safety issues.

To co~ordinate use of resources to these ends.

To resolve such problems as lie within the campetence of the Group,
referring others for resolution.

To Report regularly on progress, and urgently as the need arises, to
Senicr Management of the CEGB, SSEB and BNFL.



CHERNOBYL, — TASKS RELATING TO REVIEW OF
UK SITE EMERG

Mc R R Matthews was requested to carry out a review of UK Emergency Plans for
Nuclear Sites with the following terms of reference:-~

“*In co~gperation with appropriate representatives of the organisations concerned
to examine the Nuclear Site Emergency Plans of the CBEGB, SSEB, BNFL and UKAEA
with the following cbjectives:

1.

2.

3-

To encourage consistent principles and practices embodied in the
Emergency Flans.

Where any significant difference may be identified to bring it to the
attention of the organisation concermed, with the intent that all
interested parties should have available an explanation for use in
public discussion and debate.

To collect views on the possible need to modify or amplify the Plans
as a consequence of information and data derived fram the Chernobyl
accident.

To Report regularly on progress, and urgently as the need arises, to
Senior Management of the CEGB, SSEB, BNFL and UKAEA.
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W PRESENTATION AT BOOTBS BALL, KRUTSFORD, ON THE CHERROBYL ACCIDENT

The Westinghouse presentaticn, on Tuesday 15 July 1986, at NNC
Knutsford, stated the aims of their programme for the Chernobyl reactor
accident, which was to:

Understand RBMK-1000 plant design, operation and safety case

Compare RBMK-1000 with PWR technology

Understand Chernobyl accident

Investigate lessons learned

W said that technical information on the REMK reactor design and
operatzon was limited for Chernobyl units 3 and 4, but they had available to
them several individuals with first-hand knowledge of the Soviet design and
operational philosophy. W were using their own resources on:

- Reactor design and operational procedures

« System analysis and integration capability

[}

lessons learned from TMI-2
- Severe accident methodology
They alsc had interaction with the USNRC and USDOE technical staff.

The general description of the reactor was taken as read and only those
parts W felt needed careful discussion in making their technical points were
described in any detail.

In the lengthy free exchange of views between those present on core
physics and the thermal hydraulics of the reactor, it was obwvious that the
views of the meeting on what had caused the accident at Chernobyl were not in
any way fixed. W admitted that they had not done many calculations but
rather more literature surveys. On the other hand, SRD and the CEGB's BNL
had done, and were continuing to do, a fair amount of calculation on the
physics and thermal hydraulics of the reactor. Winfrith have been associated
with these calculations but they were not present at the discussion.

The meeting also discussed the likelihood of a steam explosion or
zirconium pressure tube failure as alternative links in the accident chain.
There were differences in views between the UK and W which were not resolved.
These points are enlarged on in Annex 1 by A N Hall.

The meeting agenda included a discussion of the RBEMK safety case for
which little information was available.

Source terms and accident consequences were summarised by SRD with
questions from the meeting.
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W summarised the specific REMK characteristics which may have influenced
the geverity of the Chernobyl accident. These included:

Qperating margins

Reactor cooclant flow control

Positive moderator coefficients

Shutdown system design/operation

- Emergency systems actuation/operation

Containment
- Accident design margins

Some specific features of the REMK which appeared not to have worked and
therefore played no mitigating role in the Chernobyl accident severity were:

- ECC system design

ECC system may not have been actuated

Containment did not include reactor core

Suppression pool

Hydrogen mitigation system did not appear to work

W concluded that the RBMK design has a very narrow acceptable operating
region:

Depends on continucus positive operation action to remain within
acceptable limits

Deviations can result in ‘'fast' transients

The RBMK design does not have recoverability strength:
:, = Design based on prevention rather than mitigation

- Only designed for limited range of accidents

W said the Chernobyl accident had not made much impact in the US in
comparison with its impact on Burope. This was probably because the US
population was not directly affected and alsc because of general anti-Russian
feeling in the US. W said that the specific lessons learned from the
Chernobyl accident with potential impact on LWR safety were limited to:

= Containment performance for severe accidents

- Hydrogen burning potential
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- Emergency planning
- Effect of operator action

Most of the lessons learned from Chernobyl are already addressed by
post-TMI-2 upgrades to plant,

W said that they had information that historically there had been 3 core
damage accidents to the RBMK system in 80 reactor years:

- one major release

= two limited release

Extrapolating (with no improvements) with 19 units operating:
C D Probability = 0.5/R-year (one per 2 years)

C M Probability = 0.2/R-year (one per 5 years)

The CEGB Sizewell 'B' PMT presented their views on how Chernobyl would
affect Sizewell 'B' PWR.

The Inspector's report was expected in October, together with NII
.approval.

The PMT thought that questions may be asked by the Inspector of the
relevance of Chernobyl to Sizewell 'B’.

In view of the Chernobyl accident, the PMT had set themselves the task
of reviewing likely questions on:

~ Emergency planning review
- A look at reactivity results - fast transient, inherent
characteristics, operator action, moderator coefficients, pellet clad
interaction, boron faults.
They expected to review containments features such as filter vents and
other ideas. The containment by-~pass leading to loss-of-coolant would be
re-~examined ('V' sequence - SG tube rupture, etc).

With aircraft crash there were small margins.

Hydrogen explosions would be re-examined. The use of H in the volume
control tank and gases to radwaste plant using H, will be looked at.

Operator error was already being addressed in detail and this would
continue.

Operator recovery actions will be examined.
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The consequences of beyond the design basis accidents need further
examination. What can we do if they occur?

[}

suggested that the PMT starts by reviewing its Degraded Core PRA.

W overheads of their presentation are available.

P G Bonell

16 July 1986
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ANNEX 1

Taken from Section 2 of the draft AEX paper 'Restart of operation of the
Winfrith Reactor', by Dr J H Gittus, 18 July 1986.



Finally;-fﬁel overheating could have occurred because the delay in actuation
of the engineered safeguards exceeded the time required for a significant
ruel_temperature rise in the particular accident that occurred., It is
lmportant that core cooling be established rapidly. If core coaling were
d~layed, the ccre could dry out and fuel temperatures c¢ould rise to those at
" which substantial okidation of the zircaloy fuel clad could occur (over 1000
C}. 1If supplies of water were then supplied to the dried out fuel, the
zirconium oxidation might be atoked by the supply of water and the heat
released could accelerate core damage to fuel meltdown, rather than bring
about quenching of the hot ma}terial. Hydrogen ;rould alac be produced by

this reaction,

Following fuel overheating, core danage could propagate in a nunber of ways.

Steam explcsions could ocour if fuel melted and mixed with water.
.ternatively, §he prpsauré tubes might rise to high temperatures, be

weakened and r:ail. releasing steam aﬁd hydrogen into the graphite moderator

as suggaested by Hestinghou.ﬁe.

For fuel to reach high temperatures and melt, fuel channels would have to
gry out. Steam explosions could not therafore occur unless liquid c¢oolant
re-entered the drisd-out channels, Thus, there would have to be water

remaining in other parts of the pressure cirguit that ¢ould re-enter the
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channel at scme stage, or emergency injection to the channel would have to
occur to reflood it. If fuel melting occurred as a result of a reactivity
transient, then although vater would be forced out of the channels by the
increase in heat transfer, the punps would restore the flow as the transient
subsided.-. The general geometry of a long tube containing meolten material is
reminiscent of scme of the configurations which have been used in
experiments to promote auch interactions (eg a "shock tube"). The resultant
explosion might displace the stand~p1pe‘ closure expelling steam, hydrogen
and molten material into the reactor hall. The hydrogen might ignite and in
addition 1f the interaction involved unoxidised Zr.. expelled particles of
«.lg could burn rapidly. In thermal explosions involving molten A%,
chemical explosions involving the rapid oxidation of finely divided At afe
often observed, The combination of steam pressure, hydrogen andg ir burning
would probably collapse the relatively light reactor hall, causing the

overhead crane to fall as reported.

A difficulty in interpreting the in-core explosion as a steam explosion
arises if, as appears likely, the circult pressure were clcse to its normal
value of about 7 MPa at the time of the éxplosion. Various studies have
'oncluded that a steam explosion is difficult to trigger at high pressures
(>1 MPa)., There is, however, evidence that a steam explosion occurred
during a reactivity transient in an in~pile experiment at EGXC Idaho at a
pressure of 6.4 MPa, so a steam explosion in the Chernobyl reactor at normal
operating pEessure is a possibility. Furthermore, if pressure tube fallure
occurred during the melting transient the resulting depressurisation would

reduce the local aystem pressure.



For pressure tubes to risze in temperature and weaken as suggested by
Westinghouse, either the rate of heat generation in the fuel following
channel dry out would have to be not much greater than that in normal
operation or the fuel would have to melt and relocate prior to pressure tube
failure 30.23 to come Into contact with the pressure tubes and create hot
spots. In normal cperaticn, the maximum graphite ;emperature 1s 550C and
the temperature close to the presaure tubes approaches the coolant
temperature (the maximum graphite desigh temperature of 750C is not reached
in normal cperation), As Chernobyl Unit 4 had been at low power for a
~uple of hours prior to the accident, the graphite and pressure tube
temperatures would probably have been in the range 300-L00C. The integrity
of the pressure tubes would pe in doubt'once they reached a tanﬁerature of
about 700C. Following channel dryout, heat wouid he transferred from the
fuel to the pressure tube walls mainly by thermal radiation. Simple scoping
caleulations indicate that if heat were generated in the fuel at three times
the normal operation rate, the fuel would have risen in temperature to the
clad melting point (1850C) by the time the pressure tube wall had reached
700C. These temperatures would be reached at about 17s after a step
increase of power and dryout, so could occur within the 20-25s required for
full insertion of control/shutdown rods. For higher powers, fuel melting
would occur bhefore pressure tube failure, perhapa leading to pressure tube
failure by fuel relocatlion and contact with the pressure tube. For lower
powers, pressure tube failure could occur before fuel melting, but only irf
the delay befare reactor shutdown exceeded the already long period of 20-~25s

believed £o0 be required for full insertion of the control/shutdown rods,
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If the pressure tubes weakened and falled due to high temperatures, steam
and hydrogen generated by oxidation of zirconlum would be rapidly released
into the graphite moderator., A vessel surrounds the moderator, but it and
its bursting disks are only believed to ba capable of coping with a single
tube rail_ure. Thus fallure of several preasure tubes might fail this vessel
and disrupt the core', perhapa glving the appearan-c;e of an explosion. Of
course, water would flow from the steam drums into the breached pressure
tubes and steam explosions might occur in this case also. The hydrogen
released could also cause an explasion if it mixed with air, but the
rraphite moderator of the Chernobyl reactor was inerted with a helium/
nitrogen mixture ahd the core was surrounded by a nitrogern blanket, s¢ an
in~core hydrogen explosion could not have occurred unless the inerting

syatems had failed.

In either the case of steam-explosions occurring in-core or the case of
pressure tubes falling through high temperature weakening, hydrogen would be
released into the reactor bullding and reactor hall. There it would mix
with air and be ignited by hot fuel debris ejected with it from the core,
causing the reported hydrogen explosion(s)} and the structural damage seen 1in

Aotographs,

Breach of a fuel channel would probably prevent cooling of the fuel in that
channel and damage inlet pipework, leading to a loss of coolant, As the
coalant system on RBMK 1000 reactors ls divided into two separate loops
however, only one loop might suffer a loss of coolant accident If the
initial damage were sufficiently localised. If only one loop were breached,

the core might be treated as three separate regions: the initial damaged
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region, which might not be coolable even if ECCS water were available; the
rest of that circult, which would undergo a loss of coolant accident with
long term fallure of ECCS; the other circult, which would underge an intact
circulit fault with long term loss of feed. The different regions would have
dirrereqp thermal time constants and in such a situation, th§ damaged region
of the cor:;e could grow and release volatile fission products over an
extended perlod of time. In the case of Chernobyl Unit 4, the decay heat
would have been augmented by heat released by burning zirconium and graphite

in air and this would have accelerated the propagation of core damage.

Containment of fission products released from pressure circult,

Reactors in which the c¢coolant becomes significantly contaminated with
radicactive materials during normal operation are provided with secondary
containment structures so that a radiological hazard would not arise in the
case of a large loss of coolant aceldent. These secondary contalmment
structures are designed to withstand the pressurization resulting from a
large loss of coolant accident and in the case of large modern PWRs, they
are also assessed to be capable of withstanding the hydrogen burns that
might follow core degradation and oxidation of zirconium fuel clad by steam.
-ndeed, a hydrogen burn did ocecur in the secondary contalmment bullding at
Three Mile Island, but the éontaimer;;_ranained intact. It !.;{ therefore
clear that secondary containmenf. structures can significantly reduce the
consequences of beyond design basls aceidents by elther preventing or

mitigating releases of fission products to the environment.
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SECTION 3: DEGRADED CORE ACCIDENTS: WHAT MAY HAVE HAPPENED AT CHERNOBYL

Information on the events at Chernobyl is at present incomplete, s0 a
definitive description of the accident cannot yet be glven. The methodology
of degraded core analysis has been developed over many years however, and
this provides a framework for the assimilation of such information on the
accident at Chernobyl as has been made available. It has been found that an
effective method for analysing hypothetical degréded core accldents is to
break the accldent sequences down into a number of separate steps. These
steps would ideally be completely independent of one another: 1ln practice
they are not, but they usually are sufficlently independent to make the

division into steps worthwhile. Generally four steps are considered, these
being:

accident initiation;
cessation of nuclear fission by reactor shutdown;
provision of cooling to avold core degradation;

containment of fission products released from pressure circuit,

The accident at Chernobyl may be considered within this general framework.

Acclident initiation

The first step 1n a hypothetical accldent 1s the initiation of the accident.
An event occurs that causes an imbalance between the heat generated in the
reactor core and the heat removed from the core by the primary coolant.
There are many ways in which such an imbalance could arise. It could arise
from a loss of primary coclant through a break in the primary circult
pressure boundary causing a reduction of coolant pressure, volding and
ultimately uncovering of the core, It could alsoc arise with an intact
primary circult boundary, however. Intact circuit faults could include an
increase of reactor power, a reduction of coolant flow through the core or,
ih the case of reactors with indirect steam cycles, a reduction of heat
transfer from the primary to the secondary coolant.

In the case of Chernobyl, President Gorbachev referred to an ‘'increase of

capacity' in his statement on Soviet television, which could indicate an

increase of the power of the reactor from its reported initial 'hot
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shutdown' value of 6-7% of full power prior to the accldent. A reactivity
transient could be a plausible initiator of the Chernobyl acclident as it
appears that to optimise fuel burnup in RBMK 1000 reactors, the Russians are
prepared to allow them to operate with a small positive vold coefficlent.
A3 an increase of reactor power would increase the volding in a fuel
channel, positive feedback would reinforce rather than counter the rise in
power. Operaticn under these conditions would not be permitted in the West
and ihdeed reactors at Gentilly and Marviken were closed down when they
exhiblited such behaviour., Furthermore, the large volume of the RBMK 1000
cores allowa local regiohs to became supercritical and causes the reactors
to suffer various radial and axlal power instabllities that have to be

actively suppressed by automatic local area controllers. Failure of a local
area controller could therefore lead to a local power excursion,

It should be noted however, that although a reactivity transient could be
caused by an incldent such as control rod withdrawal or fallure of a local
area controller, it might also posalbly be a result of a loss of coolant
accident initially affecting a locallised reglon of the core and causing a
reactivity translient through the positive vold coefficient. 1In this case,
the breach causing the loss of coclant would be regarded as the initiating

event.

Cessation of nuclear fission by reactor shutdown

The second step In a hypothetical accident 13 the shutdown of the fisslion
reactions in the core. This action, known as either reactor trip or scram,
is the first of a series of safeguards provided to prevent accldent
progression to core degradation. It causes the rate of heat generation in
the core to fall to less than 5% of the normal cperation value within a
minute of shutdown and should place the heat generation rate well within the
capability of the cooclant to accept heat from the core, If the reactor were
not shutdown, the accident would develop into an “antiéipated transient
without trip (ATWT}", which would severely load the primary circuit pressure
boundary. For the accldent at Three Mile Island and apparently for the
Chernobyi accldent however, the reactors were shutdown succeasfully.
Although the Germans have speculated that a recriticality occurred at
Chernobyl, radionuclide distributions measured in various European countries
have not shown the later peaks of short-lived radionuclides that would have
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been produced by this. Unless a recriticallity occurred so scon after the
initial events that the second peak of short-lived radionuclides could not
be distinguished from the first release, a recriticality appears to have
been unlikely.

Provision of cooling to avoid core degradation

Having shutdown the fission reactions in the core, the third step is to
establish and maintain core cooling. This is necessary because about 7% of
the energy liberated by nuclear fission is not released immediately, but is
released over an extended period of time as the fission products decay. The
decay heating rate in a shutdown reactor core 1s quite substantial, being
about 120 MW one minute after trip and about 40 MW after an hour for a 1000
MW (e)'reactor. To ensure that effective core coéling 1s established and
maintained in such circumstances, engineered safeguards are provided that
supply emergency cooling water to the core. Theae consist of passive
aystems, such as accumulators that rely on a pressure difference between an
accumulator and the primary circult to inject water into the primary
circult, and actively pumped systems., In the case of modern pressurized
water reactors such as Sizewell 'B', provision 1s made for the emergency
core cooling systems (ECCS) to draw condensate from sumps in the secondary
containment building once the primary source of water, the refuelling tank,
has been depleted. This enables the ECCS to operate almost indefinitely
provided cooling @r the secondary containment building is maintalned.

It 1s important that core cooling be established rapidly however. If core
cooling were delayed, the core could dry ocut and fuel temperatures could
rise to those at which substantial oxidation of the zircaloy fuel clad could
occur (over 1000 C)}. If supplies of water were then supplied to the dried
out fuel, thé zirconium oxidation might be stoked by the supply of water and
the heat released could accelerate cora damage to fuel meltdown, rather than
bring about quenchihg of the hot material. If molten fuel were to come into
contact with water, steam explbsions might occur, which would cause further
damage to the core and might present a threat to the presswre circuit
boundary, either directly by loading it impulsively, or indirectly by
fragmenting core debris into fine particles that could form an uncoolable
debris bed. In addition, the hydrogen generated by oxidation of zirconium
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in steam could burn if it escaped from the pressure circuit and mixed with
air.,

It 1s also important to maintain core cooling once it is established. If
this were not done, the core materials would dry out and melt at a later
stage of the acelident. For this reason, the ECCS of modern PWRS are able to
operate In a coolant recirculating mode as noted above. _

The Germans have speculated that at Chernobyl, fallure of an inlet header
supplylng 40 pressure tubes was the acclident initiator. In this case, a
localised reglion of the core might have been uncoolable from the beginning
of the aceldent, although reverse coolant flow through the tubes connected
to the broken header might have provided cooling, at least initially. There
are also reports that an explosion or explosions occurred within the reactor
vault at the start of the aceldent., This suggests that the fuel must have
overheated very rapldly to provide the initial conditions required by steam
explosions or hydrogen explosions, so effective cooling could not have been
established sufficiently rapidly, if at all.

The graphite moderator of the Chernobyl reactor was inerted with a helium/
nitrogen mixture and the core was swrounded by a nitrogen blanket, so an
in-core hydrogen explosion could not have occurred unless the inerting
systems had falled. Steam explosions could occur in the pressure tubes
however, If the fuel dried out and melted and then water re—entered the
tubes, Such steam explosions could breach plpework and disrupt the pile
cap, e}ecting steam, hydrogen and fuel materials into the reactor hall.
There, the hydrogen and zirconium alloy fuel clad could mix with air and
burn, causing the structural damage seen in photographs. Alr would then
have access to the core and zirconium and graphite remaining in the core
could then burn.,

It has been reported that the initial explosions caused the 200 Te overhead
crane in the reactor hall to fall onto the pile cap causing further damage
to the core and breaking pipework that would have allowed ECCS accumulators
to discharge water into the pressure tubes, The pumped ECCS are believed to
supply water to the inlet headers in the lower reglons of the reactor
building however, so scme core cooling might have been available initially.
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An explosion 1n a fuel channel would probably prevent cooling of the fuel in
that channel and damage inlet pipework, leading to a loss of coolant. As
the coolant system on HBMK 1000 reactors i3 divided into two separate loops
however, only one loop mighﬁ suffer a loss of coolant accident if the
initial damage were sufficiently localised. If only one loop were breached,
the core might be treated as three separaté regions: the initial damaged
region, which might not be coolable even if ECCS water were available; the
rest of that circult, which would undergo a loss of coolant accident with
long term failure of ECCS; the other circult, which would undergo an intact
circuit fault with long term loss of feed. The different regions would have
different thermal time constants and in such a Situation, the damaged reglon
of the core could grow and release volatile fission products over an
extended period of time. This would, however, depend on the extent to which

the pipes of the two loops were interlaced in the reactor core.

Containment of fission products released from pressure circuit

Reactors in which the coolant becomes significantly contaminated with
radicactive materials during normal operation are provided with secondary
containment structures so that a radicloglcal hazard would not arise in the
case of a large loss of coolant accident., These secondary containment
Structures are designed to withstand the'pressurization resulting from a
large loss of coolant accldent and in the case of large modern PWRS such as
Sizewell 'B', they are also assessed to be capable of withstandihg the
hydrogen burns that might follow core degradation and oxidation of zirconium
fuel clad by steam. Indeed, a hydrogen burn did occur in the secondary
contalmment, bullding at Three Mile Island, but the contaimment remained
intact. Dr Gittus, in his Proof of Evidence (P16) to the Sizewell Inquiry,
noted the contribution that secondary containmeﬁt structures would make
towards mitigating the consequences of beyond design basls accidents by
reducing the frequency of an uncontrolled release of fisslon producta to a
value almost two orders of magnitude smaller than the already low core melt’
frequency. Even in the few cases where the contaimment was predicted to
fail, the assessment was that for the majority of such cases, fallure would
not occur until several hours after the start of the accident, which would
allow physical and chemical phenomena mitigating the release time to
develop,
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The strength of the bullding around the Chernobyl reactor core is uncertain
to us, however. Some cell walls are reported to be capable of withstanding
a pressure of H bar but it is not clear if these completely surround the
core. In any case, the contalmment does not appear to have contalned a
missile shield of the type installed over PWRs and so would not have been
protected againat missiles from a steam explosion in a fuel channel. Once
the plpework above the core had been breached and the pllecap disrupted,
hydrogen and fuel rod materials would have been ejected into the relatively
light reactor hall where they would have burned and caused structural
damage. It appears that at Chernobyl, contalmment was breached shortly
after the start of the accident and although sand, dolomite and other
materials were dumped onto the reactor to mitigate releases, a significant
quantity of volatile fission products escaped nonetheless.

A further consequence of contaimment failure would be that water initlally
inside the contaimment building would be lost as steam through the breach
and so even if the ECCS were designed to switch to a recirculating mode once
the primary source of water were depleted, it would eventually fall and the

core temperatures generally would then rise.
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SECTION 4: SOURCE TERMS

The source term (or to give 1t i1ts full name, the radiologlcal source term
to the environment) for an accldent 1s that information from the study of
the in-plant progression of the accident which i3 carried forward into the
calculation of the dispersion of materlal through the environment and the
consequential health effects. The source term has several components:

a the amounts of the various radionuclides released to the
environment, expressed as fractions of the initial core inventories

{these can be converted into activities released given the activity
inventories);

b the height and the energy of the release (these affect the height
to which the plume rises and hence the distance the material is
transported);

o] time 3cales, such as the time and duration of the release and the
warning time that a release is imminent.

Source terms are routinely calculated in safety atudies for hypothetical
reactor accidents. Those calculated for the Sizewell B Safety Study are
exemplified in Table 4,1, which gives release fractions for the classes of
fission product contaihing the most volatile elements: the noble gases,

iodine, and caesium and rubldium. Four broad categories of accldent are
considered on this table:

Release Category A

Accldents of the severest type in which the containment fails or is bypassed
by a leaking pipe at the mament when the core becomes completely molten., A
substantial amount of highly active, volatile radionuclides will then be
released to the enviromment,

Release Category B

Degraded Core accidents in which the containment fails some hours after the

core melts: the release of radionuclides would be substantial although
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radioactive decay would have reduced thelr activity whilst dissclution,

plate-out and aeroscl sedimentation would have resulted in much retention.

Release Category C

All degraded core accidents in which the containment leaks or is penetrated
below ground level but does not fail above ground.

Release Category D

In this category we might place all degraded core acclidents in which the
contaiment does not fail, but may nevertheless leak at the deslgn-rate.
The release of activity 1s then only small.

Normally, when dealing with hypothetical accidents, one calculates first the
acclident phenomenology, then the source term and finally the environmental
consequences, each calculation using information from the previous one. At
present with the Chernobyl accident we know too little about the initial
conditions to follow this route. Instead we have to work backwards from the
amount of material found in the environment to an estimated source term
{which can then alsc be used as further informaticn on the nature of the
accident progression). In this backward calculation important assumptions

have to be made as to‘hou the various materials are transported through the
environment.

In the preliminary assessment of the Chernobyl source term (carried out by
Dr P N Clough) the data used were those from the Netherlands, Sweden,
Demmark, Finland and Hungary, collected over the period from 28 April to

4 May. Only information on the relative amounts of the different nuclides
has been used, with no regard for the absolute magnitudes of the activity.

A reasonably consistent pattern of relative release fractions has been bullt
up at the various measurement sites; this is given on table 4.2, where it
i3 compared with the inventory initially in the core, as prediéted by the
FISPIN code. FISPIN calculations were done for various burmup assumptions,
The rigures'on the table are for a one year burn—up, consistent with the '

' €s137/Cs134 ratio of around 2.0 found at all the measuring points.

The pattern of radionuclide releases, as shown on table 4.2, gives some

indications as to the conditions in the core while the releases were
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occurring. For example the tellurium seems to have been released in the
same proportions as the iodine and caesium, Tellurium vapour is expected to
react with any zirconium avallable and thereby be retained. The absence of
such retention suggests that the zirconium in the reglon of fission product
release was being rapldly oxidized. The high release of ruthenium relative
to the other non-volatile elements is a further indication of highly
oxidizing conditions in the degrading core region. This 1s consistent with

the ldea that there was air ingress to the core, énd that a large-scale fire
in the graphite moderator was a feature of the accident.

Table 4.2 says nothing about the absolute magnitude of radionuclide
releases, Initial SRD estimates from measurements in Scandinavia put the
release of volatile fission products in the initial stages of the accident
at a few percent of the core inventory. The Imperial College group, using
data fram all over Eurcope, inferred a release period of 3 - 4§ days and a
total release over the whole period of around 20% of the ifodine inventory.

The fact that similar nuclide ratios were observed at widely separated sites
suggests that the core degradation started locally and then propagated
outwards, with the release mechanisms being similar at all times. The above
release estimates are therefore not inconsistent, and place the felease

somewhere between the categories A and B on Table 4.1.
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TABLE 4.1

FRACTIONS OF RADIOISOTOPES CALCULATED TO BE
RELEASED ('SOURCE TERMS')

Category | Equivalent Crude | Xe - Kr I Cs - Rb
Category

UK - 1 A 0.9 0.7 0.5

UK - 5 B 1.0 0.06 0.3

UK - 10 c 0.006 0.00002 0.00001

UK - 12 D 0.05 0.000008 | 0.000001

u."




Element

Cs

I

Te

Ba
La

Ru
Ce

ND
Np

TABLE 4,2

RELATIVE RELEASE FRACTIONS FROM CHERNOBYL BASED ON

Isotope

137
134
13
132
133
132
140
140
103
106
141
144

95
239

MEASUREMENTS AT DISTANT SITES -

ty

30y
2.06y
8.04d
2.30h
20.8h
78.2h
12.7d
40.3h
39.44d
368d
32.5d
285d
35.1d
2.36d

Inventory per fuel
channel, Bg¥*

8,.82(13)
4.87(13)
1.9 (15)
2.83(15)
4.17(15)
2.77(15)
3.71{15)
3.76(15)
2.67(15)
4,0 (14)
3.54(15)
1.84(15)
3.6 (1%)
3.B6(16)

* Multiply by 1693 for whole core lnventory.

Relative Release
Fraction

1.0
0.2-0.3
0.3-0.5

0.02-0.03
<0,005%*

0.03~0.07
<0.005

<0.005
0.001-0.07

%% Based on only one measurement which distinguished Lal40 from Balko0.
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SECTION 5: ENVIRONMENTAL CONSEQUENCES

Atmospheric Dispersion Acroas Europe of Material Released from Chernobyl

Increased activity levels were first reported on 28th April from
enviromental monitoring stations in Finland and Sweden, where external dose
rates in certain locations exceeded normal background levels by a factor of
ten or more. O0On succeeding days elevated radioactivity concentrations were
detected thl:'oughout Europe until almost complete coverage had been achieved
by 3rd May. Based upon reported measurements conveyed through international
bodies (IAEA, WHO and NEA), complemented by calculations using the UKAEA
consequence code CRACUK on the CRAY camputer at Harwell, it has been
possible to assemble a plcture of ﬁhe pattern of dispersion of the material
released fram the core of the damaged reactor, as it affected western
Europe. The progression of this pattern with time is illustrated in Figures
1 to 6. There 13 a marked patchiness in the envirommental measurements from
different countries owing to wet deposition during periods of rainfall,

Such large varlations in observed deposition levels over relatively short
distances are not shown in the Figures, which repreaent the general

distribution of contamination via the measured values for external exposure
rate,

In the initial stages, activity was transported in a north-westerly
direction from Chernobyl over the Soviet Union and north east Poland,
crossing the Baltic Sea into Scandinavia. By the end of the 26th April,
however, the meteorological situation had developed such that the plume, on
release, began to follow a more westerly trajectory than was taken
initially, passing over the continental mainland and across West Germany so
that, by 30th April, it was over parts of France (Figure 3).- A component of
this part of the release passed over the United Kingdom on énd May. The
changing weather patterns over the western Soviet Union than led t;é
relatively light and variable winds in the vicinity of the acclident slte.
Material released in the final days of April therefore tended to begin to be
transported towards the East before circulating more locally and passing

towards the Balkans and south east Europe.

In addition to the very wide dispersion brought about by the changing

meteorology over the several days during which emisslons from the damaged
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plant took place, it seems likely that material was distributed over a
considerable range of elevation, owing to the energy associated with the
release. Strong directional shear in the wind over the depth of the
atmosphéric boundary layer, in which transport occurs, would lead to further
lateral dispersion of the plume for activity discharged at a given time
during the release. Material transported at very high altitudes (> 1km)
appears to have been responsible for the subsequent observations of élevated
activity levels in countries bordering the Pacific Ocean.

Dosimetric Assessment for Western Europe

Using data provided by ageﬁcies responsible for radiological protection in
various countries, 1t is possible to obtain estimates for the dosimetric
impact of the release on W Eurcope., Dosimetric¢ pathways contributing to
individual exposure incluﬁe the inhalation of activity from the plume,
exposure to external radiation from deposited activity and ingestion of
contaminated foodstuffs. In comparison with these, other modes of exposure
for the population of western Europe make much smaller contributions to
overall dose levels. For the inhalation pathway an estimate is made of the
average Integrated concentration of airborne activity over each country.
Similarly for external exposure, which, over a period of decades following
the initial deposition, will predominantly arise from irradiation due to
decay of radloisotopes of Caesium, 1t 18 possible to make an estimate of the
total dose delivered over 50 years, averaging throughout each country. In
both cases the averaging procedure 13 weighted where necessary according to
the distribution of population. By means of appropriate conversion factors,

a translation from activity levels to mean individual dose can then be
obtained.

Contamination In foodstuffs arises via a nunber of pathways. Leafy green
vegetables act as efficlent collectors for airborne aerosols. Dairy cattle
and other llvestock were able to consume both contaminated réinuat.er and
grass, ylelding concentrations of radiocactive i1sctopes of Iodine and Caesium
in farm supplies. In general, throughout Western Eurcope, however, levels of
activity in milk'supplied by dairies {(the IilOSt significant pathway for
exposure via foodstuffs) rarely approached values necessitating protective
action, More recently, caesilum in some slaughtered lambs from parts of the

UK has'been measwured to be greater than the appropriate action levels,
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Consumption of grass by these animals in those areas of the country affected
by rainfall during passage of the plume, and their relatively light overall
body welight, has led to such elevated concentrations. The overall
contribution of meat to the total collective dose estimated from figures for
environmental activity concentrations remains to be asseased fully, but is
likely to be of second order importance in comparison with that from milk
and vegetables. In the calculations reported here, UK food consumption

rates were assumed for all of Europe.

In Table 1, the results of a dosimetric analysis for Western Europe are
presented, summarising the total collective dose commitment estimated for
each country. As a rough guide, the contribution from inhalation 1s, at
moat, a few percent while that from ingestion is something over 50%, the

remainder being due to external irradiation.

It is instructive to compare these figures with background exposure levels,
For example, in the United Kingdom, the average individual dose rate from
background radiation is 2 mSv yr~!, resulting in an annual collective dose
of approximately 10* manSv. The total dose commitment over the next 50
years resulting from the increased radiation levels due to the Chernobyl
acclident is therefore equivalent to about one or two months at normal

background dose rates,
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TABLE 1

Estimated Collective Effective Dose Equivalent Commitment for H European
Countries Arising from Chernobyl Releases

Collective dose (man Sv)
Country Internal exposure External exposure TOTAL
{(inhalation
+ ingestion)

Austria 6.2 x 10° 4,4 x 10°* 1.1 x 10*
Belglum 5.6 x 10? 2.3 x 10° 6.9 x 10°
Dermark 5.0 x 10! 1.0 x 10% 1.5 x 10?2
Finland 4.0 x 10? 1.8 x 10° 5.8 x 10°
France 2.8 x 10° 2.7 x 10° 5.5 x 10°
W Germany h.9 x 10" 3.6 x 10" 8.5 x 10"
Greece 1.1 x t0? 7.8 x 10% 1.9 x 10°
Ireland 2.8 x 10% 2.4 x 102 5.2 x 10%
Italy B.0 x 10° 1.2 x 10° 2.0 x 10"
Netherlands 6.6 x 10° 3.3 x 10° 1.0 x 10*
Norway 9.0 x 10° 6.2 x 10% 1.5 x 10?
Portugal < 5.0 x 102 < 5.0 x 102 <1x10°*

Spain ‘ < 1.9 x 10° < 1.9 x10° < 3.8 x10°?
Sweden 2.8 x 10° 1.8 x 10* 4.6 x 10°®
Switzerland 2.3 x 10? 9.1 x 102 3.2 x 10°
UK 4,6 x 10 3.9 x 10* 8.5 x 10°*
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Notes

Figures 1 to 6 indicate the eatimated variation of
external exposure rate throughout Eurcpe in the days
following the accident (see Key 1 for units and
notation). The figures show the general distribution,
ie they do not include local variations due to, eg heavy
rainfall. They also represent an interpretation of
available measurements around Europe - some
interpolation was necessary.

Dose levels in Figures 1 to 6 stabilised and then
decreased.
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Chernobyl - European Council, 26th - '27th June

——

In commenting on French preparations on the
European Summit meeting, the Embassy in Paris report that
both the Elysee and the Prime Minister's Office (Matignon)
expect Chernobyl to be & major item for discussion.

2. Both the Elysee and the Matignon are firmly opposed

to enlarging Community competence in nuclear safety and
international control. They share the UK Government view

that the IAEA is the proper agency for these matters. The
Embassy detected a difference over the tactical handling of
Chancellor Kohl's proposal for an international conference

on nuclear safety, with the Elysee saying that the President
was '"not against" an international conference and the Matignon
declaring that the French Government disliked the proposal.

On substance, however, both offices insisted on the importance
of preventing an anti-nuclear climate from establishing itself
on a permanent basis in fora dealing with virtually every
Community activity, including agriculture, the environment,
etc. They saw this as being particularly dangerous for the

UK and France because sentiment against nuclear energy could
easily be mobilised against nuclear weapons. President
Mitterand had warned Chancellor Kohl of the dangers of
allowing discussion on nuclear matters to range widely within
the Community. It would be useful to en gage in joint studies
and to work for harmonisation on such innocuous aspects as
research, health protection measures and the provision of
information to the public.

3. Soundings in Brussels indicate that the Belgians are

. looking to the French to lead off any attempt to push the
Council into adopting positions which would encourage the
anti-nuclear lobby. However, it seems likely that the Belgian
delegation may take the opportunity to advocate the
rejuvenation of Euratom and a stronger role for the Commission.

1

D M LeVez

,OQerseas Relations. Branch
" 27th June, 1986.
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24 June 1986 AEX(86)50

ATOMIC ENERGY EXECUTIVE

THE CHERNOBYL ACCIDENT AND ITS CONSEQUENCES

Note by R N Simeone

At its meeting on 29 May the Executive requested
Dr Gittus to produce a paper on the Chernobyl accident and
its consequences. Such a paper is attached.
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SUMMARY

The USSR has a large and expanding nuclear power programme, It 1s regarded
as essentlal to the economy and currently provides about 15% of USSR power
production. It is based upon two mailn types of reactors, the (RBMK)
pressure tube reactors and pressurlzed water reactors (PWRs).

The reactors at Chernobyl are 1000 MW(e) graphlte-moderated pressure tﬁbe
bolling water reactors with a direct cycle to two 500 MW turbines. They
contain fuel rods consisting of UQ, pellets with a zirconium alloy clad,
which are arranged in bundles in vertical presaure tubes paésing through the
graphite moderator. The core is physically large (dliameter about 12m) and
requires a complex-control and protection system. The preasure circuit
consists of two separate loops and the core 1s provided with emergency
coocling by passive accumulators and pumped emergency core ¢o¢ling systemsa.
Inert gas blankets are provided for the graphite moderator and some eells.in
the reactor bullding and these are protected agalnst overpressure by
bursting disks and a pressure suppression pool. The reactors are not housed
in buildings equivalent to the secondary containment of a large mcdern PWR,

but the reactor pressure circuit 1s enclosed within a system of several
strong cells,

A definitive description of the acclident cannot yet be given as our
informaticon on the events ia incomplete. The established methodology of
degraded core analysis provides a framework for assimilating the available
information however, and the accident at Chernobyl may be considered within
this framework. Accldent progression may be considered in four steps:
accident initiation; cessation of nuclear fission by reactor shutdown;

provision of cooling to avold core degradation; containment of fission
products released from the pressure circult.

Accident inltiation 1s an event that causes an imbalance between the heat
generated in the core and the removal of heat from the core by the coolant,
There is an indication that the accident at Chernobyl involved a reactivity
transient, but it is not yet certain that this was the initiating event.



The second step is the shutdown of nuclear fission in the core. This step
appears to have been successful at Chernobyl, although there has been
speculation that a recriticality occurred. Core cooling must then be
provided to avoid core degradation, This clearly was not successful at
Cherncbyl and it appears that core'degradation occurred very rapidiy after
accident initiation, for it is reported that explosions occurred shortly
after the start of the accident. These were probably steam explosions

and/or hydrogen explosiona, both of which would require fuel materials to
reach high temperatures beforehand.

Finally, fission products released from the pressure circuit should be
contained. This also was not successful at Chernobyl. The amounts of
radicactive materials released in an accident, together with certain
characteristics of that release, are collectively referred to as the source
term for the accident. Source terms are routinely calculated for
hypothetical accidents in safety studies. 1In the Sizewell B study for
example, source terms were calculated foﬁ accidents ranging from those with
containments remaining completely intact at all times to those where the
contaimment is breached or bypassed even before the core damage begins. Too
little is known at present for an ab initio source term calculation to'be
carried out for Chernobyl, but based on measurements of material deposited
across Europe, it has been estimated that between 10 and 30 percent of the

inventory of volatile fisslon products was releaaed over a period of 1-4
days.

A picture of the dispersion of radicactive material from Chernobyl across
weatern Europe has been assembled, based on reported measurements conveyed
through international bodies (IAEA, WHO and NEA) and complemented by
calculations using the UKAEA consequénce code CRACUK on the CRAY computer at
Harwell, Wet deposition during periods of rainfall caused a mar ked
patchinéss-in the environmental measurements from different countries.

Initially, activity was transported in a north-westerly direction from
Chernobyl into Scandinavia, but by the end of the 26th April, a more

Wwesterly trajectory was followed. A component of this release passed over
the United Kingdom on the 2nd Ha&. In the final days of April, light and
variable winds in the vicinity of Chernobyl tended to circulate the activity



before eventually tranaporting it towards south east Europe. It seems

likely that the activity was distributed over a considerable range of
elevation,

Estimates have been made of the dosimetric impact of the release on western
Europe. The maln dosimetric pathways contributing to individual exposure
are inhalation of activity fram the plume, exposure to external radlation
from deposited activity and ingestion of contaminated foodstuffs. It 1s
estimated that ingestion will contribute something over 50% to the total
dose commltment in most European countries, with the contribution from
inhalation being at most a few percent. The total dose commitment in the
United Kingdom over the next 50 years fesulting from the increased radiation
levels due to the Chernobyl acclident i1s estimated to be equivalent to about
one or two months at normal background dose rates.
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SECTION 1: USSR POWER REACTOR PROGRAMME

The nuclear power programme in the USSR 1s provided by two main types of
reactors, the {(RBMK) pressure tube reactors and the (PWR's) pressurised

water reactors.

Pressure tube reactors of the RBMK type have been operating in the USSR
since 1954 with a small 5 MW unit, with development to 600 MW's in 1958,
expanding to units of 1000 MW's and 1500 MW capacity. Table 1 shows the
large RBMK units now in service and also uﬁder construction iﬁ the USSH.

The USSR also has a large PWR programme which currently produces 44% of
thelr nuclear power but will by 1991 produce 61%, Tables 2 and 3. Nuclear
power ls eassential to the USSR economy and it presently forms about 15% of
their power production with 26 GW's, The USSR have under construction 36
GW's up to 1991 of both RPMK units and PWR's which will glve 62 GW's of
nucl ear powér (Fig 1).

TABLE 1
Large RBMK Units in Service and Under Construction in USSR

Status Unit No of Commerclal
at Station output units | operation
31.12.85 MWe (net)
Leningrad 950 4 1974 - 1981
In Kursk 950 3 1976 - 1983
Service Chernobylsk 950 i 1978 - 1984
Smolensk 950 2 1983 - 1985
Ignalinsk 1450 1 1984 -
Kursk 950 1 1986 -
Under Ignalinsk 1450 1 1986 -
Construction j Chernobyslk 950 2 1987 - 1989
Smol ensk 950 2 1988 - 1989
Kostroma 1450 2 1988 ~ 1989
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TABLE 2
PWR Units in Service in USSR

Status Unit No of Commercial
at Station out put units operation
31.12.85 MWe (net)
Novo Voronezh 265 1 1964 -~
338 1 1970 -
o0 2 1972 - T3
653 1 1981 -
Kola 4o y 1973/75-1982/84
In Armenia 370 2 1976 - 1980
Service Rowno 420 2 1981 - 1982
Nikolaiev 953 2 1984 - 1985
Kalinin 953 2 1984 - 1985
Bala Kovo 953 1 1985 -
Zaporozhe 953 1 1985 -
TABLE 3
PWR Units Under Construction in USSR
Status Unit No of Commercial
at Station output units operation
31.12.85 MWe (net)
Zaporozhe 953 5 1986 - 1991
Khmelnitaki 953 y 1986 - 1990
Nikolaiev 953 2 1987 - 1989
Aktash 953 2 1987 -
Tatar 953 1 1987 -
Under Volgodonsk 953 ] 1987 - 1990
Construction | Rowno 953 2 1988 - 1990
Bashkir 953 2 1988 -~ 1989
Odessa 953 2 1988 - 1990
Balakovo 953 2 1989 - 1990
Nizhinekamsk 953 1 1989 -
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SECTION 2: DESCRIPTION OF RBMK REACTOR

The basis of a nuclear station containing RBMK reactor units is provided by
2 units of electrical power of 1000 MW each, Figs 1,2,3 and 4. Each unit is
a reactor of a graphite-moderated pre.ésure tube, boliling water type, with
direct cycle to 2 x 500 MW turbines., The reactor fuel 13 contained inside
pressure tubes, which are located in the graphite vertical columna. The
reactor water passes through the pressure tubes and starts to boil; The
steam leaves the pressure tubes as a 2-phase mixture with a vold content of
15%, is directed to steam drums, and is then transferred to the turbines.
Tables 1, 2 and 3 give reactor and fuel specification.

The reactor has a multi-compartment contaimment system. The contaimment
round the graphite moderator and the multi-containment boxes round the
reactor coolant loops are protected from overpressure by bursting discs
which vent into the suppression pool. It has a complex control and
protection system involving sector control and stabllising equipment. The
reactor physics is complex; under some conditions the reactor may have a
positive void coefficient (although the power coefficlient is still
negative). The positive vold coefficient would cause coupling and feedback
between thermal hydraulics and reactor power, The ECCS system includes both
accumul ator injection and pump injection.

Reactor Vault

The graphite satructure forming the core and reflector 1s supported on a
welded metal structure. There is concrete shielding 3m thick above the core
and ?m thick below the core. Water tanks provide the inner radial
biclogical shielding and there is an annulus filled with special sand
between these water tanks and the outer concrete of the reactor vault, The
space immedliately round the graphite core is sealed and contains a helium/
nitrogen mixture (30% He/60% N2), (Fig 5).

The_ space outside the inner voliume 1s filled with nitrogen at 22mm WG. 1If
the pressure tube should burst and increase the pressure in the gas si)ace,

there are special bursting disca which are designed to relieve pressure at
1.8 kgf per square om (26,5 1b per sq in).
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The heat generated in the moderator {(approx 160 MW 5%) 1s transferred to the
fuel channels by conduction and radiaticon vlia 'piston ring' type graphite
rings, one mounted tightly on the fuel channel and the other fitting tightly
in the graphite column (Fig 6). The maximum temperature in the graphite
stack 1s 700 degrees C. '

Fuel Channels

The RBMK-1000 graphlte-channel boillng-water reactor has 1693 fuel channels
(FC) arranged in vertical holes in the graphite stack. Each channel has a
body of tubular construction within which is located a fuel stringer.

The coolant 1s bolling light water circulating in the vertical zirconium
channels which pass through the graphite moderator.

The part of the pressure tube inside the moderator 1s made of a zirconium
alloy and has the form of a tube 88mm in diameter with a wall thlckness of
kmm. The upper and lower ends of the zirconium 2.5 Nb alloy tubes have
extensions made of alloy steel which are connected by special transition
pleces (Fig 7).

The Fuel

Each of the 1693 channels contains 2 fuel sub-assemblies held together by a
central supporting reod and suspended from a plug in the upper duct (Fig 8).
The sub—assemblies are each 3.5m long and are made up of 18 fuel pins
{called elements by the Russlans) spaced by 10 stainless ateel cellular
spacer lattices. The fuel pins are of 1.8% énr-iched ur‘anium dioxide pellets

in a zirconium—niobium (Zr + 1% Nb) cladding 13.6 mm od and 0.9 mm thick.
The inner space of the fuel pin is filled with an argon—helium mixture.

Reactor Control System

The large size and high power of the reactor requires speclal features to
allow efficlent and safe operation of the reactor. These include:

- The control system which regulates the total power of the reactor

and its average neutron flux from the far sub-critical state to
normal operating level.
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- The start-up apparatus to enable the reactor power to be controlled
from 10% of power to -10% of the nominal level.

~ Further increase in power i3 controlled by the autamatic protection

regulator operating over the reactor power range 0.1% to 5%.

- Two autcamatic controllers are provided over the power range 5% to
100%.

Protection againat power excursions for the reactor as a whole and also

locally are provided by emergency signal measuring against set points.

The rate of power increase and power distribution on the periphery of the
reactor are also monitored,.

Data processing equipment calculates the power of all fuel assemblies from
detector signals and from calculated reactor physics data to allow
comparison.

Containment

The RBMK plants do not have a housing which would be equivalent to a
full-size contaimment. Instead the reactor coolant system is surrounded by
several boxes. Each box usually contains one coolant loop. Moderate
coolant leakages to the boxes can be led to a condensing system, suppression
pocl, or condensed with a spray system. Bursting discs are provided to the
boxes to prevent an lnadmissible increase in pressure in the contalmment
box. Leakage through the pressure tube wall into the graphite containment
is also vented via a bursting disc into the suppression pool (Fig 9).

Control Rods
The control rod channels are cocled by a separate water cooling circuit.

They are divided by function, as follows:

a 89 manually operated rods

b 12 autamatically operated rods for power variation
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¢ 57 emergency shutdown rods

d 2t shortened absorber rods., These, and the manual rods, are used
for controlling the power distribution in the reactor.

The power distribution control, radial profile control, power-level control
and safety rods consist of 6 elements and have an overall length of 6170mm,

while the axlal profile control rods consaist of 3 elements and have an
overall length of 3050mm.

Refuelling
The RBMK reactors are designed to be refuelled at full load. Fig &

illustrates a refuelling machine operating fram a gantry running the full
length of the common refuelling machine hall,

The Coolant System

The coolant clrcult is shown in Fig 10, It consists of 2 parallel loops
each of which cools half of the reactor (It has been stated that alternate
tubes from the 2 loops feed to the two halves of the core, an arrangement
that seems likely). Water at 270 degrees C enters the bottom of each fuel
channel individually ihrough a 53.5mm diameter plpe. On leaving the top of
the fuel channel the steam water mixture is passed via an individual 72mm
pipe to a drum separator. Each loop has 2 drum separators linked by steam
and water connectors. The drums are made of carbon steel lined with
stalnless steel (Flg'11). Saturated steam at 284 degrees C, 70 kgf/sq cm 1s
passed to a general coilector supplied by both loops from which it enters 2
X 500 MW turbines, Condensate fram the turbine is returned to the drum
separatérs by electric pumps.

Shutdown Heat Removal

In common with all large nuclear reactors the residual power production in
the core when the reactor has been shut down 1ls falrly substantial. For
example, after a day it 1s 0.4% of the nominal power (Nnom), ie 12.8 MW.
After 30 days, this falls to 0.12% Nnom and then remains virtualiy conétant
for a long time, This makes 1£‘clear why 1t is not permissible to drain the
core even after'shutdoun. Therefore, in conducting servicing on the forced
multiple circulation loop (FMCL), it is necessary to organise core cooling,
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Emergency Feed and Cooling System

Safety of the installation with complete atoppage of feed water fed into the
power units 1s achieved by switching off the reactor by the emergency
safeguarding system according to a signal for decreasing the flow rate below
50% of the instantanecus value. In this regime, the input of water into the
circulation loop by emergency feed pumps constitutes approximately 20% of

the nominal value; they are switched on 10-20 seconds following cessation
of feed water inflow. '

The water from the emergency reactor cooling system is input to each
distributing group collector, and in order to avold its loss through the
rupture section in the head collector non-reverse valves are provided at the
inlet to the distributing group collector. The emergency reactor cooling
system consists of 2 sub-systems: a main sub-system with a hydro-
accumulation unit and a sub-system with preolonged cooling with special pumps
and water storage in tanks, see Filg 12.

Investigations have shown that for any rupture of pipelines up to maximum
diameter (900mm), due to the raplid action and capacity of the emergency

reactor cooling system, there is an acceptable temperature regime for the
fuel elements.
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TABLE 1

General Specification

Thermal power, MW 3140

Electrical power (at generator terminals), MW 1000

Core diameter, m 11.8
Core height, m T
Lattice pitch, mm 250 x 250
Number of channels in lattice 2044
made up of:
~ fuel channels 1693
- control and safety syatem channels 195
- reflector cooling channels 156
Number of channels outside lattice 18

made up of:
- temperature channels 17
- gas sampling channels

Constant uranium dioxide charge, t 204

Uranium, enrichment, % 1.8

Mean power of fuel channel, kW 1850

Power of most highly loaded channel, kW 2700

Coolant flow, t/hour 37.5 x (10 to the 3)
Mean bulk steam content 0.15

Saturated steam temperature, deg C 284

Coolant temperature at fuel channel inlet,

deg C 270
Saturated steam pressure in drum separators,

kgf/cm 3q 70
Feedwater temperature, deg C 160
Maximum graphite temperature, deg C 700
Burn-up MWD/kg uranium 18.5
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TABLE ' Continued
Mean channel power rating MW/te

Peak channel power rating Mw/te

Coolant circult

Refuelling

Turbine generators

Reactor building

2.7

15.4 (ef 13.6 at HYB)
22.4 (cf 17.4 at HYB)

Two parallel loops, 4 pumps
per loop. Coolant enters
the fuel'channels from below
(supplied by individual
feeder pipes) and the
steam—water mixture from the
top of the channels passes
along individual riser pipes
to steam drums (2 drums per
loop).

The coolant pressure at the
steam drums is 68.6 bar
{9941b/sq in).

Feedwater temperature 1s 160
degree C.

On load, up to 5 channels/
24 hours.

2x500MWe capacity each at
the generator terminals.

(See Fig 4) the reactor core
is in a concrete vault and
the main primary circuit
components {(piping, pumps,
steam drums) are in separate
cells with concrete
biological shielding round
them. In the bottom of the
reacﬁor building is a
'bubbler pond' (suppression
pool} into which steam can
be discharged if it cannot
be passed to the turbine

condenser.,



TABLE 2

Characteristics of RBMK-1000 Fuel

Sub-Assembly

and Fuel Element

Distribution of fuel elements in fuel sub-
assembly

Spacer grid

Supporting central rod

Length of fuel element

Weight of uranium dioxide (mean)
Length of fuel column

Volume of gas collector

Filler gas

Fuel element cladding

External diameter of cladding

Wall thickness of cladding (min)
Diametral gap between fuel and cladding
Fuel enrichment

Fuel density

Height of fuel pellet

Diameter of fuel pellet

Volume of indentation on pellet

2 rows of 6 and 12

Stainless steel cellular
type

Zr alloy with 2.5% Nb
3644 mm

3.59%9 kg

3430 mm

17.4 cubic cm

Helium at 1 atm

Zr alloy with 1% Nb in
fully annealed condition

13.6 mm

0.825 mm

0.18-0.38 mm

1.8%

> or = 10.3 g/cubic om
12,0 mm

11.52 mm

3%
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TABLE 3

Thermal Parameters of RBMK-1000 Fuel Sub-Assembly

and Fuel Element

Maximum power of fuel channel
Coolant pressure - at inlet

- at outlet
Coolant temperature - at iniet

— at outlet
Maximum steam content
Maximum veloclty of steam—water mixture

Rate of flow of coolant through fuel at
maximum power

Maximum thermal flux from surface of
element

Maximum 1inear thermal power
Maximum fuel temperature
Mean burmn—up

Duration of operation of fuel element
at rated power

3000 Kh'

80 kgf/square cm
73 kgf/square om
265 degrees C
284 degf‘ees c

27 wt.%

20 m/sec
21,200 kg/hour

83 W/aquare cm
350 W/cm
1800 degrees C

19,500 MWD/t uranium

1190 days
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THE CEERNOBYL ACCIDENT
1. Introduction

Pressure tube reactors have been operating in the USSR since 1954 with a
small S5 MW unit, with developments to 600 MW in 1958, expanding to units of
1000 MW and 1500 MW capacity (Table 1). The 4 units at Chernobyl, each of
1000 MW({e) gross, became operational during the 1978-1984 period with unit 4,
in which the accident occurred, operational for about 18 months.

Historically, information about the Russian RBMK reactor units was made
available to the UKAEA during the 19708, when the then Prime Minister, Harold
Wilson, set up a scientific exchange agreement with the USSR which focussed
on the RBMK units and our own SGHWR, both pressure tube reactors. A series
of wvisits took place between the USSR and the UK and technical information
was exchanged on a wide range of design and safety topics.

The information given in these papers and the information exchanges have
allowed the UKAEA to react quickly following the accident. Also, SRD's
contacts with overseas safety organisations provided much authoritative
information on activity levels measured in various nearby countries. The
paucity of information relating to the  actual accident only allowed
conjecture on the cause of the accident but the availability of the technical
information, and the dissemination of the radiocactive sampling data received
from various countries, has allowed an estimate to be made of the extent of
the escape of the volatile fission products, and from this a scenario can be
postulated about the likely effects of the accident on the core, and also to
the long-term effects on ground contamination.

2. Description of RBMK Reactor

The basis of a nuclear station containing RBMK reactor units is provided
by 2 units of electrical power of 1000 M4 each,Figs 2 and 3. Each unit is a
reactor of a graphite-moderated pressure tube, boiling water type, with
direct cycle to 2 x 500 MW turbines. The reactor fuel is contained inside
pressure tubes, which are located in the graphite vertical columns. The
reactor water passes through the pressure tubes and starts to boil. The
steam leaves the pressure tubes as a 2-phase mixture with a void content of
15%, 1is directed to steam drums, and is then transferred to the turbines.
Thirteen units containing RBMK-1000 reactors are now operating: 4 at
Leningrad nuclear power station, 4 at Chernobyl, 3 at Kursk, 2 at Smolensk,
and one unit containing an RBMK-1500 at the Ignala nuclear power station.

The reactor involved in the incident at Chernobyl is the most recently
constructed fourth reactor, ie the second half of the second station. This

is thought to be part of the same series and thus similar to the Smeclensk
reactor.

The reactor has a multi-compartment containment system. The containment
of the reactor core has a pressure capability which is not known in the UK at
present but may be relatively low. It is protected by a system of bursting
discs with a suppression pool. It has a complex control and protection

system involving sector control and stabilising equipment. The reactor
physics is complex; under some conditions the reactor may have a positive
void coefficient (although the power coefficient is still negative). The

negative void coefficient would cause coupling and feedback between thermal
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hydraulics and reactor power. The ECCS system includes both accumulator
injection and pumped injection.

A more detailed description of the reactor vault, together with the fuel
details and the method of reactor control, is given in Appendix 1 which also
describes the shutdown heat removal, the emergency feed and cooling system.

3. The Course of the Accident

Information relating +to the actual sequence of events at Chernobyl has
been sparse and often contradictory. Whilst some consistent features are now
emerging, the full picture is still unclear. Appendix 2 discusses currently
available information and indicates a possible sequence of events. Definite
conclusions must await clarification of the true cause. However, design
features have been identified which may have contributed to the accident
including: ‘

- Possible operation with positive void coefficient.

- Relatively weak containment of red-hot, reactive graphite.
- Complex control and stabilising system.

- Possible human error.

- Proximity of red-hot graphite, zirconium, high pressure steam
and water.

4. Preliminary Conclusions about the Source Term

In the early stages of the accident, it was most important to establish
any likely danger te the UK public, both at home and overseas, from the
released reactor fission products. Although there was little information
about the radiation levels in the immediate vicinity of the Chernobyl plant
itself, radionuclide sampling data from a variety of points in Western Europe
(and limited data from Eastern Europe) were made available to SRD through
personal telephone and telex communication. A trickle of information about
the origins of the accident and damage state of the reactor came from the
USSR, through the IAEA and public media. The extrapolation of radionuclide
sampling data to 'a source term was more likely to provide 'a consistent
picture of the accident than working from an imagined reactor damage state
towards a source term. Information on radionuclides sampling have continued
to be received@ from all over the world. SRD contacts with other national
experts such ‘as CEGB, NRPB, NNC and the experts within +the UKAREA, have
allowed opinions to bhe formed and advice given to UK governmental
departments. A task force was set up by the CEGB with AEA participation to
co-ordinate the effort and information began to flow to industry through a
CEGB newsletter on the Chernobyl accident. Discussion of views on this data
has also been possible through personal contacts between colleagues on the
international committees of the Senior Group of Experts on Severe Accidents.

An early statement on the emission of radionuclides made by SRD
indicated that much of the available evidence, including Soviet bulletins,
pointed to the release of radicactivity from the damaged reactor having taken
place over a number of days. The variation of weather patterns over this
period@ complicated greatly the interpretation of measurements of radionuclide
concentrations since the plume of released material will have experienced
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numerocus changes in atmospheric conditions.

The current 'best estimates’ of the release magnitude are based upon
earlier recordings obtained from Scandinavia (for the period 28 April to 4
May 1986), together with the thyrcid uptake of radio-icdine measured for the
students returning to the UK from Minsk. After making suitable weather and
released material concentration assumptions, the activity release
corresponded to a few percent of the inventory of volatile fission products.
It 1is not clear whether this represents a few percent from each channel or a
near total release from a few percent of the channel; the latter may be the
more likely if the initiator was a local power increase.

A fairly consistent picture of the relative release fractions of
different fission products emerges from which the following conclusion can be
drawn:

{(a) The Csl37/CS134 ratic is everywhere consistent at about 2.0,

corresponding to an average fuel burn-up of one year to 500 days.

{b) Measurements over a period extending over one week after the
accident initiation on 26 April, after half-life corrections, all point
to the same shut-down inventory, ie there was no significant continuing
reactivity in the core generating short-lived fission products after 26
April. This confirms what the USSR have stated.

5. Evacuation

It has bLeen possible to deduce <the evacuation requirements having
already determined the source term. At present, the contamination is largely
due to caesium with a half-life (including the effects of migration intoc the
earth) of about 30 years. Earlier on the activity was due to many other
radionuclides but these will by now have decayed to low levels.

The following points can be noted:
Virtually no member of the public would exceed the Whole Body ERL.

Evacuation might be expected cut to 30 km based on the thyroid ERL.
This seems consistent with the exclusion zohe stated by the USSR. The - issue
-of stable iodine may be expected cutside the 30 km radius as has been
‘reported.Taking the dose rate levels corresponding to the 0.5 rem/year (5
mSv/yr) limit for the public as the criterion, those evacuated from the 30 km
radius could not be allowed back within a year.

These predictions are consistent with the known facts.

6. ImElications

Little detail is known of the incident at the plant so it is difficult
to draw detailed conclusions at this stage. Appendix 2 sets out the
information that is available on the course of the accident and it explores
possible accident initiators.
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The United Kingdom's likely concerns will include any implication of the
accident related to containment and perhaps operator error issues. It is not
clear what the capability of the RBMK-1000 containment system is. However,
doubts have been raised in several quarters as to its adequacy in view of the
large release of activity. Similarly, whilst details of the cause of the
accident are still not available, human error has been mentioned as a possible
contributor. Both these topics may be read across to other reactor systems.

The major concern is likely to be in the area of emergency response.
Public awareness of the potential consequences of severe accidents is now
extremely high and reassurance on emergency preparedness seems necessary. The
UKAEA is reviewing its position with regard to published emergency plans with
a view to releasing more detailed documents. Similar steps are believed to be
under consideration in the CEGB.

Finally, it seems clear that there will be a continuing trend towards
greater publication of information on incidents and on safety in general. The
CEGB are considering publication of a generic review of Magnox reactor safety
Similar to that already published on the AGR. Within the AEA, consideration
is being given to preparation of various documents in layman's language
covering the safety of reactors and other related safety topics. Whilst all
of these may not come to fruition there is a clear movement towards more
public information being provided and in less technical language.
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APPENDIX 1

REACTOR VAULT

The graphite structure forming the core and reflector is supported on a
welded metal structure. There is concrete shielding 3 m thick above the core
and 2 m thick below the core. Water tanks provide the inner radial
biological shielding and there is an annulus filled with special sand between
these water tanks and the outer concrete of the reactor vault. The space
immediately round the graphite core is sealed and contains a helium/nitrogen
mixture (40% He/60% N2).

The space outside the inner velume is filled with nitrogen at 22 mm WG.
If the pressure tube should burst and increase the pressure in the gas space,
there are special bursting discs which are designed to relieve pressure at
1.8 kgf per square cm (26.5 lb per sg.in). .

The heat generated in the moderator is transferred to the fuel channels
by conduction and radiation via 'piston ring‘ type graphite rings, one
mounted tightly on the fuel channel and the other fitting tightly in the
graphite column. The maximum temperature in the graphite stack is 700
degrees C.

FUEL CHANNELS

The RBMK-1000 graphite-channel boiling-water reactor has 1693 fuel
channels (FC) arranged in vertical holes in the graphite stack. Each channel
has a body of tubular construction within which is located a fuel stringer.

The coclant is boiling light water circulating in the vertical zirconium
channels which pass through the graphite moderator.

The part of the pressure tube inside the moderator is made of a
zirconium alloy and has the form of a tube 88 mm in diameter with a wall
thickness of 4 mm. The upper and lower ends of the zirconium 2.5 Nb alloy
tubes have extensions made of alloy steel which are connected by special
transition pieces.

THE FUEL

BEach of the 1693 channels contains 2 fuel sub-assemblies held together
by a central supporting rod and suspended from a plug in the upper duct. The
sub-assemblies are each 3.5 m long and are made up of 18 fuel pins (called
elements by the Russians) spaced by 10 stainless steel cellular spacer
lattices. The fuel pins are of 1.8% enriched uranium dioxide pellets in a
zirconium-npiobium (Zr + 1% Nb) cladding 12.6 mm od and 0.9 mm thick. The
inner space of the fuel pin is filled with an argon-helium mixture.

REACTOR CONTROL SYSTEM

The large size and high power of the reactor requires special features to
allow efficient and safe operation of the reactor. These include:
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- The control system which requlates the total power of the reactor and
its average neutron flux from the far sub-~critical state to normal
operating level.

~ The start-up apparatus to enable the reactor power to be controlled
from 10% of power to -10% of the nominal level.

~ PFurther increase in power is controlled by the automatic protection
requlator operating over the reactor power range 0.l% to 5%.

~ Two automatic controllers are provided over the power range 5% to
100%.

Protection against power excursions for the reactor as a whole and also
locally are provided by emergency signal measuring against Set peoints.

The rate of power increase and power distribution on the periphery of the
reactor are also monitored.

Data processing equipment calculates the power of all fuel assemblies
from detector signals and from calculated reactor physics data to allow
comparison, '

CONTAINMENT

The RBMK plants do not have a housing which would be equivalent to a
full-size containment. Instead the reactor coolant system is surrounded by
several boxes. Each box usually contains one coolant loop. Moderate coolant
leakages to the boxes can be led to a condensing system, suppression pool, or
condensed with a spray system. Bursting discs are provided to the boxes to
prevent an inadmissible increase in pressure in the containment box. Leakage
through the pressure tube wall into the graphite containment is alsc vented
via a bursting disc into the suppression pool.

CONTROL RODS

The control rod channels are cooled by a separate water cooling circuit.
They are divided by function, as follows:

(a} 89 manually operated rods.
(b) 12 automatically operated rods for power variation.
(c) 57 emergency shutdown rods.

{d) 21 shortened absorber rods. These, and the manual rods, are used
for controlling the power distribution in the reactor.

The power distribution control, radial profile control, power-level
control and safety rods consigst of 6 elements and have an overall length of

6170 mm, while the axial profile control rods consist of 3 elements and have
an overall length of 3050 mm.
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REFUELLING

The RBMK reactors are designed to be refuelled at full load. Fig 3
illustrates a refuelling machine operating from a gantry running the full
length of the common fuelling machine hall.

THE COOLANT SYSTEM

The coolant c¢ircuit is shown in Fig 4. It consists of 2 parallel loops
each of which cools half of the reactor. Water at 270 degrees C enters the
bottom of each fuel channel individually through a 53.5 mm diameter pipe. On
leaving the top of the fuel channel the steam water mixture is passed via an
individual 72 mm pipe to a drum separator. Each loop has 2 drum separators
linked by steam and water connectors. The drums are made of carbon steel
lined with stainless steel. Saturated steam at 284 degrees C, 70 kgf/sq cm
is passed to a general collector suplied by both loops from which it enters 2
x 500 MW turbines. Condensate from the turbine is returned to the drum
separators by electric pumps.

SHUTDOWN HEAT REMOVAL

The residual power production in the core when the reactor has been shut
down is fairly substantial. For example, after a day it is 0.4% of the
nominal power (Nnom), ie 12.8 MW. After 30 days, this falls to 0.12% Nnom
and then remains virtually constant for a long time. This makes it clear why
it 1is not permissible to drain the core even after shutdown. Therefore, in
conducting servicing on the forced multiple circulation loop (FMCL), it is
neceasary to organise core cooling.

EMERGENCY FEED AND COQLING SYSTEM

Safety of the installation with complete stoppage of feed water fed into
the power units is achieved by switching off the reactor by the emergency
safequarding system according to a signal for decreasing the flow rate below
50% of the instantaneous value. In this regime, the input of water into the
circulation loop by emergency feed pumps constitutes approximately 20% of the

nominal value; they are switched on 10-20 seconds following cessation of feed
water inflow.

- The water from the emergency reactor cooling system is input to each
distributing group collector, and in order to avoid its loss through the
rupture section in the head collector non-reverse valves are provided at the
inlet to the distributing group collector. The emergency reactor cooling
system consists of 2 sub-systems: a main sub-system with a hydro-accumulation

unit and a sub-system with prolonged cooling with special pumps and water
storage in tanks.

Investigations have shown that for any rupture of pipelines up to
maximum diameter, due to the rapid action and capacity o¢f the emergency

reactor cooling system, there is an acceptable temperature regime for the
fuel elements.
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APPENDIX 2

Information Available on the Course of the Accident

The information on the accident at Chernobyl has tended to be
contradictory and has been confused by possibly misleading reports put out by
interested parties, which have, in effect, been largely speculation. The
"hard" facts are that the reactor building has been destroyed by fire and/or
explosion, a core/graphite fire ensued and a significant quantity of the
fission product inventory has been released. Reports available from the IAEA
team which visited the area as well as Tass and Pravda are starting to paint a
more consistent picture. A more detailed chronology of events is being built
up but this assessment is largely based on the following.

The "initial®™ incident appears to have been an explosion or explosions
which occurred at 1.23 am on Saturday, 26 April. This resulted in a fire in
the reactor building, which may have spread to the turbine hall roof. Blix
and Rosen (IAFA) have reported that the event occurred when the reactor was
at low power {200 MW th), which is normal for a routine short-term shutdown,
and that all pumps were running at the time. Rosen stated that he had seen
contrcl room data which supported the theory that the reactor had been at
full power prior tc the "shutdeown”. The shutdown itself was said to be
uneventful wntil +the accident occurred, this appeared to be a spontaneous
event. It was reported that there was an explosion which "took the roof off
the reactor" and caused the 300 te overhead crane to fall into the reactor
causing further damage. At some time prior to the explosion, the power of
the reactor suddenly surged from 6% to 50% in 10 seconds. Soviet scientists
are still analysing the data but believe they are close to identifying the
cause of the explosion. They are confident that the accident originated

inside the reactor and was not a consequence of an event from outside. It
has also been reported that the design of the Chernobyl reactor has been
reviewed and nc¢ design flaw has been identified. However, operating

procedures are being reviewed at similar plants and stringent alert
procedures are being adopted. This strongly suggests an element of operator
error.

Under normal conditions, none of the materials in the core have the
potential to cause explosions. For an explosion to occur, either chemical
reactions must reduce water to produce hydrogen, which can then explode if it
mixed with air, or fuel rod materials must melt and then mix with liquid
water to provide the initial conditions for a steam explosion or steam spike.
In either case, this would require greatly elevated core temperatures as
significant reduction of water by either the zirconium c¢ladding or the
graphite moderator requires temperatures of 1000 C or above and large-scale
melting of the fuel cladding could not occur until a temperature of 1850
degrees C was reached (though some local fuel liquefaction might occur at
temperatures above 1300 degrees C). For such temperatures to be attained
either the coclant supply to a fuel channel would have to be reduced or
departure from nucleate boiling would have to occur. The latter could result
from an overpower transient, a reduction of c¢oolant pressure or some
combination of the two. Indeed, as the core appears to have a negative
coolant density coefficient of reactivity, an overpower transient could arise
as a direct result of a fall in pressure increasing the void fraction of the
coolant.
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Overheating of fuel, however, does not by itself provide the necessary
conditions for an explosion. As already noted, to produce a hydrogen
explosion the gases produced by the reduction of water must mix with air to
produce an explosive mixture, and to produce a steam explosion meolten
materials and water must be intermixed.

POSSIBLE INITIATORS AND SOME REACTOR PHYSICS STUDIES

so far, the discussion has concentrated on the course of the accident
following the explosion. The guestion arises as to what caused the explosion
in the first place? Some are initiators in themselves {eg turbine failure or
steam drum failure) but the others require the production of either molten
material or hydrogen. There may be many ways to postulate this happening but
to remain undetected (or ignored if operator error is postulated) a local
fault seems the most likely. These may be under-cooling or over-power faults.

Some exploratory calculations of the reactor physics have been made by
the Authority (AEEW) and these scoping calculations are aimed at throwing
light on:

{(a) Minimum size of a critical zone.

(b) Magnitude of reactivity coefficients especially in relation to the
reported negative void coefficient.

{(c) The dynamics of a reactor with a positive void coefficient.

MINIMUM CRITICAL SIZE

Fresh fuel with an enrichment of 1.8% U235 has a k of around 1.3. It is
known that Chernobyl is fuelled with 2% U235. The minimum critical size |is
clearly very small. An uncontrolled area of about 40 channels would be
critical at normal operating conditions. Control rods are inserted in
positions on the same lattice as the fuel on a 1-in-8 grid.

REACTIVITY COEFFICIENTS

On the basis of a single reflected lattice cell calculation, the wvoid
coefficient is strongly positive. It decreases with irradiation. This is
unrealistic since in practice there will be sufficient leakage to give a just
critical condition. This can be represented either by peripheral absorber or
by an energy independent critical buckling. Neither of these gives an
accurate representation of the spatial and energy dependence of the leakage

but they do give a sufficiently accurate approximation to the general nature
of the situation.

For fresh fuel under these conditions the void coefficient is negative.
However, at an irradiation in the region of 8,000 MWd/t, rough calculations

show it becoming positive, This must be c¢lose to the irradiation of
Chernobyl 4. It has been stated by the Russians, however, (Romanesco, Risley
seminar 1977) that the void coefficient would stay slightly negative, It

would appear that the position is at best borderline and could well depend on
details of reactor operation, such as how much installed reactivity is
retained <through onload refuelling. The Doppler coefficient is negative and
the power coefficient is probably negative but small at this irradiation. It
is quite possible that the power coefficient becomes positive at higher

{9)



irradiation.

The core is initially loaded with absorbers to take up some of the excess
reactivity. It is operated with onload refuelling and therefore with 1little
excess reactivity at equilibrium. Details of the method of achieving the
transition are unknown. The equilibrium situation is a low local leakage
gsituation over a region of a few channels and is therefore likely toc be a
situation with a positive void coefficient.

KINETICS

Some point kinetic calculations have been carried out to look at some
possible scenarios. It is known that the reactor was at a low power of 200
MW thermal. One of the papers (Kuznetsov, Risley seminar 1977) states that
at powers below 150 MW(E) the primary flow is throttled back from 42,000 t/hr
te 6,000-7,000 ma/hr or about 4,500 t/hr. This is apparently a cut-back to
about of normal flow. It is stated that the reason for this throttling of
the pump outlet is to prevent cavitation. Other papers state that full flow
is 700 m?® /hr - there is therefore some confusion and it could be that the
throttling is intended +to maintain a more or less constant flow. In the
argument that follows, we will assume that the throttling does reduce flow to
about 1/10 of normal flow.

It would require a reactivity step of 0.3% to achieve 50% power in 5 sec.
It has been stated in the reports that 50% power was achieved. It has also
stated that it takes 20 secs to drive the control rods in. It is clear
therefore that a smaller reactivity step could achieve 50% power before trip.

What would be the consequence of 50% power with 10% of full flow? At
full flow and 100% power, the exit steam quality is 15%. AT 50% power and 10%
flow the exit quality would be around 75% corresponding to a void fraction of

nearly 100%. There would thus be very high voidage in much of the channel.
Using the calculated positive void fraction, this could be worth as much as 1%
in reactivity. There is thus clearly the potential for a runaway situation

starting with a very small reactivity insertion. BAn attempt is being made to
extend the point reactivity calculation to model the resulting pogitive wvoid
feedbacks.

At such a high voidage, there would certainly be a dryout situation. A
simple- and approximate calculation suggests that a 1,000 degrees C
temperature rise at 50% power would require about 40 secs. This would raise

the temperature to 1,300 degrees C and approach onset of the zirconium water
reaction.

On the face of it, the control system should have shut the reactor down
in time to prevent this., Even with a 20 sec response time, it should have
been able to respond. However, if the 50% power reading was a reactor
average condition, it could well be that a group of channels were at higher
power and reached 1,300 degrees C in a time comparable with the rod insertion
time. At this point, further heating and hydrogen production could proceed
without continuing nuclear power. If steam or hydrogen pressure built up to
the extent <that it flowed backwards in the feeder pipes, it coula well have

passed to the inlet of ancther channel and led to a propagation of the
incident.

(10}



CONCLUSIONS ON LIKELY ACCIDENT

The above scenario still requires an initiating event. The Qbserver in
a front page cover article on 25 May states that control rod experiments were
being carried out. This may provide the last link in a plausible <chain of
events:

(a) Centrol rod withdrawals being carried out.

(b) Positive wvoid coefficient leads to accelerating reactivity
transient.

{c) Low standby flow leads to drycut and rapid temperature rise.
(d) Control rod insertion time too slow to stop the transient in time.

{e) zZirconium and steam reaction leads to hydrogen production, pessible
propagation and pressure tube rupture.

In general it can be said that various sequences can be postulated which
fit the known facts. The propagation of an undetected local fault or local
criticality seem the strongest possibilities, particularly the latter in view
of the increase in power. Propagation of these events could be either via
steam or hydrogen "explosions", with the former being more probably in reactor
and the latter affecting out-of-reactor plant.

(11}
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TasLE .1

LARGE RBMK UNITS

G e o

_ Status | Station | Unit | No of | Commercial
T at ! | oOutput | units | operation
31.12.85 | | wée (net) | }
| | | | |
i | Leningragd | leco ! “| 4 | 1974-1981
] } ! {
: ] Rursk | 1o ! 3 | 1978-1983
| In | ! I
Sarvice | Chearnobyl . | -1 4 | 1978~1984
| ) | f .
] s | smolemsk | teceo | 2 | 1983-198%
I T S N P
{ Ignala l 1500 1 | 1984
} | i
] - I - N S - | o
| Rursk | Joe0 1 | 1986 T
{ { : v ’
| Ignala | 1540 1 | 1988
{ ondec  ~— | . .. 1 ) I
| Construction | Chernobyl | \oop | ~ 277 1987-1589 "
I | ! | |
| | Smolensk | loop 2 | 198s8-1989
| ! | |
| | Rostroma | 1500 | 2 | 1988-198%
Pigura 1 shou._s ﬁhe location of these stations in the USSR.




Taple 2.

GENERAL SPECIFICATION

The:mnl‘pouer, MW . & v 4 ¢ ¢ o o o o o s s+ »

Electrical power (at generator terminals), MW

Core diameter, m . . . . . « . .
Core height, = “ e s e e 4 e
Lattice pitch, mm . . . . . . . .

Rumber of channels in lattice . .

"made up of: T
-~ fuel channels . . . .

T e

- control and safety system channels
- =-reflector cooling channels .

Number of channels outside lattice

s - made up of: _ S
- temperatura channels
- gas sampling channels

Constant uranium dioxide charge, t

Uranium enrichment, % . . . . . .

Mean power of fuel channel, kW .

Power of most highly loaded channel,

Coolant flow, t/hour . . . . . .
Mean bulk steam content . . . .
Saturated steam temperature, deg C

Coclant temperature at fuel channe

1

inlet, deg C

Saturated steam pressure in drum separators, kgf/cm

Feedwater temperature, deg C ., .
Marximum graphite temperature, deq
Burn-up MWD/kg uranium . . . . .

Mean channel power rating MW/te .

Peak channel power rating Mw/te .

C

»

T
.

IR

156

.

4

3140

1000

11.8

7

250 x 250

2044 - .-

1692
195

13

1850

2700

37.5 x

(10 to the 3)
0.15

284

270

70

160

700

18.5

15.4 (cf 13.%
at HYB)

22.4 {cf 17.4
at HYB)




TAgLE 2. conhned

Coolant Circuit .

Refuelling

Turbine generators

"Reactor building — "

]

180 degree C.

Two parallel loops, 4
pumps per loop. Coolant
enters the fuel channels
from below (supplied by
individual feeder pipes)
and the steam—~water
mixture from the top of
the chapnels passes along
individual riser pipes to
steam drums (2 drums per
loop)

The coolant pressure at
the steam drums is 68.6
bar (9941lb/sg in}.
Feedwater temperature is

On load, up to 5 channels/
24 hours.

ZxSODyWe capacity each at
the generator terminals.

" (See Fig 2} The..reactor. .

core is in a concrete

vault and the main primary
circuit components (piping,
pumps, sSteam drums) are in

. separate cells with

concrete biclogical
shielding round them. In
the bottom of the reactor
building is a 'bubbler
pond' (suppression pool)
into which steam can be
discharged If it cannot
be passed to the turbine
condenser.



TABLE 3

CHARACTERISTICS OF RBME~1000 FUEL SUB-ASSEMBLY
AND FUEL ELEMENT

~
-
-

. '
——————— — — ———r. —— ———— i — ——r i — ——. T——— ———— T —— U S A AL —r— —re=? " St ————— — d——

Distribution of fuel elements in fuel 2 rows of 6 and 12

sub-~agssgembly

Stainless steel cellular
type

-Spacer grid

Supporting central rod R Ir alloy with 2.5% Nb

Length of fuel element -.- .- —.. 3644-m . o s e
Weight of uranium dioxide (mean) 3.59 kg
Length of fuel column o 3430 ma

) A
Volume of gas e¢ollector 17.4 cubic cm

Fille:'gdé Helium at 1 atm’ s

Fuel element cladding Zr alloy with 1% Nb in
fully annealed condition

External diameter of cladding 13.6 mm

Wall thickness of cladding (min) 0.825 mm
Diametral gap between fuel and cladding ¢.18-0.38 mm
Fuel enrcichment 1.8%

Fuel density > or = 10.3 g/cubic cm

. i B A . —— T o . o ————— T B B Bk s W, s Wt R T e W S——— — — Y— Tl St ik

Height of fuel pellet 12.0 mm
Diametar of fuel pellet 11.52 mm
Volume of indentation on pellet 3

— . S b Sl S . e — i — V— A" (ki ——— Tt (. R Pl L T e B W S, St Wi e SR S sl mmbiels ot ———
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TABLE 4.

s
'1A:

THERMAL PARAMETERS OF RBMK-1000 FUEL SUB-ASSEMBLY

AND FUEL ELEMENT

Maximum

Coolant

Coolant

T Tiew L

Maximum

Maximum

Rate of
maximum

Maximum
slement

Maximum

Maximum

at inlet

at outlet

at inlet

power of fuel channel
pressure -
temperature -

steam content

velocity of steam-water mixture

flow of coclant through fuel at

power

thermal flux from surface of

at cutlet

—clom -

linear thermal power

fuel temperature

Mean burn-up

Duration of operation of fuel element

at rated power

. B o — —— — — i p— ) i o e e s bl Sk, S P s Pl T — S S— —————

27 wt.%

3000 KW

80 kgf/square cm
73 kgf/square cm
265 degrees C

284 degrees C

20 m/sec

21,200"kg/hour

83 W/square cm
150 W/cm

1800 degrees C

19,500 MWD/t uranium

1190 days
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F = Raepais service Compartment

Fig.2.  Layout of the {irst stages at (a) Kursk R
and (b) Smolenck A
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1 Cladding failure dstection system 16 De-asraior

2 Steam separator

3 Monitoring channal

4 Fyel channsi

5 Reactor

6 Emergancy feed-water tank
7 Spurging tark

8 Emergency cooling pump
9 Condensers

10 Condansate pumps
11 Separator and superheater
12 Turboaiternator «»
13 Condensesr

14 Condensate pumps

15 Low-pressurs prahealers (five in series)

Fig. 105chemaric of RBMK— 1000 generating unit

17 Electric leadpumps

18 Prassurizers of smergency cooling system
19 Aftercoolers

20 Regenarators

21 After-heat removal hose

22 Main circulating pump

23 Gas circuit condenser

24 Compressor

25 Helium cleaning plant

26 Buller gashoider

27 Wet gasholder

28 Ventilation slack

29 Fuel channei failure detection aystemn

30 Pumps and heat exchangers of control rod system
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Schematic diagram of the system for retaining and localizing

radiocactive products in the event of an accident involving

1, 11

2, 8

10
12
13
14
15

16

an RBMK-1000 type reactor

sprinklers

left and right hand halves of the hermetically
sealed chambers

left and right hand halves of the rooms housing
the lower water lines

valve panels in the partitions separating the chambers
and the corridors

surface type condensers

steam dis:riétion corridor

relief valves

heat-exchanger

pump

check valves

air space above sxparge pond

depth to which sparge pond is filled with water

To emergency reactor cooling system collectors.
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Fig. & Schematic flow diagram of a generating unit at an RBMK-1000
type nuclear power station
1.  Reactor
2, Helium purification plant
3. System for monitoring the moisture in the reactor graphite
blocks
4. Drum-separator 12. Main turbine condenser
3. Main circvlating pump 13. Filter
6. Sparger 14. Condensate pelishing unit

15. Deserat
7.  Process condenser eserator

8 16- c: emic. II treat d make-u wvacer
- Plrt Df h,P turbine ' ly e e P
g P.!: Df - l: * c“ CIe.“I“ pllnt

- 1 P tulbinﬂ 8

18. Nit lant
10. Power generator 8 rogen plan

1. Separator-stean superheater



Fig. 7/

Diagram of multiple forced circulation loop of an RBMX-1000

type reactor

10.
11.
12.
13.

14,

Drum-separator

Steanm to turbine

Compensation line

Steam-vater lines (76 x & mm, n = 1693)
Reactor

Downcomers {(nom. dis. 300, n = 48)
Control valve

Lover water lines (57 x 3.5 om, n = 1693)

Group distribution manifold (nom. dia. 300, n = 44)

Suction and pressure headers (nom. dia. 1000,
Check valve =
Main shut-off valve

Connecting pipes (nom. dia. 800, n = 10)

Throttle valve

ns &)



* Header

Essential schems for eirculation loop and ECS:
TEACLOT: 2) separator; 3) MCP; &) prassurized collac-
tor;15) DGCE 6) hydraulic accumulation unit 1o ECS: 7)
feed pump; 8) ECS pumps; 9) water etock in coundensation
devica; 10) ECS collaczor; ll) restricticn sozzle; 12)
internediate throttling link; 13) cutoff float valve;

14) fast ECS valve; 135) DGC insert; a) stasm to turbines;
b) condenssts returm.



United Kingdom Atomic Energy Authority

Overseas Relations Branch

Our Ref: UR.2 (F.1)
JA.?

17th June, 1986.

Dr. M. R. Hayns,

U.K. Atomic Energy Authority,
Safety and Reliability Directorate,
Wigshaw Lane,

Culcheth,

Warrington, WA3 UNE,

Cheshire.

ear Miie

Chernobyl -~ Impact on Japan

0t

11 Charles Il Street
London SW1Y 4QP

Telephone: 01-930 5454

My contact at the Japanese Embassy has sent me a copy of a
preliminary report on the impact of the accident on Japan and the
measures taken by the Japanese Government. The Japanese would ﬂ
appreciate similar information from the UK. Is there anything

available with which I could reciprocate?

Yours sincerely,
“tavw
D. M. levey

. N. Marsham, Northern Division
low, Harwe

. M. Lomer lham

Eolmes ,Minfrith

. H. Gigfus, SRD

. A, Hicks, WRPD, Harwell

I. W. Llewelyn, 1LHQ
Chadwick, LHQ

. W. Blumfield, DNE

. M. McMillan, ISB, LIQ.

FEFHIFFYYY
EO:'d.G‘)U.C-c..C-cE.G)H

Enclosure.



IMPACTS OF SOVIET NUCLEAR ACCIDENT ON JAPAN AND

MEASURES TAKEN BY THE JAPANESE GOVERMMENT

l, Impacts on Japan

(1) A very minute amount of radiocactivity that is
not significant to pose any health risk was
detected from some of the Japanese who returned
to Japan on May 1 from Mogilev, about 300 km to
the north of Chernobyl Nuclear Power‘Plant and
of the Japanese tourists who retuiniéd on May 5

from Kiev and neighborhood.

(2) Radioactive substance (Iodine 131) presumably
originating from the above accident was first
detected on May 3. It has since been detected
nationwide in Japan, but the quantity is not signi-

ficant to pose any health risk.

2. Measures'takenggg the Japanese Government

(1} Measures against radiocactivity

a. Science and Technology Agency instructed the
intensification of radioactivity monitoring

by 32 prefectures on April 29.

-b. Enlarged meeting of representative secre-

tariat members of the Radioactivity



Countermeasures Headquarter (presided by
/the Minister of Stﬁte for science and
Technology) was held on April 30,.and it was
agreed to intensify the radicactivity
monitoring regime and announced the

advisory measures for the time being.

(See Attachment 7)

The plenary meeting of the Radiocactivity
Countermeasures Headquarter was held on
May 4, and decided to intensify the radio-
activity monitoring activities and decided
matters of precaution in the immediate

Future. (See Attachment 8)

Secretariat members meeting of the Radio-
activity Countermeasures Headquarter was
held on May 13, and it was agreed upon

that the current intensified activities of

radioactivity monitoring should be continued.

(See Attachment 9)

Meeting of representative secretariat

. members of Radicactivity Countermeasures:

Headquarter was held on May 17, and future
monitoring of radioactivity in Japan
concerning the Soviet nuclear accident was

discussed. (See Attachment 10)



£. Meeting of representative secretariat
,members of Radiocactivity Countermeasures
Headquarter was held on May 22, and it was
decided that the future radicactivity
monitoring in Japan-should be directed to
grasping environmental radioactive level

and a long-term accumulating tendency of

radiocactivity correctly. (See Attachment 11)
(2) Investigation of accidents

a. Nuclear Safety Commission held an éxtraovdi-
nary meeting on April 30 and released a
statement in the form of an informal talk
of the Chairman on the establishment of
special investigation committee on the
accident, desire for related information
to be released by Soviet authorities.

(See Attachment 12)

b. Nuclear Safety Commission established on
May 13 the Special Investigation Committee
on the Soviet Nuclear Plant Accident.

{(See Attachment 12)

¢. The first meeting of the Special Investigation
Committee was held on May 16. (See
Attachment 13)



(3) Actions by the diet

-~

Resolutions were adopted in the plenary session
and Standing Committee on Science and'Technology
of the House of Representatives and the plenary
session and Special Committee on Science and
Technology of the House of Councilors.

(See Attachment 14, 15)
{(4) Other measures
a. Measures for Japanese residents overseas

(1) Radiocactivity analysis was carried out on
May 3 for_the environmental samples,
such as food stuff, sent from the
Japanese Embassy in Moscow. (A minute
quantity of.Iodine 131 was detectedqd,
bﬁt it was not significant from health
risk.)

Similar analysis were carried out again
on May 8 for additional food stuff sent
from the Japanese Embassy in Moscow.
(Iodine 131 of 1,300 pCi/liter and
other nuclides were detected from cow's

(ii) sSpecialists were despatched to the

Soviet Union and Eastern European



countries for advice on health of

Japanese residents.

A specialist of radiological protection:
leaving on May 3 to Warsaw and Stockholm

A specialist of health physics: leaving

on May 4 to Moscow and Leningrad.
Measures for home-caming travelers

Medical examination was started on May 2
by the National Institute of Radiological
Sciences for the home-coming travelers
from the Soviet ﬁnion. Examination was
also started on May 13 by Kyoto University
Hogpital and Hamamatsu Medical College
Hospital.

Measures for imported foods

Necessary monitoring for imported foods is
being carried out by the Ministry of Health
and Welfare based on informations from the
countries concerned, so as to prevent
import of food contaminated by radioactive

substance.



d._,Measures for travelers abroad

Special attentions are being called for
travelers to the regions of suspected
contamination by radiocactivity by the
Ministry of Transportation in cooperation
with Ministry of Foreign Affairs.



Attachment 13

Detaction of I-131

Max. Value as of 17:00 May 23, 1986

Radiation Countermeasurs Headguarters

Tapped Air-borne

oceton jah, il b MY, ke i,
1 Hokkaido 467 13 - 280.4 - 4477
2 Acmori Pref. 2150 N.D. - N.D, - -

3 Akita Pref. 5100 25 - 103 - -
4 . Iwvate Pref, - - 8ig. - - -

5 Miyagl Pref. 260 N.D. 13.6 320 2230 -

6 rukushi;a Pref. 8320 N.D. 4.3 298 5720 -
7 Gunma Pref. 920 - - - - -

8 Ibaraki Pref. 1987 17 7.5. 390 10300 5700
9 5n1£ama Pref. 31 N.D. - 98.9 - -
10 Chiba Pref. 13300 32 5.4 32 4800 10000

11 Tokyo 9300 - 12.0 - - -

12 Kanagawa Pref. 5400 N.D. 22 160 9000 3800

13 Shizuoka Pref. 2300 4.3 0.9 96 - -

14 Niigata Pref, 2000 36 12 220 3000 -

15 Toyama Pref. 1840 N.D. 8.3 - - -

16 1Ishikawa Pref. 1304 13 12.3 24.1 - -

17 Pukui Pref. 2391 N.D. 22,5 240 3300 16000

18 Shiga Pref. 210 4 3 - - -

19 Kyoto 990 N.D. 8.3 160 - -

20 Okayama Pref. 4800 44 6.2 sig. ~ 8100 4400

21 Shimane Pref, 8923 .22 7.9 677.7. 3.6 5990



Tapped Air-borne

0.24 pci/m? about 10000m height

"Tap water®™ includes samples from city water reservoir

H

D s
N.D. :
sig. :
(Rounded

"Milk" includes
unprocessed milk, market milk

‘Detected

Not detected
Significant

{(No quantitative data)

to one decimal place)

Rain Milk Vegatables Others
Location - Water Dust
pci/2 oCi/b  pei/m? pCi/f pCi/kg raw pCi/kg raw
22 Ehime Pref. 680 N.D. 4.1 N.D. - -
23 Fukuoka Pref, sig. N.D. 2.4 216 - D
24 Saga Pref. 1870 N.D. 6.0 29.1 - 649
25 Nagasaki Pref, D N.D, 0.6 3.4 - -
26 Kumamoto Pref, - - - 1l6.5 900 -
28 Okinawa Pref. 115 N.D. 1.0 33.2 - 3638
29 ‘Solitary Islands (pCi/%)
Miyake-jima : Rain water 160 (Toxyo)
Hachijo-jima : Rainwater 340 (Tokyo)
Tsushima ¢ Rainwater N.D. (Nagasaki Pref.)
Hukue-jima : Reservolr N.D. (Nagasaki Pref.)
30 Defense Agency (high altitude air of the central Japan)
0.21 pCi/m® about 10000m height
31 Defense Agency (high altitude air of the northern Japan)
0.59 pci/m? about 10000m height
32 Defense Agency (high altitude air of the western Japan)






(pCi/ of)
s.80

ledine [S1 Concentration in High Altitude

‘Airborne Dust in Three Airspace

(De!eﬁce Agency)

June. 4, 1986

( Attachment 3 )
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i

lodine |31 Conc eatrat i on ia Airborne Dust

(5cience and Tecbnology Agency)

June. 4. 1986

Beadquarter

C/m?

0.0

18.0 °

18.0 ’ . Hl,." Pref.
14.0 ) i
12.0
10.0
6.0

5.0

4.0

2.0

0.0

57 % 5 1w | 15 20 28 8/ 1 s date
pCi/m? s
2000 -
18.0
18.0
4.0
12.0
i0-0
8.0
8.0
4.0
2.0
.0

Kanagawa Pref.

- ]ﬁ LR ) ' LA I-I:I:"_I_I_l [ LI BN IR BN |
s 1 s T S H ) 1 871 s date
pCi/ m

20.0
18.0
16-0
1.0
12.0
10.0
Y
60
¢0
20
0.0

Fukui Pref.

[ L) l LR BREE BREE B N l_1_r ] | LB L.
/1 - S 10 is - 20 FH €1 s date
i/ m? :

20.0
8.0
150
14.0
“12.0
10.0
8. 0
6.0

40 : .

2.0

0.0 : - :
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Radioactivity Counterseasures:
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Attachment 7:

Understanding at the Enlarged Meeting of
Representative Secretariat Members of

Radiocactivity Countermeasures Headquarter

April 30, 1986

Practically no impacts on Japan can be anticipated due
to the radioactive nuclides discharged into the environ-
ment from Chernobyl Nuclear Power Plant in thé Soviet
Union as & result of the accident because of the large
distance (about 8,000 to 9,000 km). Following measures

have been already taken in Japan.

(1) The Science and Technology Agency has intensified.
activities of radiocactivity monitoring network in
32 prefectures and environmental monitoring around

nuclear power plants.

(2) The Meteorological Agency has also intensified
radiocactivity observation activities by district
meteorological observatories in 13 districts, local

observatories and other weather stations.

However, considering the fact that the acci&ent

concerned is estimated to be of a very large scale,

the present enlarged meeting has decided to take
the following actions so as to assure-cautious

measures against radiocactivity.
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The Science and Technology Agency shall ensure (1)
daily measurements of spacial radiation in the 32
prefectures, with gross beta-measurements for rain
water_and fallout dust as required, and (2) continue
to intensify monitoring activities of environmental

radioactivity around nuclear power plants.

The Defence Agency shall take samples and conduct
radioactivity measurements of floating dust in the

high altitude atmosphere.

The Meteorological Agency shall (1) continue to
intensify monitoring activities of radiocactivity in
13 district meteorclogical observatories, local
observatories, and weather stations, and (2) conduct
investigation and analysis of the atmospheric current

reaching Japan from Kiev District in Soviet Union.

The Ministry of ?oreign Affairs shall continue to
strengthen collection of information concerning the

accident at Chernobyl Nuclear Power Plant.
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Attachment B:

Japanese Measures against Radioactivity

as a Result of Accident in

Chernobyl Wuclear Power Plant in the Soviet Union

Radiocactivity Countermeasures Headquarter,

May 4, 1986

1. Background Information

(1)

(2)

Enlarge” meeting of representative secretariat
members of Radioactivity Countermeasures Head-
quarter was held'qn April 30, concerning the
accident at Chernobyl Nuclear Power Plant in
the Soviet Union, and it was agreed to intensify
the radiation monitéring activities by the
ministries and agencies concerned. Constant
measurements of radioactivity for high altitude-
floating dust, floating dust near the ground
surface, rain water, and the spacial radiation

have been carried out accordingly.

No impacts had been recognizéd that could be
attributed to the accident in the plant before
the Saturday evening of May 3,-but Iodine 131
-was detected by nuclide Analysis of floating
dust near ground sﬁrface and rain water

collected on and after Hay 3 as follows:
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{Note)} Iodine 131 decays with a half-life of

-

8 days, but it is apt to concentrate

in a thyloid if it is taken in.

» Floating Dust near the Ground

(1} Kanagawa Prefectural pubiic health laboratory

(2)

no quantitative May 3 12:00 v 14:00
analysis . thereafter
« Rain Water

Result of
investigation

Date of sampling

0.1 pci/m?
1 pci/m?
1 pci/m?
4.2 pci/m?

May 3

11:30 ~ 13:30
16:15 ~ 18:17
18:20 v 20:20
22:40 v 0:40

Tokyc Metropolitan Isotoﬁe Research Center

Result of
investigation

Date of sampling

Detacted but

(1) Japan Chemical Analysis Center

Result of _

investigation Date of sampling
4000 pci/2 May 3 9:00 ~ 22:30
(7400 pci/m?)
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(2) Tokyo Metropolitan Isotope Research Center

Result of

investigation Date of sampling
1700 pci/2 May 2, 12:00 ~ May 3, 19:00
(8700 pci/m?) .

{3) Kanagawa Prefectural public health laboratory

~ Rasult of _
investigation Date of sampling
263 pci/t May 3 9:00 v 16100
(800 pci/m?)

{Note) Figure in { ) shows the amount of fallout.

2. Future Measures

- {1) Intensification of radiation mdnitoring
activities

In view of the detection of Iodine 131 in a
considerable amount, the existing activities
of radiation nmonitoring shall be intensified

further so as to investigate the influence of

released radiocactivity.

@D Nuclide analysis shall be promptly carried
out for‘rain water, service water,
floating dust, by Japan Atomic Energy

Research Institute, Power Reactor and

-
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Nuclear Fuel Development Corporation and
prefectural governments that have equip-

ments for nuclide analysis.

Nuclide analysis shall be carried out for
the floating dust in high altitude atmos-

phere.

The temporarily intensified activities of
radiation monitoring of high altitude
atmospheric current and those inrthe
meteorological observatories and weather

stations shall be continued.

(2) Matters of attention for the time being

@

The level of radiocactivity in rain-water_
detected yesterday in Chiba is such that
the permissible dose activity cannot be
reached unless taking 2.2 liter of the
rain water concerned daily for half a
year; thus the drinking of collected rain
water is harmless at the moment. However,
it is desirable to filter rain water |
through a layer of charcoal if it is to

be taken directly.

There is no concern about service water,

well water, or cow's milk.
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(3)

(® , Leaf vegetables also pose no problems,
but it is desirable to wash enough before

consumption for the sake of precaution.

(d There is no problem in other daily
' activities such as washing clothes, drying

them in open air and getting wet by rain.

Future measures

Based on the result of radiation monitoring in the
future, meetings of Radiocactivity Countermeasure
Headquarter shall be held a.s';ppropr:l.ate, and

necessary measures shall be discussed.
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Attachment 9:

Understanding at the Meeting of
the Representative Secretariat Members of

Radicactivity Countermeasure Headquarter

May 13, 1986

With regard to the accident in Chernobyl Nuclear Power
Plant in the Soviet Union, enlarged meeting of repre-
sentative secretariat members of Radicactivity Counter-
measure Headquarter was held on April 30, and it was
agreed to intensify radiation monitoring activities by
the ministries and agenciés.concerned. Further, the
plenary meeting of Radicactivity Countermeasure Head-
quarter was held on May 4, to further intensify
radiation monitoring activities so as to investigate
the impacts of radioactivity released. The result of
investigation to date shows that there is no ill health

effects of radiocactivity in our country at the moment.

In order to ensure our measures against radioactivity
we reviewed the information on the radiation monitoring
activities by other countries, and it was decided that

the following measures shall be continued.
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1.

Radiocactivity Monitoring Activities

' While extending the current radiation monitoring

activities,

(1) Radicactivity measurements by Science and
Technology Agency for the samples of rainwater
taken by The Maritime Safety Agency and the
Ministry of Health and Welfare in solitary

islands shall be continued for the time being.

(2) Radiocactivity measurements shall be carried
out by The Ministry of Education in cooperation
with universities in those prefectures where no

radiation monitoring had been conducted.
Measures for Imported Foods

The Ministry of Health and Welfare shall further
intensify necessary monitoring activities on
importeﬁ foods, based on informations from those
countries concerned, from the viewpoint that
importation of food contaminated by radiocactivity

be prevented.
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Measures for Travelers Abroad

The Ministry of Transport shall take necessary
actions, in cooperation with the Ministry of Foreign
Affairs, for example calling attention of travelers
to the regions of suspected contamination by-

radicactivity.
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Attachment 10:

Domestic Radiation Monitoring Activities Concerning

the Soviet Nuclear Plant Accident

Radio&ctivity Countermeasures Headquarter,
Representative Secretariat Meeting
May 17, 1986

It can be concluded that the existing coﬁntermeasures
agaiﬁst radiation in our country need not be aitered,
judgipg from the official announcement by the Soviet
Government on the status of the reactor after the
accident and the results of monitoring of radiocactivity
level in our country. Therefore, radiation monitoring

on Sunday of May 18 shall be conducted as follows:
The following sampling actions shall be conducted.

{1) Rainwater and cow's milk

Samples of rainwater and cow's milk shall be taken,
but measurements of radiocactivity shall be carried

out on later date as required.
{(2) Floating dust, leaf vegetables, service water, etc.
No sampling of them required.

However, some monitoring organizations that are
responsible for obtaining data continuously and in a

wide region shall continue radiation monitoring

activities as ever.
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Attachment 1l1:

-~

Domestic Radiation Monitoring Activities Concerning

the Soviet Nuclear Plant Accident

Radiocactivity Countermeasures Headquarter,
Representative Secretariat Meeting

May 22, 1986

Radiation monitoring activities have been conducted
based on the May 4 decision and cother actions of Radio-
activity Countermeasure Headquarter in coopera+irn with

ministries, agencies, and local governments concerned.

The environmental radioacfivity level in Japan shows a
gradual declining tendency in general since the middle
of May, according to the results of the domestic
radiation monitoring. Taking this into consideration-
together with the informafion such as official announce-
ment by the Soviet Government on the current status of
the reactor after accident, it may be concluded that
environmental radiocactivity in Japan will not pose any
special problem from the viewpoint of environmental

safety.

Based on the above circumstances, radiation monitoring
activities on and after Friday, May 23 shall be

conducted as follows for the time being so that the

-
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environmental radiocactivity level and long-term

accumulation tendency be properly grasped.
1. Nuclide Analysis

(1) Samples shall be taken and analyzed for the
following items three times a week (Monday,
Wednesday, and Friday) except some monitoring
organizations responsible for collecting
continuous and wide-region data, that shall
take samples every day and analyze them as

appropriate,

Rain water
Service water

- Cow's milk

® 0O e

Flocating dust (including high altitude

atmospheric floating dust)

(2) Leaf vegetables shall be sampled and analyzed

once a week (on Monday).

(3) The marine lives, seawater, and sea bottom
soil that have been the object for monitoring
in the case of N-test fallout, shall be
sampled and analyzed as appropriate in order
to provide data for a comprehensive appraisal

in the future.



Gross Beta Measurements (Floating Dust and Rain

Water) and Spacial Radiation Monitoring
Monitoring by normal activities

Periodical monitoring of fallout shall be carried

out by moving up the date.
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Aﬁtachment 12:

-

On the Accident at Chernobyl Nuclear Power Plant
in Soviet Union

(Tentative Translation)

Informal Talk by the Chairman of
Nuclear Safety Commission

April 30, 1986

The details of the accident at Chernobyl ﬁuclear
Power Plant in Soviet Union as to its cause,
sequence and current status are not clear yet,
because sufficient information are not yet published
by the Soviet authorities. However, the radioactive
substances discharged from the power plant concerned
is considered £o pose no ill health effect on the
Japanese people due to the considerable distance

from the place of the accident to Japan and other

factors.

As for Japanese nuclear power plants, muéh effort
has been exerted to maintain their safety and
reliability reflecting the experiences of accidents
and troubles in nuclear power plants at home and
abroad, including one at TMI Nuclear Power Plant in -

USA, The troubled reactor in Chernobyl Nuclear

-
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Power Plant is of a type of graphite-moderating
light wé;er-cooling, developed originally by the
Soviet Union, and its structure is different from
those in Japan. However, our commission will
endeavor to obtain related iﬁformation and examine
whether or not there will be matters to be reflected
in securing safety in the development and utili-
zation of nuclear power and in nuclear safety
regulations in Japan, For this purpose it has been
decided to establish in our commission on Special
Investigating Committee on Soviet Nuclear Plant

Accident.

Our commission strongly hope, in view of the
significance of the accident concerﬁed that Soviet
authorities will release detailed information on

the accident successively.
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Attachment 13:

Establishment of Special Investigating Committee on

Soviet Nuclear Plant Accident

Nuclear Safety Commission

May 13, 1986

Object of Establishment

In order to investigate and deliberate such matters
as the cause and impacts of the accident at
Chernobyl Nuclear Power Plant in the Soviet Union,
Special Investigating Committee on Soviet Nuclear
Plant Accident (hereafter called "Committee") is

established in Nuclear Safety Commission.

Committee Mandates

The "Committee" shall investigate and deliberate on

the following matters:

(1) Investigation of the accident at Chernobyl

Nuclear Power Plant

(2) Discussion on matters to be reflected in the
measures for securing nuclear safety in Japan,
in conjunction with the accident at Chernobyl

-Muclear Power Plant
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(3) Other important matters with regard to the

-

accident at Chernobyl Nuclear Power Plant
Organization

The members of the "Committee” shall be selected
from among the members of the Committee on Exami-
nation of Reactor Safety and the Committee on
Examination of Nuclear Fuel Safety, as well as
members of various Special Committees .in Nuclear

Safety Commission,
Management

Articles 2 to 10 of Management Regulations of

Special Committees of Nuclear Safety Commission
(decided by Nuclear Safety Commission on October
25, 1978) shall be applied for management of the

"Committee".
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MENBER O F SPECIA L INVESTIGATING COMMITTEE ON
SOVIET NUCLEAR PLANT ACCIDENT

MAY. 13.1986

NAME

- OCCUPATION

uR,
] OB,

MR,
MR,

NICNIO AKEBI
NICHIO ESHIKANA
RYUSH] ICHNIKAWA

KAZUHIKO 1KAl

TATUD OKO

.. KAZUD SATO

WASAYOSHI SHIBA

TODASU TAKEKOSH!

‘TOYOZO TERASHIMA

PROF. YASUMASA TOGON
OR,
PROF. NADHIRO HIRAKANWA
PROF, YOHICEI FUJIIE

NASAD NOZAWA

ICHERD MIYANAGA
ATUYOSRI KORISHINA
BAJEME YAMAROUCHI

TOMOAKT YDSIKANA

DIRECTOR, REACTOR DEVELOPMENT COODINATION DEVISION , PNC
DIRECTOR, DEPARTMENT OF JPDR, TOKAI RESEARCN ESTABLISHMENT, JAERI
DIRECTOR, DIVISION OF ENVERONMENTAL HEALTH, NATIONAL INSTITUTE
OF RADIOLOGICAL SCIENCES

GENERAL NANAGER, BESINESS DEPARTMENT, JAPAN RADIATION SAFETY
TECHNOLOGY CENTER

HBAD, MATERIALS STRENGTR LABORATORY, DEPARTMENT OF RIGH
TEMPERATURE ENGINEERING, TOKAl RESEARCH ESTABLISHMENT, JAER]
DIRECTOR, OEBPARTMENT OF REACTOR SAFETY RESEARCK, TOKAI RESEARCH
ESTABLESEMENT, JAERI]

DEPUTY DIRECTOR GENERAL, JAPAN IRSTITUTE OF NUCLEAR SAFETY,
NUCLEAR PONER ENGINEERING TEST CENTER

RESEARCH ADYISOR, CEXTRAL RESEARCH INSTITUTE OF ELECTRIC

POWER IRDUSTRY

OEPUTY DIRECTOR GEKERAL, KATIONAL IKSTITUTE OF RADIOLOGICAL
SCIENCES

TOKYD UNIVERSITY

EXECUTIVE DIRECTOR, JAERI

TONOKV UNIVERSITY

NAGOYA UNIVERSITY

EXECUTIVE DIRECTOR, JAERI

ADYISORY SCIEKTIST, JAERI

DEPUTY SENIOR DIRECTOR, REACTOR CONSTRUCIOM AND OPERATION

IX CHARGE OF ATR, PNC

CWIEF OF THIRO RESEARCH LABORATORY, APPLIED NETEORDLOGY RESEARCH
DIVISION, METEOROLOGICAL RESEARCH INSTITUTE, JAPAN METEORDLOG]CAL
AGENCY

JAERE ¢ JAPAN ATONIC ENERGY RESEARCK INSTITUTE
: PONER REACTOR AND NUCLEAR FUEL DEVELOPNENT COORPORATION

PNC
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Attachment 14:

-~

Resolution on the Accident at
Chernobyl Nuclear Power Plant in

the Soviet Union

Resolution in the plenary session of
the House of Representatives

May 8, 1986

The accident that happened at Chernobyl Nucleer Power
Plant in the Soviet Union towards the end of April has
aroused strong impaces to the countries across the

world, including Japan. Therefore, bhe it be resolved
that the government shall promptly take proper actions

as follows in cooperation with countries concerned:

1. To work upon the Soviet Union for prompt release of
such information with regard to current status and

causes of the:accident.

2. To make efforts for the investigation of the causes
of the accident and analysis of data with inter-
national cooperation centering around International
Atomic Energy Agency, so as to fully reflect them
on the safety assurance and safety regulation in

Japan,
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3. To take prudent and sufficient countermeasures

against the radioactivity released from the accident.

(The above resolution was adopted in accordance with the
similar resolution made by Standing Committee on Science

and Technélogy of the House of Representatives on May 2,

1986.)
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Attachment 15:

Resolution on the Accident at
Chernobyl Nuclear Power Plant in

the Soviet Union

Resolution in the plenary session of
the House of Councilors’

May 9, 1986

The accident that happened at Chernobyl Nucleaf Power
¥Yiant in the Soviet Uniop towards tpe end of April has
aroused strong shock impacts to the countries across

the world, including Japan. Therefgre, be it be resolved
that the government shall promptly take proper actions as

follows in cooperation with countries concerned:

l. To request the Soviet Union for prompt release and
provision of informations concerning the current

status and the causes of the accident.

2. To make efforts for the investigation of the causes
of the accident and analysis of data centering
around International Atomic Energy Agency, §nd to
discuss international responsive actions in the
event of similar accident so that they can be

realized in an early date.
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3. To make any lessons learned from the accident fully
reflectéa on the safety assurance and safety regu-
lations of the nuclear power plants in Japén and to
take prudent and sufficient countermeasures against
radioactivity, for exampie intensifying environmental

radioactivity monitoring system.

{The above resolution was adopted in accordance with
the similar resolution made by Special Committee on the
Science and Technology of the House of Councilors on

h'.’y 1'7 ’ 1986 o)
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- MEMORANDUM

Te See below
Your Raef.
Our Ref.
Tel Ext Svbject USNRC STATEMENT ON CHERNOBYL IMPACT

I attach @ copy of a statement on the impact ©of Chernobyl on the USA, which was
made by the Chairman on the USNRC to the Congress Sub-Committee on Energy
Conservation and Power o 2.2 M“"& .

This was given to us by Dr José Cortez, USNRC Office of Nuclear Regulatory

Research, when he visited Winfrith fer the annual UKAEA/USNRC Agreement
meeting at Winfrith en 2/10 June 1986,

N W Davies

Distribution
Overseas Relations
Risley Dr J H Gittus, SRD
#Nr H Teagus, 8RD '
17 June 1986 Dr M R Hayns, SRD
Dr D Hicks, AERE
Mr J Fell, AEEW
Mr R J Haslam, RNE
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e l‘(_( Mfn e
Nuclear Power: Energy of Today and Tomorrow )

NS
The Lord Marshall of Goring

It was my original intention to review the status of nuclear
power worldwide as it stands today and predict jits future development
in the years to come. I had, of course, planned to give some special
attention to the position in the UK but, in the main, I had thought
to give a philosophical review from a policy point of view looking

at the world as a whole.

I have decided that that should remain the format of my talk but
sincé I originally planned it we have had the nuclear disaster at Chernobyl.
Therefore, although the plan remains the same, the content is entirely
different. In effect, I want to make a first attempt to answer the
guestions, where does nuclear power go now? Can nuclear power recover
from the terrible set-back presented to it by Chernobyl or must we
now anticipate the fading away of nuclear power throughout the world?

In my opinion, we can and will recover from the set-back which Cherncbyl

has given us. Indeed, we must recover from that set-back. But of

course different countries will cope with it on different timescales.
Some countries, like France, are likely to continue to expand their
dependence on nuclear power. They have programmes so well established,
and so well accepted by their people, that Chernobyl is almost a minor
perturbation. We therefore all look forward to nuclear power goina
from strength to strength in that country. Let us be thankful to the

French for setting us such an example.

For other countries, Chernobyl is likely to produce a longer
term set-back for the advancement of nuclear power and, of course,
most countries by definition will find themselves between these two
extreme positions. I do not propose to discuss in any detail the reaction
of any individual country to the Chernobyl disaster. I could not do
that authoritatively. I can only speak authoritatively for my own

country where the position is confused.



O

However, before I begin my main presentation, there are three
things I would like to say to our Russian colleagues and the Russian

people and I hope you will join with me in this.

First, I would like to express my sincere sympathy to the Russian
people, particularly the residents of the Ukraine, who have suffered the
direct consequences of this accident. They have received some radiation,
for some that has been fatal, for others it will be fatal, they have been
moved from their homes, and their lives have been significantly disrupted

by the civil nuclear industry. We are most sincerely sorry for that and

we send them our utmost sympathy.

Secondly, I think all of us who are professionals in the nuclear
business have been struck with the bravery and dedication of the operating
engineers, firemen and men on the spot once the accident had occurred.

Russia has many brave men - many of them now in hospital - and the

whole weorld, not just us in this room, owe them our grateful thanks

for the strenuous and vigorous efforts they made to control the accident

once it had occurred. We will all want to learn lessons from this

unfortunate event. It should not have happened, we will want to find out why it
did happen. We should suspend judgement on that until the facts are known. But,
judging from present information, we shall be full of praise for the recovery
cperation itself.

Thirdly, I would like to make an appeal to the Russian authorities.
Inadvertently a large number of the Russian population have received
a radiation dese large enough to produce statistically significant
results on the long-term health hazards of radiation. It isg vitally important
that the trauma of this event should be turned to whatever advantage
can be found and we now inadvertently and sadly have an opportunity
to add to our knowledge about the long-term health hazards of radiation.

I therefore appeal to the Russian authorities to conduct the most stringent.
and scientific investigations into the health effects of the Chernobyl
accident over the next three or four decades and, if possible, I urge

that that study be done on an internaticnal basis so as to produce the
maximum possible confidence in the future application of the results. Of
course in some ways it may sound cynical to regard the affected people as
just part of a large scale experimental test but I hope my remarks will not
be interpreted that way. It is unethical to expose people to radiation
unnecessarily but, given that it has happened, it is proper, profeséional

and scientific to learn what we can from the accident.
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That said, how does Cherncbyl change the world nuclear scene?
In some ways nothing has changed at all but, in a profound sense, everything
has changed. From a professional point of view we can point out that the
Russian reactor at Cherncbyl was of a type not used in the West. Therefore,
in detail, an accident on the Chernobyl feaﬁtor provides no significant
technical information about reactor systems in the West. Indeed, we can
go further. ©Our knowledge of the Russian reactor, though sparse, is
sufficient to persuade us that it could not easily, if at all, get an
operating licence in an established nuclear country in the West. Certainly
I believe that to be the case in the UK where safety has to be proved from
our own direct knowledge and experience elsewhere cannot be part of a safety

argument. From a technical and engineering point of view, therefore, it is

entirely valid to say that the Russian incident is not likely to affect
nuclear power in our countries at all, If a Russian airliner crashed, we
would not immediately ground all Boeing jumbo jets. We would see the event
as relevent, but not directly relevant, to the airline industry and aircraft
construction industry of the Western world. Because of the technical
differences between the Russian reactor and our own reactors, whether

built in America, Canada, Japan, France, Germany or the UK, exactly the same
comment can be made. I do not think we will learn from this event anything
concerning reactor design or safety assessment which we did not know already.
We have already had the trauma of Three Mile Island. That did teach us

some lessons. I do not think Chernobyl will have such direct technical
relevance. But of course, as professional engineers, that brcocad judgement
will not prevent us frum doing our homework properly. When we do know the
details of the Chernobyl accident, we will all wish to review what lessons
can be learnt and what technical lessons should be absorbed by us in the
West from this event, We will, therefore, learn what we can. I am simply

anticipating that, technically, we will not learn a great deal.

In contrast, I think we will learn a great deal from studying the
handling of the emergency itself, particularly the evacuation of people.
We will learn also from the evidence upon the dispersal of the radioactive
cloud. Certainly, therefore, we should review our emergency planning in the
light of the lessons learnt from Chernobyl. But those lessons will be
institutional and organisational rather than technical. We can also learn
much akbout tackling big aécidents and the resources required and how these
can be marshalled. Finally, as I have remarked before, we can learn a great
deal of scientific interest and radiological interest by studying the radiological

consequences of the accident over the coming decades,
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However, all that is a matter of detail, not of principle, and
therefore, as I said earlier, there is a real sense in which the events at
Chernobyl have changed nothing here in the West. But that, I fear, is
only a narrow technical appreciation of very little relevance to the problems
facing the nuclear industry today because, although nothing technical has changed,
for nuclear power everythiﬁgelse has changed. Everything else has changed because
for the public, our politicians and our Governments the public perception
of nuclear power has changed and changed dramatically for the worse.

Chernobyl has been the centre of worldwide attention for many weeks. The
public have been shocked by the widespread effects of Chernobyl. They are
appalled that an accident 1,000 miles away in the Ukraine can have effects

in the gJuiet countryside of an English village. We all of us live in a
democracy. We can do nothing without the acceptance of the public, we

can do nothing without the approval of public opinion and we are in severe
risk of losing that as a result of the shock which Chernobyl has given to
people worldwide. What then should the nuclear industry worldwide do?

What are our prospects in the future? When will we recover from this set-back

and what should we do to help that recovery?

To attempt to answer those questions I feel obliged to go back to
first principles. Do we really need nuclear power and when will the public
realise that most forcibly in the future? To start at the beginning, do we
need nuclear power? May I remind you that world supplies of oil and
gas are neot finite. The number of new large cilfields being discovered
has declined. Some of the oilfields in the North Sea have already passed their-
peak production rate. Whatever in detail the consumption of oil may be in
future years, it will be an increasingly scarce commodity by the year 2030;
scarce either because of physical shortage or price. Much the same can be said
of gas. Let us suppose by the year 2030 the world's production of coal has
multiplied by a vast factor of five in order to replace the world's
dependence on oil and gas. Then even with that vastly increased coal extraction
rate, we will have only enough energy, shared out egually throughout the world,
to give each person the present day energy consumption of say a Mexican peasant.
I do not think that would be acceptable in any industrialised country. Therefore,
on this timescale of half a century or so, we must plan either to keep the third
world and the developing countries short of energy and in poverty - so that
we in the West can retain a disproportionate share of the world's energy or
we must introduce a major new energy source. I reject the first option as
unethical, energy supplies to the third world must increase and those, countries
must be given the chance to catch up with us. We therefore must introduce a
new energy source. The only plausible new energy source is nuclear power and

fission n%f}ear power at that.
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In my opinion, the attracticns of fusion nuclear power are
almost entirely illuscry. In the developed countries of the world the
hydro power opportunities are largely exploited already, the alternatiwve
energy sources are simply inadequate tc support civilised life as we know
it. We dc therefeore need nuclear power. We need thermal fission reactors

first and ther we need fast breeder reactors. I remain convinced of tnat

' /

fact not because 1t is constantly reiterated by myself and my nuclear //
colleagues but because I have tried to find an alternative for the !

future and 1 _annot find it. /

However, if we 3o need nuclear power and we do need fission nuclear
power, wnen will the ¢general public realise that? Not teday and not
woridwide because 0il once again is cheap and Chernobyl has frightencd
people. Of coursc some countries have innate, special advantages wnich
T

should enable thnem te maintain a policy of nuclear expansion. &as I

mentioned earlier, France is very special but it has four natural

advantaces in support of nuclear power. Let me review them for vou.
France nhas nc¢ oll, ne cec and no coal. It has no choice except toc nave
a2 successiul nuciear rrocramme so, »f course, :t has cne. I think Japan is

in a very similar pos:tion to France but, in contrast, @y own COUntry nNas

aas andé 2 long-term sunply of coal. These are

§)

»lenty of oil, tog o

important facrteors a&ffesiling public perception of the necessity of nuclear
power ané their vercepticn of the necessity of nuclear power influences their

acceptrance of <The risre cf nuclear power.

But the price of 0il will not stay low for long. Stripper wells
in Americe are closine Zown daily, exploitation of the North Sea has had
a significant set-back and oil companies worldwide are stretching out their
exploration and develcopment programmes. At a rough guess, by 1990 America
could once again import as much oil as it produces itself. The low oil
prices will stimulate tne world economy and the law of the marketplace
will operate once again tc force up the price of oil. In the 1990Q's,
therefore further expancion of nuclear power will be seen tc be the right
thing to do even if that Zoes not become apparent before then. Therefore,
in my opinion, although Chernobyl is a vast set-back to nuclear DOwer,
some countries will survive that set-back with their plans undisturbed and
those that cdo change course now as & result of Crernobyl will renew their
interest in nuclear power in the early 1990's which, after all, is not

far away.

What must we do in preparation for that time? What must we‘the nuclear
industry do to win back public confidence? What must we do to persuade the

public that nuglear power is the cleanest, safest form of energy known to

mankind? (That is factuwally correct despite Chernobyl.) . 5{56
We etz ok abant 4T prowss ol QM*\& “41/"

Lof
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A Qurselves to e public with the same dedication and professicnalism that we

normally apply only to our engineering. It will not be satisfactory for the
world to turn back to nuclear power in the 1990s regarding it, in

President Carter's words, as the energy source of last resort. They will then
be accepting it as a necessity despite their fear of it. That simply is not
good enough. We must do better. The public must accept back nuclear power
because they understand it, because they understand that it is not risk free
but because it has the smallest risks of any energy source known to man. Let
me review what we must do and let me review for you how the nuclear industry
has failed in its communication with the public in the past and how that

failure has affected public reaction to the Chernobyl disaster.

I will make my points by way of example. First, we know that the
risks of nuclear power are the risks of radiation and the risks of radiation
are the risks of inducing cancer. We have a well developed science of
radiclogical protection to consider this subject. In my view, it is somewhat
over developed. We describe radiation in terms of curies, becherels, rads,
rems, sieverts, grays and by the milli, micro and pico versions of those units.
I am myself a rads and rems man. I cannot understand the other units and if
I cannot understand them, how can I expect thepublic to do so. How can we
have the arrogance of changing notation and changing notation to inappropriately
sized units in an area where it is vital that we communicate properly with

the public? That is where we as an international community have failed.

Second, even if we do get our nomenclature correct, how are we to
explain the risk to the public that, in the main, finds risks and numerical
assessments difficult to assimilate. This is a subject I have addressed
in previous years and I have recommended that we, the industry, make a
direct analogy between radiation dose and cigarette smoking. The analogy
is very simple. A once-off dose of one rem 1ls eguivalent to regular cigarette
smoking of 1/20 of a cigarette per week, Let us define the smoking of 1/20
of a cigarette per week as a unit of health hazard. Let us express risks
of radiation in those units. There is no good reason why we do not do
that. We have simply not thought it important enough in the past. We

ignore this point at our peril.



Let me give you an example of how this choice of language affects
public percept%on. when the radicactive cloud from Chernobyl drifted across
Scandinavia and the United Kingdom, the reaction of the authorities and the
public in both countries seemed to be broédiy the same. When the public
were told the radiation rate was so many times above background or normal
levels, they thought that was very seriocus. Ten times normal sounds very
bad, although,; of course, we know that that radiation level for a short period
of time is not very serious. When the Government authorities told the British
public that they need take no special safety measures, except not to drink
rainwater, the public were not reassured - they thought it exposed Government
complacency. When experts estimated that the radiation would cause some
tens of extra cancer deaths in the United Kingdom over the next forty years,
the public were terrified. When I commented that the risk was equivalent to
smoking cne or two cigarettes in a lifetime, it sounded so reassuring that
the public concluded it was incorreét. All these statements were correct,
they could all be reconciled one to the other. Collectively in Britain, we

did not do that very well. We must do better in the future.

Let me give you a second example. We are all used to comparing
radiaticon doses to the natural background radiation and we do that partly
because it is convenient, partly because it is proper and partly because we
think the public will find that reassuring. However, to the public, the
phrase "natural background radiation™ is very friendly and not something
to be frightened about because it is "natural”. In contrast to that,
the radiocactivity we produce is "nuclear waste" or "nuclear pollution”. That
sounds very bad. It does not sound "natural” at all and the public find it
difficult to accept that our radioactivity is no different in kind from
natural radicactivity. This contrast is even more important today when the
public distinguishes between natural food, which it regards as healthy, and

processed foods, which it regardé as junk.

We must get over to the public that they live in a radiocactive world,
Everything is radiocactive - their houses are radicactive, their gardens are
radioactive, our bodies are radiocactive, and unless the general public under-
stands that, and understands that instinctively, not just part of an intellectual
exercise, we will always find the acceptance of nuclear power to be very
difficult. 1In my own country, in the United Kingdom, 1 like to point out that
an average Englishman's garden occupies one tenth of an acre and, by_digging
down one metre in that average small garden, we can extract 6 kilograames of
thorium, 2 kilogrammes of uranium and 7 thousand kilogrammes of potassium, all
of which are radicactive. In a sense, all that is radicactive waste, not our

radicactive(®mste, but the residue left over when God created this planet.

- 7 -
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Unless the public understands that they are continually surrounded by that
radicactive material and that they are bathed in radiation from it, then

they will not see the risks of nuclear power in perspective. I must therefore
appeal to all of you at this conference here. today. We talk to curselves too
much and to the general public not very effectively. We must do better and

if we do not do better, we do not deserve to establish nuclear power in its

proper place in the coming éecades.

wWhen the dreadful chemical disaster occurred at Bhophal in India,
the world did not clamour for the closure of all chemical plants, but follow-
ing Cherncbyl, in many countries they are clamouring for the closure of nuclear
plants., The public do see nuclear risks as different, they do see them ¢s more
frightening. That is not actually the case, we all know that the chemical
industry, general industry and coal mining are all more dangerous than
nuclear plants despite Chernobyl, but we communicate with the public so badly,

they do not appreciate that.

If we calculate fatalities in the world's coal industry and the
world's civil nuclear power industry, even if we start the clock on 27 April,
the day of the Chernobyl accident, then already the ccal industry is way
ahead on fatal accidents to mankind. That will remain the case whatever
the long term conseguences of Cherncbyl, but there is no value at all to
our knowing that if the public do not appreciate it. If the public do not
understand the nuclear industry, it is not their fault, it is our fault.

The main lesson we will learn from Cherncbyl is that we need to communicate
with the public more effectively than we have ever done in the past. From
now on, I want to see every nuclear conference with a session entitled
"Communicating with the Public", and let us not talk amongst ourselves
about how to do it, let us actually get cut and communicate with the public
effectively. That is our task for the future. In my opinion, the future of
nuclear power will depend more on that than on any technical factor or

technical improvement we can make, important though those are.

Thus, Chernobyl presents the world's nuclear industry with a set-back,
a challenge and an opportunity. For the first time, the public have a real
interest to understand risk and radiation exposures, Let us do a good Jjob of
putting this accident into a proper perspective of industrial events and let
us trust to the public's common sense to accept nuclear power despite the

trauma and emotion of this sad event. -
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Outline communication

from the Commission to the Council

on the consequences of the Chernobyl accident

I. INTRODUCTION

1. The accident that occurred in the nuclear reactor at Chernobyl has
shown that the operation of nuclear power plants involves responsibilities
of international magnitude., An event that took place more tham 100D km

. from the nearest Member State has had considerable repercussions on a
sizeable proportion of the population of the Community. This demonstrates
more clearly than ever that the Community must involve itself in nuclear

safety and that suitable action must be taken at Community level.

Although it is still too early to be able to evaluate fully all the
consequences of this accident, it is a matter of urgency for the Community-
to sdopt an initial set of internal measures and measures within the
framework of its external relatipons based on the lessons that it can

already learn from that accident,

2. The task of the public authorities is first of all to ensure that,
where industrial~scale installations in general are concerned, adequate
precautions are taken in order to reduce the risk of accidents to &
minimum, in particular the risk of accicdents capable of affecting the
health and safety of the public; secondly, they must take steps to ensure
that, if accidents still do occur = which can never bé entirely ruled

out - proper measures are taken to Limit their consequences as far s

possible. 1In the nuclear field, the probability that major accidents
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will have consequences at international level is high, since
radioactive substances can travel and spread within the atmosphere.
Nuclear safety and radiation protection must hence be considered as
matters of priority for international cooperation at world lLevel,
particularly within the framework of the 1AEA, Prospects for such
cooperation have improved considerably since the Cherncbyl accident,
The Community, for its part, must encourage this development as far

as possible,

3. Action by the IAEA is not, however, sufficient in itself. The
action has to be supplemented by measures at Community level. The
Community has acquired a considerable wealth of experience with and
knowledge of both nuclear safety and radiation protection, in particular

through research conducted in the context of Community programmes.

Even before the Chernobyl accident occurred, the Commission was
proposing that this knowledge be exploited to improve the protection
of workers, of the public and of the environment against jonizing

radiation.

4. In addition to the possibilities for cooperation on a world
and Community level, the Community should also explore channels for

initiatives to be taken in a wider European context.

5. The emotional reaction of the public in Eurocpe and throughout
the world to the Chernobyl accident - which is eloquently reflected
in the numerpus official comments made at the highest level of
responsibility - is evidence of the acute political sensitivity

of the present situation and emphasizes the urgency of the action to
be taken. Such action is all the more necessary in view of the fact
that nuclear power is now an essential component of the Community's
energy balance. It accounts for one-third of electricity production
and makes it possible to save the equivalent of 100 mitlion tonnes
of oil each year. The situation created by the Chernobyl accident

therefore calls for particularly careful and thorough consideration.

6. Meeting in Tokyo only several days after the Chernobyl! accident,

the Heads of State or Government of the seven main industrialized
¢ountries and the representatives of the European Community, after
affirméng that "nuclear energy is and, properly managed, will tontinue

to be an increasingly widely used source of energy™ stated in particular:



"We welcome and encourage the work of the 1AEA in seeking to improve
international cooperation on the safety of nuclear installations, the
handling of nuclear accidents and of their consequences and the provision
of mutual emergency assistance. Moving forward from the relevant JAEA
guidelines, we urge the early elaboration of an international convention
committing the parties to report and exchange information in the event of
nuclear emergencies or accidents. This should be done with the {east

possible delay."

On behalf of his Government, Mr Tindemans, the Belgian Minister for
External Relations, informed Mr Delors, President of the Commission, of
the need to tonsider action in the field of nuclear safety and requested
the Commission to make proposals concerning the definition of objective
safety criteria which would have to be applied to the design of nuclear
power stations. In addition, plans for typical emergencies would have

to be drawn up within the Community and should cover ways and means of
rapid mutual assistance between Member States. furthermore, closer '
cooperation between Member States in relation to measures restricting
intra-Community trade was proving to be necessary. Finally, where the
provision of information was concerned, the Chernobyl accident had brought
to Light serious defic%en:ies which would have to be put right as soon as

possible.

for his part, Mr Kohl, the German federal Chancellor, issued an invitation
to the Heads of State or Government of countries which possess nutlear
power stations or are in the process of constructing them and to the
competent international organizations, suggesting that a conferente be
held for the purpose of examining all measures that should be taken to
ensure that nuclear installations are operated with a maximum of safety
and that actcidental releases of radioactive substances can be prevented.
He also expressed the opinion that improvements in these fields are

possibie and necessary.
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The Irish Government, moreover, has pointed out to the Commission that,
in its view, short- medium- and long-term action should be undertaken with
regard to rapid information on, and autual assistance in the event of, an

accident and that:

- the technological safety standards applicable to nuclear power stations

within the (ommunity should be more closely scrutinized;
- stricter radiation protection standards should be laid down.

Finally, priority should according to the Irish government, be accorded
to setting up a Community inspectorate for nuclear safety and radiation

protection.

At its meeting on 12 May 1986, the Council of Ministers, after confirming
that the Member States had undertaken to communicate to the Commission
uniform data ¢concerning the evolution of radiocactivity within their
territories and the health measures applicable at national level,
requested the Commission to prepare as soon as possible proposals for
supplementing, on the basis of the relevant provisions of the Euraton
Treaty, the basic standards for the protection of public health and to
propose to the {ounctil a procedure for toping with such emergency
situations in the future. On 30 May, the Council of Ministers

reiterated its invitation to the Commission to expand the basic standard

to take account of the dangers inherent in the contamination of products.

At an informal meeting in Brussels held on 12 May 1986, the Ministers

tor Fofeign Affairs requested, in the Light of the abovementioned
communication from Mr Tindemans, the Commission to put forward proposals
relating to the definition of objective safety criteria for nuclear

power stations. It was also agreed that the Commisszion should put forward
proposals for the drawing-up of emergency plans, which, in particular,
would have to enable the Member States to provide mutual aid

rapidly in the event of a serious nuclear accident, They also
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agreed that, withinthe frameuork of the 1ALA, the Twelve should
worTk towards making the Directives concerning the exchange of information

binding, which could be achieved in the form of an international convention,

The Ministers also considered that it would be necessary to determine

whether, at the Vienna {onference on the follow-up to the Conference on
Security and [ooperation in Europe, it would be possible to give greater
substance to the provisions of "basket" 2of the Helsinki Final Act on the

environment.

At its plenary session last May, the European Parlisment passed two
resolutions convering all the concerns arising from the Chernobyl accident
and reguesting, inter alia, that the radioactivity Limit values applicable
to foodstuffs for human consumption be established uniformly by the Member
States at a level which would unguestionably guarantee that such foodstuffs
were harmless to human health and that these limit values would be
applicable both to foodstuffs produced within the Community and to imported
foodstuffs.

Parliament also requested the Member States and the Commission:

- to arrive at a common position with 8 view to negotiating rapidly
international standards which would make it binding to report any

accidents immediately to the IAEA;
= to set up effective inspection systems at international level.
It also requested the Commissiu 20 report on the circumstances of the

accident and on its consequences for public health within the Community

and for the environment in the medium snd long term.
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Finally, 3t called upon the Member States to adopt common standards for
the design, operation and safety of nuclear power stations, the
decommissioning of any obsolete power stations, the transport and disposal
of nuclear waste and the effective supervision of such operations by the

IAEA.
Oon 21 May 1986, the Board of Governors of the IAEA reguested that:

~ a meeting of experts be held in three months to examine in detail the

causes of, and the seouence of events during, the Chernobyl accident;

~ groups of experts be set up

. to transform into international conventions the IAEA guidelines on

rapid information and mutual assistance in the event of accidents;

. to evaluate additional measures to be taken to improve cooperation

in the field of nuciear safety, including the improvement of standards;

- an intergovernmental conference be held in order to study all the problems

that arise in the field of nuclear safety.

In a letter sent on 2 June 1986, Mr Poniatowski, Chairman of the
European Parliament Committee on Energy, Research and Technology,
informed the President of the Commission of the initial conclusions
to be drawn from the Chernobyl accident and from the emergency decate
held by the European Parliament. The questions dealt with are
weighty and varied, The Commission has not yet been able to

examine them thoroughly, but it will do $0 and reply as soon

as possible.



1S. In the light of the above, and in the desire to protect workers, the
public and the environment, the Commission has started discussions
on the action to be taken at Community Level to pursue the !

development of a coherent policy in this fietd.
Such action, which takes account of the lessons learnt from the

Chernobyl accident and the apecific nature of the problems encountered,

will be taken in the following areas according to an appropriate timetable:

A. Health protection

p. Plant safety and operational safety
C. Emergengy procedures

0. International action

€. Research,
Some of the measures deacribed are also intended to make up for
déficiendaa in the information given to the-public. both on a preventive
basis and in the event of a crisis. The need for information is making
itaelf felt not only at national level, but mlac in the European context,
where it ia necessary in particular to ensure consistency.
The Commiasinn will take'Fny other appropriate action, also in the
context of other international organizations, that is likely to

contribute to the provieion of adequate inforaation to the public.
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BASIS FOR COMMON ACTION

In order to tope with the suddenness of the repercussions of the Chernobyl
accident = notably with regard to the functioning of the “common market”,
and above all in the foodstuffs sector - Community action has been based
on the EEC Treaty.

In order to deal with certain aspects of the action to be taken,further use
should be made of the provisions of the EEC Treaty and of the secondary

legislation deriving therefrom to protect the environment and consumers,

- However, examination of the means of Community action should be based,

primarily on the Euratom Treaty.

The Euratom Treaty was concluded by the founding Heads of State who declared
themse(ves:

"Resolved to create the conditions necessary for the development of »
powerful nuclear industry whicth will provide extensive energy resources,
lead to the modernization of technical processes and contribute, through its

many other applications, tg the prosperity of their pecples.”
Article 1 of the Treaty stipulates:

"It shall be the task of the Community to contribute to the raising of the
standard of Living in the Member States and to the development of relations
with the other countries by creating the conditions necessary for the

speedy establishment and growth of nuclear industries,™

In order to enable the Community to accomplish this task, the Treaty lays
down "provisions for the encouragement of progress in the field of nuclear

energy™ (Title Two).
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Among these provisions, particular importance is attached to those
relating to health and safety (Chapter III), on the grounds that they
constitute an essential precondition for the exploitation of this
form of energy, whether on an experimental or economic scale.

From the health and safety angle, the characteristic feature of
nuclear energy is the emission of ionizing radiations. However,
these radiations are also caused by economic and social activities
not connected with the production of energy (e.g., radiology}.
Furthermore, radiation also exists spontaneously in mature.

The environment is subjected - to a2 certain extent -= to ionizing
radiatians: natural radiocactivity (varying from one place to another}
and cosmic radiation. It should be borrme in mind that in normal
operating conditions, the amount of radiation emitted by nuclear
facilities constitutes only a few percent of the average level of
natural background radiation. This is why institutional provisions
relating exclusively to the scientific and industrial exploitation

of nuclear energy have not been laid down 50 much so that Chapter III
of the Euratom Treaty deals with the protection of health against all

forms of ionizing radiations, irrespective of their sources and origins.

Accordingly, this chapter contains all the provisions necessary to
achieve this "Community objective™ which, according to Article 2(b),
is to "establish uniform safety standards to protect the health of

workers and of the general public and ensure that they are applied".

As regards the international aspects of the measures to be taken,

it should be pointed out that Article 2(h) of the Euratom Treaty
stipulates that the Community should establish with other countries
and international organizations such relations as will foster progress
in the peaceful uses of nuclear energy. In addition, an entire

chapter of the Treaty (Chapter X) is devoted to international relations.

Lastly, should the abovementioned provisions prove inadequate,
recourse could be had to Article 203,1 which is the Euratom equivalent
of Article 235 of the EEC Treaty.

1"If action by the Community should prove necessary to attain one of the
objectives of the Community and this Treaty has not provided the necessary
powers, the CLouncil shall, acting unanimpusly on a proposal from the

Commission and after consulting the Assembly, take the appropriate measures."



I11.

21.

2.

23.

- 10 -

ACTION AREAS

Health protection

A thorough assessment must first be made of the extent to which
Chapter 111 of the Euratom Treaty, referred to in point 21 above,
is being implemented. This assessment had already begun, on
request, long before the Chernobyl atcident, in particular within
the Eurgpean Parliament and, on » specific point, by the
Luxembourg government, on 20 February 1986.

It will first of all be necessary to decide whether or not there
is a case for changing the basic standards for protection against
the dangers of radiation, whicth were drawn up in 1959 and have

been revised periodically (most recently in 19B4) to take account

of technical and scientific progress.

Leaving aside this basic question, other provisions of Chapter III

must also be reviewed: .

= the establishment“by the Member States of laws, regulations and
administrative provisions to ensure compliance with the basic

standards and communication to the Commission thereof (Article 33);

- radipactivity-monitoring facilities and communication of datsa

on radipactivity levels (Articles 35 and 36);

-~ procedures for examining plans for the disposal of radioactive
uaste (Article 37).
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. In the light of the events immediately following the Chernobyl
accident, it is clear that the Commission, in consultation with
the Member States, must take the necessary steps to accelerate,
standardize and automate the collection of data on radicactivity
levels (Article 36) and to exploit and publish regularly the

results.

. The Commission will be transmitting a comprehensive communitation |

on the problems of implementing Chapter 111 of the Euratom Treaty |
i and on possible solutions by the end of July 1986,

. Immediately after the accident when radicactivity had been dispersed
in the atmosphere, the Community was faced with the problem of
tontaminated foodstuffs, It was able to take 8 number of
emergency measures with regard to the relevant trade arrangements.
Ho other measures were taken, however, because it proved impossible
to reacth an agreement. These difficulties indicated the need to
establish  “tolerance limits for radicactive n:cr'narnir\.at-ion"2 in acqar-\:e of
any incident, so as to avoid controversy in the event of an erergency. Such Limits
would apply equally to all domestic production and imported products.

The Commission has already gone some way towards drawing up a
I proposal aimed at setting tolerance limits for the radicactive !
| contamination of goods. It will draw upon all of the sctientific 1
I expertise available and will concentrate its efforts on this '
;1 proposal in order to complete it as quickly as possible and to |

t take full account of the Councils' request, the arrangements deriving!
|

t {rom which expire at the end of September 1986.

B. Intrinsic and operating safety of installstions

This expression denotes the permissible upper contamination limit.
The expression "maximum tolerance™ has also been used for this purpose
in certain {ouncil documents., '
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28. From the technological point of view, the safety of an instatlation
.depends on its abitity to eonfine radioactivity adequately,
whether under atcident gonditions or during normat operation; the
Chernoby! atcident has highlighted the problem of safety in nuclear power
stations. Other types of installation and/or operation must slso be

considered, as must packages of radicactive materials: (most of which
ctontain the products used in industrial radicgraphy and radiopharsaceuticals)

and radioactive-waste repositories,

29. The ultimate objective na-regards the intrineic and operating safety
of nuclear installations is to epmsure the protection of man and the
environment.

Thies is achieved, on the one hand, by appropriate measures to confine
the sourcees of radiation and, on the other, by ensuring the integrity
of the containments.

30. Aceording to the basic standards, protection is based on the principle
that all expomurs to lonieing radiations nuit be kept "at a level that
is as lov as reasonably achievable" (ALARA) and alse on the obligation
to limit the individual doses sustained by exposed workers and by the
populltion mnt large.

In practice, exposed workers undergo individual mzd collective monitoring
ap A peans of objectively assuring that the doae limite hlv} not been
excesded, As far as the £enernl public in.concnrntd. individual
monitoring is not possible. (This explaina, in part, why the individual
dose limita for the public are lower than the doae lieits for workers.)

31. In the area of non-nuclear activities and for dangers other than ionizing
radiation, {imits have also been set for exposure of the population and of

the environment to pollutants (concentrations in the air and water),
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However, for the purposes of defining emission standards applicable

to certain types of industry and specific pollutants, the recent
. . 3
directives™ have also placed more stress on use of the concept of

the best available technology not involving excessive costs.

At present there is no compulsory Community standard Llimiting

radioactive emissions into the air and water.

The Commission is looking into the question of whether the emission
standards concept should be applied to nuclear installations, in the
knowledge that in any case the basic standards will remain in force.
It will inform the Council and Parliament of the outcome and submit

proposals, where appropriate.

32. In a nuclear reactor, the fission products generated in the fuel
constitute the principal source of jonizing radiations and these
must be effectively isolated from.the biosphere in all circumstances.
The conditions that have to be satisfied by the various elements
that contribute to this containment (e.g., the fuel cladding and the
primary-circuit envelope) represent the installation safety criteria.
Just as the articles of a directive express the intentions of the
legislator, so too do these criteria set out the specific safety

objectives.

Directive B4/360/EEC on the combating of air pollution from
industrial plants (0J L 188, 16.7.1984}); Directive 76/464/EEC on
pollution caused by certain dangerous substances discharged into
the aguatic environment of the Community (QJ L 129, 1B.5.1976}
and directives derived therefrom (B2/176/EEC; B3/513/EEC;
B4/15S6/EEC; B4/491/EEC).
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for example, mandatory criteria reflect the need for Structures and
components to withstand the effects pf earthquakes. In this example,

one of the criteria relates to determination of the reference
earthquakes (which depend on the location of the installation) to be

used in evaluating the stresses on structures and components,

The application of (that is to say, compliance with) these criteria

4s based on detailed standards whith are to the criteria what implementing
regulations are to Directives. 1In the example given, the design and
construction standards stipulate the caleulation methods and fabrication
methods, The standards used'must be approved by the contracting parties
and the safety authorities. They can be adapted to technological progress.

33. In each State, the criteria and standards constitute a coherent set

of rules. This set of rules varies from one State to another. Such
heterogeneity in a regulatory tontext gives rise to the de facto walling-off
of certain national markets, so that the Community has to take steps both

to approximate the regulations and to achieve the nuclear "common market™,

34. This course of Baction is beset by serious difficulties
arising from the complexity of the problem to be solved, but it cen be

facilitated by two favourable factors.

The first of these is that the safety triteria, even though they are strict
and precise, are essentially of a general nature and in tonsequence lend

themseives to approximation.

The second derives from the fact that the nuclear reactor market tends

to centre on light-water reactors (LWRs), to which may be added in the

long term liquid-metal=-cooled fast reactors (LMFBRs). The light-water
reactors are based on a common design and, although they were developed
independently in certain Member States, the Eurcpean models are closely
related to one another, It should hence not be an impossible task to
approximate the safety criteria for such reactors within the Community
with the ultimate objective of harmonizing them. As regards fest reactors,
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they are being developed in Europe ~ on the basis of one and the
same contept - through close cooperation between the Member
States and firms which are particularly interested. This means that

it should be all the easier to lay down criteria and standards jointly,

35, In view of this situation, the {ommunity should accord priority to
seeking 8 consensus among the Member States concerned with regard to the
harmonization of safety criteria. Such harmonization would facilitate
development of the common market and would at the same time allay public
concern. The consensus thus obtained would be formalized at a later

stage of the action, which is also important in this context. This

course of action in successive stages was adopted in the past in
implementation of the Council Resolution of 22 July 1975 on the technologics
“problems of nuclear safety (0J No € 185, 14.8.1975). 1In that resolution,
the Council, while recognizing the prerogatives and responsibilities

of the competent national authorities in this field:

- recognized that the national authorities themselves, the nuclear energy
producers and the constructors would be able to benefit from a8 harmonized

approach to safety criteria at Community level;

- stressed that the problems of nuclear safety extend beyond the frontiers
not only of Member States, but of the Community as » whole, and that it is
incumbent on the Commission to act as a catalyst for initiatives to be

taken on 3 broader international plane;

- agreed to the tourse of action in stages‘ in respect of the progressive

‘Listing and comparing the safety requirements and criteria applied;

drawing up a balance-sheet of similarities and dissimilarities; .
formulating recommendations pursuant to the second indent of Article 124
of the Euratom Treaty; where appropriste, submitting to the Council the
most suitable draft {ommunity provisions.
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harmonization of national safety criteria.

36. Only some of the actions called for in that resolution have so

far been taken owing to the complexity of the problems. The Commission
expects that the willingness recently shown by the Member States to
increase international cooperation will also extend to achieving

significant progress in the harmonization of safety criteria.

In July 19B6, the {ommission will report to the Council and Parliament
on the status of application of the Council resolution of 22 July 1975,
on the problems involved in the harmonization of safety criteria and

on the actions to be taken.

37. Under the basic Euratom standards, the nuclear industry is already
required to comply with provisions concerning certain preventive
measures designed to reduce accident risks, such as notification of

the characteristics of nuclear facilities and of emergency plans. On
the other hand, there are no existing (ommunity provisions concerning

the prior information of the public.

38. Other industrial activities, particularly those in which certain
particularly dangerous substances are or can be used, are also the
subject of preventive measures designed to Limit the risks of major
accidents (Directive B2/5D1/EEL of 26 June 1982, 0J L 230, 5.8.1982).

These measures require in particular that persons who may be affected
by a major accident shall receive adequate advance information

concerning the action to be taken in the event of such an accident.
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The Commission will examine whether the provisions of the Euratom
basic standards which cover these preventive measures are correctly
applied and sufficient for the protection and information of the
public. It will inform the Council of the results of its activities
before the end of 1986.

39. Some of the information gathered by national authorities concerning
incidents in nuclear power plants is notified - on a voluntary basis -

at international level under the OECD and IAEA Incident Reporting Systems

- IRS). This exchange of information is intended to enable the authorities
responsible for safety to analyse the events which are of the greatest
significance from that standpoint.

In the context of the European Reliability Data System (ERDS), the
Commission (JRC) has created a data bank for the storage and analysis of
information on incidents poccurring in nuclear installations. This bank
is intended to increase collective knowledge of the technological aspects
of anomalies in such plants. The JRC also acts as an operating agent

for the IRS system in the OECD area by storing, processing and analysing
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the system information.

.

The Commission considers that the international exchange and the
joint snalysis of information on incidents in nuclear installations
should be made more effective and that a tompulsory Community
reporting system should be adopted. The Commission will send the
Council & proposal on this matter before the end of 1986.

40. As regards safety in transit, following the accident involving the
freighter Mont Louis the Commission studied all the problems involved
in the transport of dangerous and toxic substances and wastes, inclucing

radioactive materials,

Before the end of 1986, the Commission intends to send the Council &
proposal designed to make the application of the provisions of the
international agreements on the transport of dangerous substances5

obligatory with regard to domestic and international transport.

As regards radipactive materials, which constitute a category of dangerous’
materials, it is planned that they should be subject, for all transport
both within and between Member States, to a uniform set of provisions
based on the JAEA recommendations "Regulation of the transport of

radicactive materials” (Safety collection No 6, 1985 edition).

>

Road - Economic Commission for Europe, ADR Agreement

Rail - Dffice of International Rail Transport, R1D Regulations

Sea -~ Internatipnal Maritime Organization, 1IMDG Code, etc,

Air - International Civil Aviation Organization, Technical Instructions
Inland Waterways - Central Rhine Commission, ADNR Agreement
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41, The Commission alsc intends to examine the possibility of
recommending that the Member States should harmonize certain measures
covering the training and information of staff responsible for the

transport of radioactive materials.

42. As regards the disposal of radiocactive waste, implementation of
the Community plan of action 1980-92) is proceeding satisfactorily,

It covers the following points:

- tontinuous analysis of the situation with a view to the adoption of

the necessary solutions;

- examination at Community level of measures whith could ensure the
long~term or permanent Storage of radicactive waste under optimum

conditions;

- consultation on practices conterning the management of waste, the
quality and properties of conditioned waste and the ctonditions

governing the disposal of waste;

~ the continuity of (ommunity research and development work during the

plan;
=~ the provision of regular_information for the publiec.

Pursuant to this plan of attion, an initial report covering analysis of
the existing situation and the prospects for the management of radicactive
waste in the C(ommunity (COM{83) 262) was sent to the Council in 1983,

It is proposed to send an update of this report, which is currently being

prepared, to the Counci{ before the end of 1986.

43. Furthermore, as is the case with all types of waste, the disposal of
radioactive waste at sea is subject to the provisions of the London
pumping Convention. The Convention prohibits the dumping of certain

dangerous wastes, particularly high-activity wastes, and provides for an
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authorization system to tover the disposal of other wastes., Although
all the Member States, with the exteption of Luxembourg, are parties

to this Convention, the Commission as such is not.

In recent years, the disposal of radipactive waste at sea has given
rise to an extremely heated debate within the framework of the London
fumping Convention and, in practice, this method has not been used for

the Last three years,

As 3t has already pointed out in its Communication to the Council
toncerning new directions in environmental policy (COM(B4)?& fimal,
19.2.19856), the lommission intends to submit proposals before the end
of 19846 with a view to the participation of the Community as such in

the London Sumping Convention,

€. Emergency procedures

44. The Chernopyl accident has demonstrated the need to exchange information

on any radicactive hazards very quickly and, for this purpose, to have
available at all times dats enabling such information to be sent,

received and used. An international Convention will be negotiated and
signed - then ratitied ~ under the aegis of the IAEA. This will oblige
the contracting parties to report snd exchange information in the event of
a radioactive alert or accident. This Convention will drawv upon en IAEA

document entitled: "Guidelines on reportable events, integrated plenning

and information exchange in a transboundary release of radipactive materials®

(INFCIRC/321) which sets put in sufficient detail the measures to be taken

in any given instance.

45. Although many of the countries concerned are anxious that the new
Convention should be tontluded at an early date, the negot1at1ng and above

all ratification procedures will take some time.
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47.
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For rapid action within the Community, an interim system should be

set up. At regional level, the time required for implementation should
be much shorter. Anpother aim of this system would be to guarantee

in each Community country a single source of verified and authenticated
information which would be able to meet the information requirements

of the publit, consumers and the media and thus avoid discrepancies

in both the facts and their interpretation, the effects of which are

always adverse,

A proposal for a regulation on an interim (ommunity system for the

— e e s et

|
| rapid provision of information on nuclear accidents will be sent
: by the Commission to the Council before the end of July 1986.

The Chernobyl accident has also demonstrated the usefulness of

an international system of mutual assistance, although this does not
preclude the possibility of additional bilateral agreements. 4&n
international convention will be negotiated. It will be based on the
TAEA document entitled: “Guidelines for mutual emergency assistance
arrangements in connection with a nuclear accident or radiological
emergency™ (INFCIRC/310 of January 19B4). '

However, these guidelines, in contrast to those on ftapid information
in the event of an accident as referred to in 46 above, do not go into
close detail. The Commission therefore feels that, in this area, the
Community should not merely amticipate the future interpational systen
to be set up, but should be more ambitious and take full advantage
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of the firm links already existing between its Member States. Moreover,
the very sdvanced stage of nuclear development reached within the
Community should enable it to take the lead in the provision of mutual

assistance in emergencies.

49. This is nevertheless a3 complex field in which the national responsibility

certainly cutweighs that of the Community.

The Commission therefore intends to conduct & number of consultations

|

l - -

| before laying a proposal before the Council on the implementation of

: a3 Community system for mutual assistance in emergencies. Consequently
|

this proposal cannot be ready before the end of the year,

- D International action

50. Apart from the activities that can justifiably be carried out in the
Community both because of its purpose and aims, and because of the
speed and effectiveness sought, the appropriate international framework
is provided by the International Atomic Energy Agency (IAEA) which
is in the process of strengthening its cooperative links with other
international bodies concerned by some of the tonsequences of the
Chernoby! accident (WHD, WMO, UNEP and UHSCEAR).6

51. The lLegsl framework for the tooperative and ctonsultative relations
between the Community (Euratom) snd the 1AEA is defined by » general
sgreement {of 1 becember 1975) enabling the Community as such to be
represented within the Agency's sectors of activity other than
safeguards, where specific tooperation is in force.

6Uorld Health Organisastion; World Meteorological Organization; United Nations

Environment Program; United Nations Scientific Committee on Effects of
Atomic Radiations.

e e st
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55.
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where its spheres of influence are directly or indirectly involved,

the Community will have to be a party to the international tonventions,
the negotiation of which has recently been decided upon by the

Board of Governiors of the JAER (see paragraphs 46-51). There is a
major precedent in this area. This is the "International Convention
on the physical protection of nuclear materials™ which was also signed

under the aegis of the IAEA.

Other topics which might be covered by worldwide arrangements in which
the Community and its Member States should be associated, are:
third-party liability in the event of a nuclear accident, the Incident
Reporting System already referred to in paragraph 39 of this
communication, safety criteria and the monitoring of readioactivity,
accompanied by the application of uniform standards governing the

measurement of radiation levels,

Moreover, the {ommunity and its Member States will be involved in the
evaluation of the Chernobyl accident within the IAEA. This work is
of supreme importance. It will help the Commission when it reports
to Parliament on the circumstances surrounding the accident, on its i

repercussions on public health within the Community and on its medium

and long-term e2ffects on the environment,

Finally, the Commission will back Chancellor Kohl's initiative regarding
the holding of an intergovernmental conference on sll matters relating

to nuclear safety.

56

—

The Commission will take all appropriate steps to enable the {ommunity
to take part im international discussions on the basis of common

positions or megotiating briets.
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57. Alongside the possibilities for Community and worldwide
cooperation, the Community must exploit all existing or future

frameworks for bilateral or multilateral cooperation.

E. Research

58. Nearly all the measures that have been identified in the foregoing
depend to a large extent on knowledge and know-how derived from past
and present Community research programmes. Certain specific problems
posed by Chernobyl make it necessary to adapt Community research
programmes in hand. In particular, greater emphasis will have to

be placed on certain research topics (for example, the improvement

of risk evaluation methodologies, the study of major accidents and

of the ways and means of Limiting the conseguences thereof, and the
further development of certain research projects on radiation
protection). The Commission will put forward appropriate proposals
at a later stage; the necessary resources will have to be devoted

to such action.
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MEMORANDUM
To Dr J B Gittus, Director, SRD
Subject
1229 CHERNOBYL INFORMATION FROM THE IAEA

VMr

At the IAEA Technical Committee Meeting on Thermal Reactor Safety Research in
Vienna, 4-6 June 1986, copies of the following papers (which are attached),
were circulated:

1. Address by the representative of the USSR to the Board of Governors of the
IAEA on the first item of the Agenda: "Information about the accident at
Chernobyl, its consequences and measures initiated". (At a meeting held on 22
May 1986.)

2. Speech by Mr Gorbachev -~ handed to the Director General by Ambassador
Khlestov on 3 June 1986. {Translated from Russian, 86-11479.)

There was no official Russian representative at the meeting, and no more
positive information about the accident was available.

R N H McMillan
9 June 1986
Encs

Copies to:

Dr M R
Dr F R Allen
Mr M A

P G Bonell
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Irsnslated from Rusgian 05\2”’ \%

ADDRESS BY THE REPRESENTATIVE OF THE USSR TO THE BOARD OF GOVERNORS OF THE
IAEA ON THE FIRST ITEM OF THE AGENDA: “INFORMATION ABOUT THE ACCIDENT AT
CHERNOBYL', ITS CONSEQUENCES AND MEASURES INITIATED". EM""'Q o 2T MAAY \‘!95]

Mr. Chairman,

First of all I would like to express our desp gratitude to all those
who have shown sympathy and understanding in connection with the events at the
Chernobyl®' nuclear power station. We also highly appreciate the constructive
approach to the accident at the Chernobyl' nuclear power plant adopted by the
IARA and by Dr. Hans Blix, its Director General.

"As we are aware, the rapid progress in sclence and techmnology brings
not only benefits for mankind. Man's exploration of the poles and outer space
and the harnessing of stomic energy must inevitably involve tragic losses. We
have been reminded of this once again by the accident at the Chernobyl'
nuclear power plant, where for the first time we have had to face the

formidable force of nuclear energy when it gets out of control.

In order to make clearer the technical details which I am going to talk
about, it would be useful to recall briefly the main featurss of thas
Chernobyl' reactors.

The branch of nuclear powesr engineering entailing the use of
uranium-graphite channel (pressure-tube) reactors cooled with normal water is
a traditional one in cur country and has & long history. It was indeed this
type of reactor that was used in the world's first demonstration nuclear power
facility set in operation at Obninsk more than 30 ysars ago. The design
principles adopted at that time were retained in the subsequent
experimental-industrial units of the Byeloyarsk nuclear powar plant, the long
and successful operation of which confirmed the viability of the channel-type
design for uranium-graphite reactors and made it possible to move on to the
construction of series-produced reactors of high power.

FAECIUTY

A ———————

The first of the series of RBEMX-1000 reactors was put into operation st
the Leningrad nuclear power station in 1973, hence to date we have had more
than 10 yaars of experience in operating reactors of this type. The RBMK-1000



{uranium-graphite boiling-water high-power reactor) has a thermal capacity of
3200 MW and is cooled by boiling water using & single circuit system; the fuel
is low-enriched ¢~2%) uranium dioxide and the moderator is graphite. The mean
burnup of the fuel is 18 500 MW-d/t, sand the stationsry uranium fuel load is
180 t. The water flow rate through the reactor is 37 500 t/h; the steam
temperature at the turbine inlet is 280°C. and the pressure is 65 atm.

The coolant clrggi} consists of two parallel loops, each of which
contains two drum separators, four circulation pumps, a pipe system (mean
diameter 300 mm; maximum dismeter 900 mm) and 22 distributing group pressure
headers, which feed the reactors' channels. Saturated steam is pumped through
8 steampipes 400 mm in dismeter to two turbines each with an output of 500 MW.

To monitor the power and control the reactor use is made of lateral
ionization chembers, while the system for monitoring the power density
vertically and radislly in the reactor employs neutron detectors mounted in

some of the fusl channels as well as in the channels containing messuring

detectors of the resctor control and protection system. The leaktightness of
the fuel elements is continuously checked by measuring the activity of the

steam-water mixture in the pipes at the inlet to the separators by means of
scintillation gamma detectors.

The control and protection system contains 180 independent sbsorbers
combined into sets with sutounomous detectors.

A feature of this particular reactor is the absence of e thick-walled
high-pressure vessel. The graphite masonry is contained in a thin-walled
leak-tight casing, while the fuel assemblies are located im channels made of &

zirconium alloy which takes the pressurs.

In principle, tbe design of channel reactors is characterized by high
reliability as compered with reactors of the pressure vessel type, in which
the thick-walled high-pressure vessel is one of the most critical elements
from the standpoint of‘lltoty.

In the channel reactor disruption of the integrity of the individual
fuel channels does not in principle present any grave danger. The practice of

replacing the channels has confirmed that this opsration is quite normal in
nature.



The reactor facility possesses an emergency core cooling system, which
includes passive and active subsystems with the necessary redundant
equipment. The system ensures reliable cooling of the reactor in the event of
the maximum design-base accident, which is teken to be an instantaneous

transverse rupture of the pressure header of the main circulation pumps 900 mm
in diameter.

To stop steem and fission products escaping in the event that the pipes
and working channels of the reactor lose their leaktightness, provision is
made for the principal components of the reactor unit to be contained in
hermetically sealed compartments calculated to withstand an excess pressure of
4.5 kglcmz. These compartments serve the same function as the protective
snvelope (containment) of PWR reactors. All releases during design-base
accidents are locslized in these compartments, while the steam condenses in a
special pressurizer relief tank connected to the hermetically sealed
compartment system.

The passive subsystem of the emergency core cooling system contains two
sets of tanks holding 200 n3 of water. This reserve is guarantesd to be
enough to remove the heat from the cors within the first three minutes from
the moment the accident is initiated.

The active subsystem contains five sets of pumps for feeding water to
the core after the water tanks have emptied. 4ll the active subsystem pumps
ars powared by backup diesel generators located on site. The reserves of
water for the active subsystem are sdequate to ensure a supply of water to the
reactor lasting virtually any smount of time.

*a|m It now transpires that the accident developed at the powsr station in

the following manner. At 0123 hours and 40 seconds on 26 April an emergency
occurred in the fourth unit of the Chernobyl' nuclear power station during the
scheduled shutdown of the unit while at a powsr level of seven per cent. The
reactor powsr suddenly increased and there began intensive evaporstion of the
cooling water and considersble formation of steam. The ensuing reaction
between the steam and the zirconium led to the formation of hydrogen, which
then szploded. The explosion caused s fire, and the reactor building together



with the equipment in it, the reactor itself and the core were extensively

damaged, causing the release of fission products beyond the site. During the
accident the chaln reaction ceased.

The fire brigade which arrived soon after succeeded in putting out the

fire at the fourth unit and prevented the roof of the machine room from
catching fire.

The three remaining units were shut down and returned to a sub-critical

state; they are now being cocled. Two persons dled as a direct result of the
explosion, one through burns and the other through injurles suffersd from
collapsing structures.

The release of radioactivity rose to a height of approximately 1 km.

The level of activity in the release was principally determined by short-lived
isotopes. The bulk of it was accounted for by lodine-131 (50%).

In the light of the svents a Commission was set up by the Council of
Ministers of the USSR to take action tc aliminate the consequances of the
accident and to ascertain the causes of it. The Commission consisted of
prominent scientists, administrators and specialists from mainistries and
departments. The Commission was headed by B.E. Shcherbina, Deputy Chairman of
the Council of Ministers of the USSR. Within literally a few hours the
menbars of the Commission were at the scens of the accident. From the very
outset the Commission realized that its main task, after ensuring people's
safety, was to commence amergency work on thea reactor so as to reduce the
release of radioactivity to a minimum. 1In view of the exceptional and
dangerous naturs of the accident, a group headed by N.I. Ryzhkov, Chairman of
the Council of Ministers of the USSR, was set up within the Politburo of the
Central Committee of the CPSU to deal immediately with the prohlem.

In effect, all the work is being conducted on a round-the-clock basis.
The sclentific, technical and economic resources of the entire country have
been brought into action. Operating in the aresa of the accident are
organizations belonging to many of the union ministries and agencies under the
supervision of ministers, prominent scientists end specialists, units of the
Soviet army and departments of the Ministry of Internal Affairs.
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_;=E§;> It i1z too early yet to draw final conclusions about the ceauses of the
accident. All aspects of the matter ~ design, technology and operation - are
being closely scrutinized by the Government Commission. When the
investigation into the causes of the accident has been completed, all the
necessary conclusions will be drawn and measures will be taken to prevent

anything of the sort ever happening again.

The main ainm of the smergency operations was, first, to alnimize the

release of fission produ;tl from the reactor and, second, to cool the core of
the shutdown reactor, in which heat had been released for a considerable time
on account of the radioactivity of the fission products. To desl with the
first problem a protective covering of send, clay, boron, dolomite, limestone
and lead wes placed over the core with the ald of helicoptera. The top of the
reactor was covered with & layer of more than 4000 tons of this protective
material. By 13 May the resctor had to all intents and purposes stopped
releasing fission products into the etmosphere. In view of the fact that the
bulk of the fuel was inside the reactor, there was fear of the core melting on
account of the residusl heat referred to sbove. It can now be said that this
problem heas been overcome. The core temperaturs dropped first to 300-&00°c.
and then to 2oo-zso°c. This was made possible, among other things, by
intensive cooling of the bottom of the reactor with nitrogen which at the sama
time ensured an inert atmosphere there,

When the main problems of the first stage (cessation of the fission
product release and drop in temperature) had been dealt with, attention was

focused on decontaminating the territory and constructing a concrete

containment (sarcophagus) for final burial of the reactor. 7To guarantee the
insulation of the ground below the reactor floor, work is in progress to
insert additional concrete protection beneath the reactor - under the
foundations on which it stands.

A tunnel is being made under the resctor and will be used to construct
underground what is in effect a concrete cooler in the sense that there will
be radiators with a suitable cooling system mounted into tbe concrate.




The power station precinct has been banked up and protective

adaptations have been msde to prevent any rain from washing the radiosctive
substances present on the site itself into the river.

The power station precinct and surrounding areas are undergoing
decontamination. Various methods are being used for this purpose, including
polymer matorials. When these are applied to a surface or to the ground they
form a film which binds the radicactive substances and prevents them from
being washed away; later on this film can be removed and destroyed. Several
million square meters of contaminated land have already been treated in this

way. The most difficult part of the work atill ahead is that on the collapsed
structures and rubble.

In worldwide practice, such difficult technical and engineering
problems as those which are successfully being solved by the Soviet scientists
and specialists at the Chernobyl' nuclear power station have never before been
encountered. The experience gained will be of great value.

At units 1, 2 and 3 which have been shut down, a permanent watch is

being kept by specialists numbering about 150 altogether. Units 1 and 2 could

be put back into operation at any tims.
Aecr- i1t

In the situation that followed the accident, the necessary measures
were taken for the proper protection of the population. HMass evacuation was
carried out on 27 April, women and children being evacuated first. The
inhabitants of the power station settlement were evacusted within s few hours,
and then, when it became clear that there was a potential hatard to the health
of people in the surrounding ares, they also were moved into safe areas.
Several 10 000 people were evacuasted from Chernobyl*' and other places within
the 30 Im zone. Potassium iodide tablets were administered as a prophylactic
measure. All this work required a maximum of rapid, organized snd efficient
action. The radiation levels in the power station zone and the adjacent
areas, although appreciably reduced, still remain hazardous to human health.

At the time of the accident, as has already besen said, two men were
killed. So far, 299 people have besn hospitalized - diagnosed as having
radiation sickness of varying degrees. Fifteen of these have died, and 35 who



received high doses of radiation remain in c¢ritical condition. The fire
brigade personnel suffered most heavily. Nineteen bone-marrow transplants
were carried out. In order to give all possible help, the best sclentific and
moedical people in the country and specialized hospitals in Moscow and other
cities were called on teo sssist, PForeign medical experts have been helping
alongside the Soviet doctors. The patients who have received doses hazsardous
to their health do not include any inhebitants of the nearby villages,
although they were all thoroughly examined.

MEdsutenionn

“I! the area surrounding the sccident zone, the radiation level resched
values of 10-15 milliroentgen per hour. By now the radiation levels have
declined sharply. The value measured at e meteorological station located

60 km from the nuclesr power station was 0.17 milliroentgen per hour on

20 May. Meagurements carried out at meteorclogical stetions along the western
frontier of the Soviet Unlon show that the radistion levels are within normal
limits. Isotopic analysis of the composition of the radiocactive fallout is
beaing performed. Samples from the accident ares contain barium,
lanthanum-140, ruthenium-103, caeslum-137, lodine-132, tellurium-132,
strontium-89, strontium-90, and yttrium-91. As has already been polnted out,
most of the fallout is accounted for by short-lived elements.

Surveys of the radioactivity level in the water reservoir in the Kiev

reglon, which are cerried out regularly, show that it has remained normal and
does not pose a health hazard.

The weather services are keeping the radiological situation in the
soil, water and atmosphere under constant observation.

The current situstion on the territory of the USSR is as follows:
outside the 30 km zone around the Chernobyl’ nuﬁlonr power station, the main
radlological factors affecting the population of the Ukreinian, Byslorussian
and Moldavian Boviet Socialist Republics and of the various districts of the
Russian Soviet Federal Soclalist Republic whose territories have recelved
radiocactive fallout, are external gamma-irradiation and the ingestion of

jodine-131 with food products, but in quantities that do not constitute a risk
to the population.



Various lots of milk with an lodine-131 content in excess of these

norme have been passed on for procesasing into products which can be stored for
one or two monthsg,

As cegards vegetables, frult and cereals to be harvested in the mid-
sumner and sutumn, there are no grounds for supposing that they will be found
to be contaminated with radioactive lodine-131.

Dally reports on the radiological situation around Chernobyl' and along
the western frontliers of the Soviet Unlon are belng sent to the IAEA.

A certain amount of activity was carried beyond the frontiers of the
USSR in north-westerly, westerly and, later, south-westerly directions.

In a number of Buropean countries, influenced by the sometimes false
and usually tendentious masg medie reports concerning the scale of the
accident at the Chernobyl' nuclear power station, ths population showed grest
anxiety with regard to possible effects of the accident on thelr health and on
the environment. In this connection it is worth recalling the conclusions and
recommendations of a speclal experts’' meeting convened by the WHO Regional
Office for Europe at the instance of the Director Genseral of WMO, and the
official reports by a number of national services, including some published by
the IAEA, which bear witness to the fact that the radicactivity level in those
countries did not conatitute a health hazard to the population.

A serious situation wes produced by the accident. It was neceisary to
evaluate it quickly and competently, and as soon as relliable initial
information had been obtailned, it was sent through diplomatic channels to the
governments of foreign countries and to the IARA. The IARA Secretariat and
the USSR Mission maintained constant lisison with regard to guestions relating
to the accident. The Soviet side sxpressed its williangness to co—operate with
the Agency in all matters of interest to the IAEA. Information about thes
accident was published in the Agency's press releases. In addition, the
Soviet Government invited the IARA Director General, Mr. Hans Blix, to come to
the Soviet Union and to ses for himself the situation following the accidant
at the Chernobyl' nuclear power station and to discuss ways of increasing the
safety of nuclear powsr by broader international co-operation and an
enhancemant of the IARA's role in this area.



...

During their stay in the USSE, Mr. Blix and the IAEA officials
accompanying him, Mr. L. Konstantinov and Mr. M. Rosen, had meetings with the
Deputy Chairman of the Council of Ministers and Chairman of the Government
Commission, Mr. Boris E. Shcherbina, and with ministers, responsible officials
and experts, and alsgo visited the area of the Chernobyl' nuclear powsr
station, where they received additional information about the situation on the
site and the measures taken to eliminate the consequences of the accident.
During this visit it was agreed that the radiological situation near
Chernobyl®' and on the western frontiers of the Soviet Union would be reported

to the IAEA each day for transmission by the Agency to the respective national
bodies dealing with radiation safety.

Pursuant to thisz agresment, the USSR commenced regular transmissions of
data on 9 May 1986.

The information iz transmitted daily by telex and includes data from
seven different meteorological stations. The first of these, Oster, is
located 60 km from Chernobyl'. The six other stations lie along the western
boundary of the USSE. They include Leningrad, Riga and Vilnyus in the Baltic
region, Brest {(on the Polish border, 52° northern latitude), and two
stations - at Rakhov and Kishinev — further south near the Hungarian and
Romanian borders. Thug, practically all sections of the USSR's western
boundary across which radioactive substances could be carried into the
territory of neighbouring Buropean States are covered.

The daily reports include the following data as agreed with the IAEA:

1. Radiation dose rate (in milliroentgen per hour);
2. Alr temperature (°C);

3. Dew point (°C);
4, Wind direction;
5. Wind speed (m/s);

6. Nature of atmospheric precipitation.
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Data on the natural background levels were alsoc officially reported to
the IARA 50 that they could be taken into account in anelysing the daily
reports on the radiological situation.

During the period which has elapsed since the beginning of regular data
transmissions to the IARA, the radiclogicel situation near the nuclear power
station has gradually improved. Acecording to data from the station at Oster,
the dose rate characterizing the radiocactivity level has fallen from

0.33-0.36 millircentgen per hour to 0.17 as recorded yesterday.

In the north-western areas along the USSR's frontier no significant
incresses in the radicactivity level above natural background values have been
recorded. The dose rate values measured there are mostly st background
level: 0.01 millirocentgen per hour.

In the west, in the region of Brest, the situation is approaching
normal as well. Yesterday the dose rate there was also at the normal
background level. Some increase over the natural background has remsined
until recently in the south-western regions (Rakhov 0.025, Kishinev
0.03-0.04 milliroentgen per hour), apparantly because of the atmospherie
situation, with weak winds and no precipitation.

On the whole, the radiological and meteorological dats sent to the IAEA
make it possible to a significant extent to svaluste and forecast the
radiological situstion for most of Central and Western Europe. The WHO also
has expressed an interest in receiving these dats. As of 15 May 1986, the

Soviet Union has been sending duplicates of the information described abeove to
WHO.
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Madam Chairman,

I have gliven the Board of Governors a brief preliminary report on the
accident at the Chernobyl' nuclear power station, its consequences and the
measures for dealing with them. As stated in the communiqué on the results of
the Director General's visit to the USSR, the Soviet side has expressed its
willingness to provide, as it becomes avallable, information about the
accident for discussion at an experts' meeting on nuclear safety; this will
assist IAERA Member States in learning from the experience gained with o view
to further improving the safety of nuclear power.

Our proposals on this question, as formulated in the statement by the
General Secretary of the Central Committee of the Communist Party of the
Soviet Union, Mr. Gorbachev, will be presented by my delegation when we
discuss the next item on the Agenda.



86-11479
Translated from Russlan

SPEECH BY Mr. GORBACHEY

handed to the Director General by Ambassador Khlestov
on 3 June 1986

In my television speech on 14 May I discussed the main conclusions
which we believe must be drawn from the Chernobyl' accident. Today I should
like to share with you some further thoughts on this subject.

It is quite clesr that, on a practical level, we mugt, without delay,

embark on the establishment of en international regime of safe nuclear power

development. Such a regime would be aimed at reducing to an absolute minimum
the pesslbllity of peaceful gtoms ceusing harm to people. Ensuring reliasble
and safe nuclear power development must become a universal international
obligation of all States severally snd collectively.

First steps in thie direction - some involving the JAEA — have already
been taken. Various States are putting forward suggestions and proposals
which we are studying carefully.

I should like to stress right away that we do not claim to have ready
solutions. World-wide, a total of 152 nuclear power plant emergencies
involving the release of radlioactivity have occurred so far. Thus, a number
of States already have experience in this fleld on the basis of which we can
and must develop an international nuclear safety regime.

Of course, the first thing that is required is a system of operational
notification in the case of accidents and malfunctions at nuclear power plants
when they are accompanied by the release of radiocactivity. A gquestion which
1s related to such a notification system is thet of obtaining data on possible
fluctuations in natural background radicactivity levels.

Many Etates do not have the msans and resources to deal with an
_any States co not ha

emergency on their own. That is why we think an important component of an
international regime of safe nuclear power development must be a well-designed
international mechanism for the swift provision of mutual assistance when
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dangerous situations srise. Such s mechanism might alsc involve the IAEA and
the World Health Organization (WHO). States on whose territory an accident
has occurred should be assisted by other States in the elimination of the

accident consequences 1f they request such assistance.

Another question which must be considered iz that of the forn_lg_
international law which an agreement relating to a notification system and
assistance mechanism might take. One idea is that the obligations of States
in this respect could be laid down in a special international coanvention or

conventions. The Soviet side is now considering all these questions and

preparing proposals on this matter, taking into account the suggestions of
other States.

Several States which agree witb this solution to the problsm have
proposed that even before such a convention is concluded, in June this year, a
decision should be taken to establish as soon as possible, within the
framework of the IAEA, a system of notification in the event of nuclaar

accidents. Well, why not, the sooner we can take the appropriate measures,
iibbishda.

sven 1f they are only preliminary and provisional, the better.

At the same time, the main task, in our view, is to take precautions to

prevent an accident from happening. 7This purpose would be served if
information on the ceuses of the accident could be provided to the IARA within
the tightest possible time limits. Such information would be studied by the
appropriate sxperts with a view to helping IAEA Member States to benefit from
the sxperience galned so as to increase further the safety of nuclear power,

It will be necessary, howsver, to go further - to elaborate within the
IAFA recommendations on nuclear powsr plant safety questions and to strengthen
gational and, where appropriate, international werification of compliance with
atic h Liance wit
them in all States. It might alsoc he possibla to organize, under the auspices
of the IAEA, some form of co-operation between the leading countries in
guclear power on the development of a new ;onofntlon of economic and reliable
reactors with enhanced operational safety as compared with existing reactors.

e et

It should alsc be borne in mind that sufficient attention has not been
glven at the international level to the question of material, moral and
peychological damage in the event of accidents at nuclear power plants and



other nuclear installations. We believe that this matter should be set to
rights end that attempts at using nuclesr accidents to heighten tension and
mistrust in relations between States should be prevented.

I consider, moreover, that the problem of standardizing the permissible

levels of radiation in force in the various countries deserves attention in
many respects.

Nor should we neglect such aspects of nuclear security as the

prevention of nuclear terrorism. The fact that damage has intentionally been

Caused to installations of the nuclear industry in the West must of necessity
give rise to concern. For example, between 1974 and 1984 thirty-two such
cases were recorded in the United States. Between 1966 and 1977, ten attacks
were carried out against different nuclear installations in Rurope. The

insufficiency of measures to prevent the misappropriation of highly enriched
fissionable material is also attracting attention. This is not by any means
an exhaustive list of the opportunities open to terrorists. 1In the light of
all this, it has become apparent that there is a need to develop a reliable
system of measures to prevent nuclear terrorism in all its menifestations.

In order to set up an international regime of safe nuclear power
development, use could be made of what is already available for the purpose in
the framework of various international organizations, such as the IAEA, the
World Health Organization, UNEP, the World Meteorological Qrganization and
algo the United Nations. All thess aspects need to be placed on a firm
foundatjion of broad international co-operation.

Clearly, the chief link in such a system will be the IAEA. The role
and cn£:£illtlos of the Agency should therefore be sxpanded. For this, an
increase in its financial and material resources will obviously be necessary.
The problem could be solved, for exsmple, by the assignment to specilal
purposes of mandatory contributions from interested Agency Member Etates.
Consideration should also be given to the establishmant within the IAEA of a
!gocltl fund for the provision of emergency sssistance to countries requiring
it in the event of a nuclear accident.

—

I have already stated on 14 May that, in order for this whole group of
questions to be discussed, a high-level special international conference
should be held in Vienna under the auspices of the IAERA.



I should now like to inform you of the practical measures which we
intend to take to improve the work of the USSR State Committee on the
Monitoring of the Safe Operation of Nuclear Power, which was set up a few
Years ago. We intend to intensify its links with the relevant international
organizations and also with the corresponding national bodies with a view to

oxchanging experience on the monitoring of safe anuclear power development.

I should also like to say that we are carrying out a comprehensive

analysis of the state of nuclear power and that additional measures to enhance

the safety of nuclear power plant operation are being dovolopod'lnd will be
implemented, with account being taken of the conclusions derived from the

accident at the Chernobyl®' nuclear power plant.

Let me emphasize once again that the lessons to be learned from this
accident should serve mankind as a whole. What happened at Chernobyl' has
been an ominous reminder of the awesome forces that the energy of the atom can
command. If an accident at a peaceful nuclear power plant can turn into a
disaster we need only imagine the tragic consequences for the whole of mankind
that would attend the use of nuclear weapons - existing, as they do,
specifically for purposes of destruction and annihilation.

The space age, the nuclear era, required fresh political reflection and
new policies on the part of the leaders of all countries of the world. These
very demanding objectives are heing met by the programme which we have put
forward for the total abolition of nuclear weapons and for the ssteblishment

)f a comprehensive system of {nternational safety and security.

From the moment at which nuclear weapons first arrived on the scene,
the best minds have been pondering bow to drive the nuclaar demon back.
Meanwhile, however, the nuclear arms race hag bhecome morse intensive. Sco whers
is the key, the missing link with which the nuclear problem can be solved? A
first practical step towards nuclear disarmament could be the cessation of
nuclear tests. We attach particular impertance to this measure because, at
the same time as heing highly effective, it is simple to carry out in
practice. All that is required is that nuclear tests should not be conducted
- subject to verification, of course. Such a measure must finally become a
raality of international lifa.



Having extended its unilateral moratorium on nuclear explosions, the
Soviet Union has refrained from carrying them out for the best part of a
year. We believe that this long pericd of time should be mora than enough for
the Americans to weigh up all sspects of the matter and to meet us balf-way so
that nuclear testing can be stopped on & bilateral basis.

In view of the urgency of putting an end to nuclear tests, I have again
confirmed my proposal to President Reagan that we should meest without delay
and agree to ban nuclear tests.

Both these tasks - ensuring the safety of the peaceful use of atomic
energy and freeing our planet of nuclear weapons - require broad international
~o-operation and the united efforts of all States, in particular the nuclear
Statexz, international organizations and elements of society which are
interested in establishing a comprehensive and relisble international system
of safety and security. This is & task for all States collactively and
individually. We call upon you to meke your contribution to this important
cause on which the future of human civilization depends.



NOTE TO THE FILE

At his request Ambassador Khlestov was received by the Director
General on 3 June 1986. The Ambassador, who was accompanied by
Messrs Belov and Rogov, transmitted the enclosed personal message
from the Secretary-General of the CPSU, Mr. Mikhail Gorbachov. An
igentical message had been addressed to the Secretary-General of the
United Nations, the Presideut of the USA and the Director General of

UNEP.
<

Ambassador Khlestov pointed out that the message not only confirmed
the support of the Soviet Union for a number of measures which were endorsed
by the extraordinary session of the Board, such as internaticnal
conventions on an early warning system and on emergency assistance,
8 post-accident analysis and an expanded nuclear safety programme in
the IAEA.

The message also suggests a number of other measures as well as

the discussion of other problem areas:

- Minimum safety standards and possible international control

thereof;

- International co-operation for the development of new types

of inherently safe reactors;

- International unified standards for permitted radiation
levels;
- Physical protection of nuclear material and installations

against terrorism;
- A special fund for emergency assistance.

Ambassader Khlestov underlined that the IAEA must be the focal
point of all these international co-operative efforts. He also
repeated the strong support from the USSR for the convening of an
international conference on nuclear safety policy. In this context
the USSR would prefer a specizlly convoked conference or an
Extraordinary Session of the General Conference. It was felt that
an ordinary but extended General Conference would have too little

visibility as a response to worldwide public concern.

W“———[
J. Jllnder

1986-06-04



Safety and Reliability Directorate o

Wigshaw Lane
Culcheth
Warrington WA3 4NE

Telex 629301
Telephone Warrington (0925) 31244
Extension

6 June 1986

Mr P Agrell
Department of Energy
Thames House South
Millbank

London

Dear Peter
CHERNOBYL; A FURTHER SET OF QUESTIONS

Thank you for your letter of 3 June containing responses which you
had obtained from your own sources to guestiona which I had given
to Tony Daniels prior to his recent vieit. I have now discussed
thie matter with several colleagues using Mr Fisher's note as my
source of information and we have come up with the following,
rather extensive, list of gquestione which we would appreciate you
putting to whatever source you have available. I realise that
many of these questions may be difficult, if not impossible, to
answer at this time but the shape of the entire questions would
tell any technicel respondent some of the basic thinking we have
been doing on the nature of the accident. I will try to indicate
which questions I suspect may be difficult to anawer.

Queastiona on the Reactor System

1. Were the Nitrogen inerting systems operating at the time of
the accident? 1In particular, we are interested in the Nitrogen
blanketing outside the core region, not the Helium\Nitrogen
mixture which is used in the graphite volume itself.

2. Would the region between the upper shield and the pile cap
normally have been inerted? As a corollary, and following from
gquestion one, if it is normally inerted was it indeed inerted at
the time of the accident?

3. What is the design coolant preesure when the reactor is at 7%
power? This is a straightforward factual question, we have just

not been able to extract from our information, thia particular
riece of data.

United Kingdom
Atomic Energy Authonty



4. Was the coolant flow rate the same as dquring normal full-power
operation or reduced for low power operation?

5. 1Is i€ possible to know what instruments were available to
measure core temperatures and reeactivity? We are particularly
concerned about the details of the Chernobyl reactor in particular
because it ie possible that changes were made from the original
Leningrad and Solensk designa which could be very important in
trying to determine the level of information from readings which
may have been available. A corollary of this is whether the
ingtruments were actually available at the time of the accident
rather than as a matter of design intent.

Quesations on Initiating Events

1. We are told that the reactor went to 50% over power. Was the
reactivity transient localised or widespread? For example, does

the 50% refer to the overall core power, during which the entire

core suffered a reactivity insertion, or does it correspond to a

50% increase in total power localised in a few channels.

2. What was the cause of the transient? This, of course, 1s the
crucial question and may be the one which we will have most
difficulty providing the answers to.

3. The unauthorised experiments which have now been reported in
the Observer involve control rod movement. This was reported in
the newspaper but has not been confirmed in the information which
you managed to get for us last time.

4. We are told that the refuelling machine fell into the reactor
core. Is there any way of being able to establish whether this
was because the supporting structure failed or whether it was
displaced by a steam or hydrogen explosion in the internal volume
with the refuelling machine itself?

5. My previous question concerning the availability of AC power
was not anawered. It is important to know if and when AC power
was lost.

6. We are told that operations were in action on the pile cap at
the time of the accident. Is there any possiblility of knowing
what these operations were? Were they connected with these
unauthorised experiments or something else?

-Questions Concerning Immediate Consequences of the Accident

1. Did the pumped emergency core cooling system to pipes below
the core operate? This depends on the availability of AC power.

2. Was éooling maintained in any fuel channels after the
explosions?

3. What was the condition of the pile cap following these
explosions? Had 1t collapsed onto the core, was the graphite

moderator exposed? These may be very difficult questions to
answer. _



4. Did the initial explosions eject either fuel elements or
control rods or any other radicactive material from the core at
that time?

5. Did the safety relief valves on the pressure circuit 1ift, and
if so when?

6. Related to the above. Was there, at any stage in the
accident, a blow down to the pressure suppression pools?

7. Photographs that we have of the turbine hall roof show that
the damage could have been caused by fire or by masonry falling on
it from the reactor hall. 1Is there any possible means of telling
which (or even both} of these mechanisms was responaible for the
damage?

8. VWe are told that the walls of the reactor containment are
intact, is 1t possible to know whether the walls of the steam drum
cells were breached by the event? This is to try and establish
whether hydrogen could have built up, not only in the reactor hall
itself, or in the above core structure but in the cells containing
the primary circuit pipework and that this was the locality of the
hydrogen explosion.

9. Is the design requirement for the electrical circuits to be
fire resistant? Do their regulations require segregation of
emergency safeguards equipment control systems?

Questions on Subsequent Events

1. Our calculations would indicate that at some point, possibly
after a week or more, heat would have to be removed from the core
following the initial events, even with the nuclear chain reactor
shut down. How was core cooling established following the initial
events? Reports of cooling with Nitrogen gas would require the
injection of the order of tons per minute in order to provide
cooling. This would seem to be a very stringent requirement. If
Nitrogen was used, where was the hot Nitrogen being rejected to
since the top of the reactor core had been covered by the
sand\boron\lead\limestone mixture?

2. We are told that falling core temperatures were measured some
2 weeks into the accident, is there any way of knowing where
abouts in the core such temperature variations were measured?

%. 18 the cooling system, which we are told is being installed,
being put there to arrest melting of the building foundations, ie.
to stop the core melting through the concrete basemat, or to
relieve the heat burden on the system being used to freeze the
groundwater? We really want to know whether they are trying to
guard against a future "China Syndrome" or not.

4. Was the water which was drained from the suppression pools
active? This 18 related to the earlier question on whether there
was blowdown into the suppression pools. If there was no blowdown
and it was active, then it would mean that core debris must have
penetrated the reactor cavity concrete floor.



5. Did the operations to smother the pile cap divert gas flows
from the core through the suppression pools? By piling on sand
and other materials they have clearly blocked off a normal cooling
route and if the material had been diverted through the
suppression pools then considerable mitigation of the possible
fission product release might have been expected later in the
accident sequence.

Questions Concerning the Present Condition of the Plant

1. Are current measurements available of:

a. Core temperatures

b. Temperature\radiation levels in the suppression pool area
beneath the reactor

2. I8 there any way of knowing the present location of most of
the fuel debris? I suspect that the Russians will not know the
answer of this question, either now or even in the next months or
even years.

3. Is there any evidence at all which would indicate that the
fuel debris 18 s8%ill in a molten state? This evidence would be
either measured temperatures or some hint that radicactivity is
8till being vglatalised out of the core.

o

4. Related to the question above concerning the suppression pool,
is there any evidence that the fuel debris has actually penetrated
the floor of the reactor vault?

5. Is there any evidence that non-condensible gases such as
carbon monoxide or carbon dioxide are seeping from the reactor
cavity? These gases are produced by core debris\concrete attack
and would indicate that the core debris has reached the concrete

floor of the reactor cavity and could be gradually melting its way
into it.

6. A%t this particular location, how far beneath the reactor
basemat is the water table?

7. Do we have any indication as to the nature of the ground

beneath the reactor, ie. the soil type, thickness, rock type,
thickness, etc?

8. 1Is there any indication that there has been structural
collapse in the reactor vessel\core region? Any recent collapse
would indicate that core debris has penetrated to, and attacked,

supports for the reactor cavity and perhaps even the foundations
of the reactor.



I realise that this is an extensive list of questlions, some are
more detailed than others and some indeed are only put in toc make
a complete set because the likelihood of getting an anawer is low.

Yours sincerely

——

M R Hayna

ce Dr J H Glttus v
Dr G I W Llewelyn
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‘Safety and Reliability Directorate 6-G

Wigshaw Lane
Culcheth
Warrnington WA3 4NE

Telex 629301
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Extension

5 June 1986

Sir Peter Hirsch
Isaac Wolfson Professor of Metallurgy
University of Oxford

Parks Road

Oxford
Dear Sir-Pster

0X1 3PH

Pleagse find enclcsed the briefing material which I promised you to
provide background to your lecture which you will be giving in
Liverpool next week. The briefing material consists mainly of
relatively brief summaries of what we know or can summise about
what caused the accident, how the accident progressed and the
nature of the consequences of the dispersed radiocactivity. This
information has been gleaned from a large number of sources, some
of these are more trustworthy than others and it is aelmost
impossible to provide, in a simple way, a methcd for separating
the wheat from the chaff. I must emphasise that we are still in a
state of speculation concerning the precise nature of the causes
of the accident and some aspects of the mitigating measures taken
by the Russians during its course. We are resisting the
temptation to make early statements concerning our view of what
happened. Having looked at this material in detail the only point
of which I have some concern is the statement (which I have left
in the briefing material) which says that we believe that some,
possibly unauthorised, experiments were going on at the time of
the accident. I have left this in but I am unsure at to its
status. I am concerned that this information is not generally
available and I would please ask you to treat its further
dispersion with caution.?

We are currently looking to the promised international conference
at which the Russians will give the West all the information that
they have on the accident and its sequence, or so they claim, as a
milestone which we must pass before we can give any sort of
definitive interpretation of the events that led up to the
accident. This is a line being taken increasingly by several
countries and provides a reasonable response if people press for
details which we just do not have available at this time.

t Dlave ray eokiblisted Ped iy oo el He 06sarer !
S0 nud(p‘r * wonndiine | K
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I hope this material is of use to you and that your lecture goes
well.

Yours sincerely

Ui

M R Hayns

Head, Nuclear Safety
Technolgy Branch and
Overseas Relations

cec Dr J H Gittus, SRU’//



1. What is the Collective Dose to the UK from Chernobyl?

As a result of exposure in the first year after the accident, the
collective dose to the UK will be a few thousand manSv. As a
result of exposure in the 50 yeari following the accident, the
total collective dose will be~ 10" manSv. This means that,
assuming a linear dose—riak re}ationship for cancer fatalities
with a risk factor of 107 v—!, as a result of Chernobyl, we
might expect ~ 100 cancers in the UK over the next 50 years or so.
This is not entirely consistent with the figure of a few tens of
cancers suggested by John Dunster of the NRPB sﬁortly after the
accident occurred. However, the figure of ~ 107 manSv has been
agreed with the NRPB and they are aware of the point. '

2. How does the UK Collective Dose from Chernobyl Compare with
that from Background?

The average dose rate from background is~?2 g 10=3 sv yr'1, This
results in an annual collective dose of ~ 107 manSv in the UK,
which may be compared with the few thousand manSv in the first
year from Chernobyl. Equa%ly well, the 50 year collective dose
from background is~5 x 10° manSv, which may be compared with 104
manSv from Chernobyl. Either way, the background dose is
slgnificantly greater.

3. How doea the UK Collective Dose from Chernobyl Compare with
that from Weapons Testing?

Currently, the dose rate from weapons testing ig~10"2 Sv yr".
This results in an annual collective dose to the UK of~ 500 mandv.
If it is assumed that this dose rate applies for 50 yr (it was
greater ten years ago and will be less in Xeara to come), the 50
¥yr collective doge to the UK 13 ~ 2.5 x 107 manSv. On the basisas
of these figures, it can be seen that the effect of Chernobyl is
roughly comparable to that from weapons fallout.

4. How do the Risks from Chernobyl Compare with that from
Smoking?

According to Sir Walter Marshall et al (AERE R10532 - "Big Nuclear
Accidents"), "if a p?raon is exposed continuously to radiation at
a level of 4 rem yr™' from birth, it is equivalent to a compulsory
cigarette smoking pattern which builds up from zero at the age of
10 to approximately 2d per week at age 40", It is not easy to put
Chernobyl in this context, since the dose rate from the accident
will not remain constant in succeeding years. However, according
to the RRPB (Fry et al, letter to Nature, vol 321, May 1986), the
estimated dose in the first year following the accident to a one
year old child is 50.«8v in the south of the UK and 900.4Sv in the
north. If we take the upper figure (90Q.«Sv 0.09 rem)} and very
congervatively assume that the same dose is received in subsequent
years, then the parameter 4 from Marshall et all becomes 0.09, and
the number of cigareties per week at age 40 is~0.2. Based on
this, the risks from Chernobyl are minute in comparison with the
risks from smoking. We have to re-emphasise that these figures
are very rough indeed; the cigarette smoking analogy is
?articularly difficult to use in comparison with an accidental

ie. one-off) release.
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THE CHERNOBYL ACCIDENT

1 The Reactor

The reactor is sited 70 miles north of Kiev and 400 miles
south-~west of Moscow.

The reactor is a light water cooled, graphite moderated
pressure tube type generating 1000MW(e).

The reactor and primary pipework are contained in a modular
concrete contailnment with design pressure of lUbars. The operating
floor and refuelling machine are in a lightweight steel and con-
crete building.

2 Probable acoident sequence

The accident occured at 1.23am on Saturday 26 April when the
reactor was in a hot shutdown state at 7% power.

The most likely accldent sequence 13 that there was a reac-
tivity insertion, possibly linked with experiments belng per-
formed on the reactor at the time.

Channel voiding, fuel clad melting, hydrogen production and
possibly steam exploslion followed.

A steam explosion or hydrogen explosion caused damage to the
operating floor and reactor hall walls. The collapse of the lat-
ter caused collapse of the reactor hall roof, refuelling machine
and bridge crane which caused further damage to the operating
floor.

Alr ingress to the core led to a large scale graphite fire.

3 Radioclogical effects

Initially, radioactive material was transported at high al-
titude towards Scandinavia.

Later, material was transported over most of Europe at lower
altitudes leading to contamination 1in rainwater of many thousands
of Becquerels per litre of I131 1n several countrles and the
presence of 1131 in milk. In general, the levels of 1131 in milk
in Western Europe did not necessltate protective actlon.

Activity was first recorded in the UK on May 2, some six
days after the accldent.




So far, some 25 people have died as a direct result of the
acclident; most from the effects of radiation. All of these people

were either employed at the plant or were involved in emergency
work. .

Total long term health effeots are likely to be of the order
of 10,000 cancer deaths in the USSR, 1,000 in Europe as a whole
and 100 in the UK (3 per year over a 30 year period). This latter
number should be oompared with 600 cancer deatha per year from

background radiation and 144,000 cancer deaths per year from
other causes. .

Some 200,000 people have been evacuated from the immedlate
viecinity of the reactor and from areas of high activity up to 100
milea away. : .

4 Recovery Measures

5,000 tonnes of sand, boron, lead and limestone have been
dropped onto the reactor by helicopter to control the graphite
fire and filter the release to the environment.

The suppression pool under the reactor has been emptied of
water and filled with concrete to support the weight of material
dropped on the core and to inhibit melt~through.

The ground around the plant has been frozen to prevent move-
ment of ground water and embankments have been built along the
river Pripyat to prevent contamination of water supplies.

It is planned to encase the reactor completely in concrete.

SF Hall
05/06/86
SRD
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1! DESCRIPTION OF CHERNOBYL REACTORS

The Chernobyl site, 70 miles north of Kiev and 400 miles south-
west of Moscow, has four 1000MW(e) reactors of the RBMK ("High
power, pressure tube reactor®") type which came on line between
1978 and 1984. Units 1 and 2 share one reactor building and units
3 and 4 another. The accident involved unit 4 and has had some
effect on unit 3 because o¢f shared reactor hall, refuelling
machine and some services.

These reactors consist of vertical pressure tubes, containing the
fuel elements, inserted into holes in a stack of interconnected
graphite bricks which serve as moderator.

The graphite stack is contalned in an inerted vessel, filled with
a mixture of helium and nitrogen, at atmospheric preasure.

The fuel channels meet the operating floor in refuelling heads
and a charge machine runs on an overhead bridge within the reac-
tor hall to give on-load refuelling capability.

The Chernobyl reactors have a once-~through coolant system with
two parallel loops comprising 1661 pressure tubea. The core 1is
roughly cylindrical with effective diameter 12.2m and helght T7m,
and the pressure tubes are on a aquare lattlice of 250mm pitch.
The pressure tubes are made of zirconlum-nioblum alloy with wall
thickness 4mm and diameter 88mm. The coolant leaves the core
region as saturated steam at TMPa and passes to separators before
going directly to 500MW turbines.

The fuel elements contain 18 pins of UO, ,enriched to about 2%
and with an average linear rating of 15kW/m and maximum linear
rating of 21kW/m, clad in zirconium-niobium alloy cans of outside
diameter 13.5mm, 0.9mm wall thickness and filled with an argon-
helium mixture., Each fuel element is 3.5m long and there are two
in each channel. The fuel has a design burn-up of 22.3 GWd/tonne.

Control of the reactor is achieved by means of 221 control rods
with CRDM's beneath the reactor core. The control rod channels
have a separate water cooling circuit.

The emergency ococcling system ocomprises an emergency feedwater
tank with a pump discahrging directly into the inlet headers
beneath the reactor core. This aystem is designed to deal with a
break in a main coolant pipe. In the event of loss of power the
reactor is capable of natural circulation.

The reactor and primary pipework are contained in a concrete
modular containment with design presure of 4 bars. Under the
reaotor is a pressure suppreasion pool conected to the contaln-
ment by bursting disks. This system, along with the ECCS 1s
designed to cope with a break in one of the 900mm steam headers,
The reactor hall is covered by a lightwelght concrete and steel
building.
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Layout of RBMK~-1000 Reactor

1 = Core; 2 =« Ciroulation pumps; 3 - Inlet lines to pressure
tubes; 4 - Lower core support structure; 5 - Upper biologiocal
shield; 6 - Refuelling machine; 7 - Steam/water outlet lines; 8 -
Drua separators; 9 - Preassure suppression pool; 10 - Concrete
containment; 11 -« Reactor hall; 12 - Operating floor.
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2. POSSIBLE PROGRESSION OF ACCIDENT SEQUENCE

The "initial" event appears to have been an explosion or
explosions that occurred at 1.23 am on Saturday 26 April. This
resulted in a fire in the reactor building, which may have spread
to the turbine hall roof. The IAEA experts who visited Chernobyl
have reported that at the start of the accldent, there was an
explosion in the reactor vault, Subsequently, the refuelling
machine and overhead crane fell onto the reactor cauaing further
damage. The event occurred when the reactor was at low power
(74), said to be normal for a routine short-term shutdown. It
had been at full power a few hours prior to this.

More recently, Gorbachev has made a statement on Soviet
television that has been interpreted as indicating a power
increase initiated the accident. It has also been reported that
an unauthorised experiment was in progress at the time of the
accident, possibly involving control rods,

Under normal conditions, none of the materials in the core have
the potential to cause explosions. For an explesion to occur,
either chemical reactions must reduce water to produce hydrogen,
which could then explode if mixed with air, or fuel rod materials
nust melt and then mix with liquid water to provide the initial
conditions for a steam explosion or steam spike. Either caase
would require greatly elevated core temperatures. For such
temperatures to be attained, elther the coolant supply to a fuel
channel would have tc be reduced or there would have to be an
overpower transient, or some combination of the two.

The graphite moderator of the Chernobyl reactor was inerted by a
He/N, mixture which was in turn surrounded by a nitrogen blanket
prior to the accldent, so fallures of these blanketling systems
would have had to occur to allow air access to the core if a
chemlical explosion occurred.

A steam explosion could ncot arise unless liquid cocolant re-
antered the channel. Thus, there would have to be water
remaining in other parts of the primary circuit that oould re-
enter the channel at some stage, or emergency Ilnjiection to the
channel would have to occur to reflood it., If fuel melting
occurred as a result of a reactivity transient, then although
water would be forced out of the channels by the inerease 1n heat
transfer, the pumps would restore the flow as the transient
subsided. The resultant explosion might displace the atand-plpe
closure expelling steam, hydrogen and molten material into the
reactor hall. The combination of steam pressure, hydrogen and Zr
burning would probably collapse the relatively light reactor
hall. The accident would then develop as a LOCA with the
containqent bypassed.




If the initial explecsalon 1in the reactor vault were a hydrogen
explosion, breach of the presaure circult would have been a
necessity to allow the hydrogen to mix with air,

Following a breach the ECCS would be activated, Part of the core
might have been uncoolable because of explosion damage. However,
the rest of the core would be cooled, provided the breach did not
exceed the ECCS capaclty, although the water would gradually be
lost through the breach. Normally for breaches inside the
containment the ECCS water would run back into the pressure
suppression pool from whence it could be reciroulated. However,
for a breach ocutside the containment this water would be lost and
eventually the ECCS pumps would be starved of supplies and the
core would uncover and melt.

Molten fuel debris would fall down the pressure tubes, which pass
through the shield beneath the reaotor, and would cocllect on the
floor of the reactor vault. The molten debris would attack and
melt-through the floor into the pressure suppression pools
beneath. Steam explcsions oould then have occurred 1f there was
water in the pools, but it has been reported that the Rusaians
drained these pools. The debris would eventually melt through
the foundations of the building and might form a pool of maximum
radius about 19m after about a year before finally resclidifying.

At present, the most likely possible accident sequence appears to
be one in which a local reactivity transient leading to a rise to
504 full power over 10 seconds caused dry-out of a few fuel
channels and fuel melting. This might have resulted from
withdrawal of control rods, failure of a bottom entry control
rod, or a dropped fuel stringer and was possibly related to the
experiments reported to be in progress. In this type of reactor
at low power there is the possibility that neutronio
instabilities wlll ococur because of the positive voild
coefflicient. Under these circumstances a reactivity insertion
could rapidly become uncontrollable.

As the fuel temperature increased the zirconium c¢ladding of the
fuel would react with steam to produce hydrogen. Molten fuel
might mix with water remaining in the bottom of the fuel channel
or on reflood to cause a steam explosion. Steam explosion(s)
could have disrupted the pile cap and ejected fragments of
zirconium and hydrogen into the reactor hall and adjoining cells,
(There is a suggestion that a steam explosion might have occured
in a fuel channel connected to the refuelling machine.) The
ziroonlum and hydrogen would have burned or exploded in the alr
and caugsed the structural damage to the building seen in
photographa. Subsequent loss of coolant from the pressure
oircuit caused that fuel not melted in the initial event to heat
up and melt in the following days. Ailr ingress into the now
exposed graphlite caused a graphite fire. It should be recognised
however, that it will probably be a long time before the full
facts of the accldent are known and until such time, discussions
of the accident sequence will be mainly speculation.
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3. DISPERSION OF ACTIVITY AND RADIOLOGICAL CONSEQUENCES

The meteorclogical conditiona prevalling at the time of the
accident and over the succeeding 24 hours or sc were responsible
for the transport of released activity in an almost direct
trajectory towards Scandinavia. Material initially injected at
very high altitudes in the early stages of the accident appears
to have led to the first reported measurements of increased
activity levels, following rainfall in central Fianland on 27
April. It is likely that material transported in this manner at
relatively high wind velocities was responsible for the

subsequent radiation levels detected in countrlies bordering the
pacific Ocean.

Radicactive material transported at lower altitudea in the
atmosphere was probably responsible for the majority of the
contamination reported in Europe. Increased radiation levels
were reported from Sweden on 28 April, due to activity release at
or soon after the accident on the 26th. The release of
radioactivity from the damaged core appears to have extended over
several days. After some 24 hours, the plume began to follow a
more westerly trajectory than that taken initially, passing over
the continental mainland, across West Germany and into France. A
component of this section of the release reached the United
Kingdom on 2 May. The developlng meteorology over the western
Soviet Union then led to relatively light and variable winds in
the vicinity of the accident site. Activity released in the
final days of April therefore tended to begin to be transported
towards the East before circulating more locally and passing
towards the Balkans and south east Europe.

Reflecting this picture of plume dispersion, increased levels of
radlation had been detected throughout almost all of Europe by 2
May. Considerable effort has been made by international bodies
such as WHO to obtain a consistent survey of contamination.
Nevertheless, data collected by national monitoring networks is
directed primarily towards radiological protection within
individual oountries, and an overall view of the consequences is
progresaing relatively slowly.

Hotable variation in levels of contamination arising from the
depoaltion of material from the plume has been reported in all
countries, due to the selective removal by *washout' during
periods of rainfall, which extend over only relatively small
areas. The efficliency of this removal process led many countries
to introduce recommendations for limiting the consumption of
freah rainwater by members of the public. Contamination of
rainwater by I131 ran to many thousands of Becquerels per litre
in a number of countries. Rainfall in the north west of the
United Kingdom was particularly heavy in comparison with the rest
of the country in early May, leading to the widely-reported
increased levels of contamination in those parts of the country.



Dairy cattle being fed from pasture were able to consume both
contaminated rainwater and grass, such that I131 became present
in milk supplies. In general throughout Western Europe, however,
levels in milk supplied by dairies rarely approached values
necessitating protective action,

A number of countries have reported measurements of the relative
proportions of different radionuclides within the plume. By
comparing these with the relative quantities of activity assumed
to be present within the reactor core at the time of the
accident, 1t has been estimated that roughly equal fractions of
Iodine and Caesium were released, with smaller amounts of other .
radionuclides, including Ru103, Ru106, Te132, Lal40, Batld0 and
Np239. A considerable proportion of the released iodine appears
to have remained in the vapour phase (or, less likely, in a
desorbable form on particulate material), which led tc an initial
underestimation of the contribution to airborne aotivity levels.

Numerous teams have attempted to use these environmental
concentration data tc infer conclusions regarding the magnitude
of the release, arriving at as many results from different
modelling techniques. The situatlion 1s complicated encrmously
the long time scale over which the release tock place and the
likely reduction in source strength with time, together with the
developing meteorological conditions. However, SRD, NRPB and a
team at Imperial College, London appear to be 1ln broad agreement
with the tentative initial conclusion that some 5% of the initial
inventory of core volatiles {Iodine and Caesium) was transported
towards Scandinavia, with approximately 20% released overall.

The overall health impact ¢f the aocident for the Soviet Union
and the remainder of Europe remains to be assessed fully. Soviet
authorities have reported that some 300 people were flown to
Moscow for hospital treatment, including bone marrow transplants.
Approximately 25 of these have died to date, two of whom were
fatally injured at the time of the accident, the remainder
apparently due to radiation effects. All those taken to Moscow
appear to have been involved in the teams dealing with the
accldent on site; eg firemen and plant personnel. No early
deaths have been reported among members of the public away from
the reactor site. Firemen who fought the original fire at the
plant are said to have received doses as high as 10 Gy (100C rad)
- early health effects such as nausea might normally be expected
above 0.5 Gy, death above 2 Gy. In addition to the reported
fatal illnesses and inJuries arising from bone marrow dysfunction
and acute gastrointestinal syndrome, it may be expected that
directly attributable disease and deaths will arise in the coming

months from high radiation doses to the lungs, or any combination
of these,

Once the scale of the release had become known, rapld evacuation
from an area within a 30 km radius of the plant appears to have
been achleved. According to SRD's calculations for the assumed
release, this seems to be in line with the area which might be
subjJect to ERL - based countermeasures; alternatively the area
may reflect existing civil defence plans., Nevertheless, it has
recently become apparent that further evacuation has taken place
outside this zone to the north of the plant. It 1is quite



/

possible that rainfall in this region in the firat few days
following the accident, when the plume was still travelling in a
northerly direction, may have brought about local dose levels as
high as those within the 30km zone.

In the longer term, it is likely that some cancers appearing in
the next few decades among the exposed population will arise as a
result of the accident. However, the numbers of fatalities
involved are likely to be s0 small that they will be undetectable
againast the normal incidence of such effects. Based upon
monitoring data, and making interpolations where such information
is sparse, it has been estimated that about 100 fatal cancers in
the UK in the next 50 years will be due to Chernobyl, with about’
1000 in Western Europe. Computer estimates based upon the 20%
volatile release discussed above predict about 10,000 fatal
cancers in the Soviet Union. The figure of 100 cancer deaths for
the UK might be compared instructively with the 600/year from
background radiation which would be predicted under the same
assumptions regarding the risk from low level irradiation, and

approximately 144,000 cancer deaths per year from all other
causes,
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4 STATE OF PLANT AND RECOVERY MEASURES

Photographs published in the press show severe dammage to the
reactor building resuting from the effects of fire and
explosion. Conorete rubble from the reactor building end walls
and probably from the steam drum cells is strewn on the ground
and turbine hall roof. The lightweight reactor hall roof has com-
pletely ocollapsed as has the refuelling machine bridge. Both of
these latter two structures are normally supported by the con-
crete walls of the steam drum cells and it is probable that one
of the initial explosions occured inside the containment and
resulted in the cocllapse of these walls. It has been reported
that the collapse of the refuelling machine csaused extensive
damage to the operating floor and this contributed largely to the
graphite fire.

Damage to the core is a matter of speculation but it is clear
that the has been large scale melting and oxidation of cladding
and pressure tube materials and posssibly of the fuel itself, A
large amount of the graphite has been burned.

On the second day of the aocident helicopters began dropping
sand, lead and boron on top of the oore in an attempt to control
the fire and radiation release. The total amount of material used
is reported to be 5000 tonnes.

Fire appliances were used to pump out the suppression pool under
the reactor and concrete is being poured in to form a base for
the encasement of the reactor. This work was neccessary partly to
support the welght of the materials dropped onto the top of the
reactor. This base has some form of ¢ooling built into 1it. The
eventual aim of this work i1s to encase the reactor completely in
a cooled concrete vault,

The ground around the reactor has been frozen to prevent ground
water movement and embankments have been built along the Pripyat
river to prevent the contamination of water supplies.
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A NOTE FROM THE CENTRAL ELECTRICITY GENERATING BOARD

CHERNOBYL NUCLEAR ACCIDENT

There is intense public interest and concern about the
Chernobyl nuclear accident - its cause, its effects in the
Soviet Union, its effects in the United Kingdom, its
implications for UK reactors and its implications for the future
of nuclear power worldwide. Many of these points of concern
cannot be answered at this moment, because we know so little of
what has actually happened at Chernobyl. Obviously, the British
nuclear industry is following events with great concern and the
purpose of this note is simply to record what limited comments
it seems possible to make at this point in time.

We know that a Chernobyl there were four pressure tube
reactors of a Soviet design already operational and two under
construction. The first two reactors are reasonably well
separated but the third and fourth reactors are housed close
together in a single building. The fifth and sixth recactors are
not yet operating. The Soviets have told us that it is
reactor 4, the most recent, that has had the accident and they
have now closed down the other three reactors, that is the first
two and reactor 3 which is in the same building as reactor 4.

We have no information about the initiating event which caused
the trouble in the first place other than the information
released by the Soviet Union or the IAEA. We do not know
whether fire was the initiating event or the consequence of the
initiating event. Discussion about that is not much better than
speculation and guesswork. However, we do know something about
the reactor design and its safety characteristics, which is
relevant and certainly is helpful in understanding the
speculations made about the accident sequence. Therefore, what
we know about the Soviet reactor design is set out in the next
section.

Reactor Design

The technical description of the Soviet reactor is a
boiling-water, pressure-tube, graphite-moderated reactor. There
is nothing like it anywhere in the Western world in civil
nuclear power. It has close similarities in principle to the
reactors firet used in the Soviet Union to produce plutonium for
the weapons programme. They also were cooled with water, were
pressure-tube reactors and were moderated by graphite. As its
name implies, the Soviet reactor has some similarities with the
American BWR (use of boiling water in a direct cycle), the
CANDU reactor (use of pressure-tubes) and our own gas-cooled
reactors (use of graphite as moderator). The reactor it least
resembles is the PWR proposed for Sizewell (PWR has indirect
cycle, no boiling, a pressure vessel and water as a moderator).
Its safety characteristics are unique and it is best to describe

it as a hybrid not like any civil reactor operational in the
Western world.
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However, there are some superficial similarities
between the Soviet reactor and the British design of a pressure-
tube reactor called the Steam Generating Heavy Water-moderated
Reactor (they both are direct cycle reactors and have a similar
layout of the primary circuit). This is a reactor that was
never built on a commercial scale (a small prototype has been
constructed and operated by the UKAEA in Winfrith in Dorset).
The comparison of the two reactor designs is instructive.

The technical description of the SGHW reactor is a boiling-
water, pressure-tube, heavx water moderated reactor. The
circuit diagram in the Soviet reactor and the SGHW reactor are
superficially similar except for the use of a graphite moderator
in the Soviet design and heavy water in the British design. 1In
the 1970's the Government of the day made a decision to build
the SGHWR subject to detailed design and safety studies. BAs
part of that work the Nuclear Power Company (NPC), now the NNC,
consulted a number of countries involved in the development of
pressure tube reactor concepts. In particular, a visit was made
by the British Nuclear Forum in 1975 to the Soviet Union.
Following that visit, the Nuclear Power Company produced a
report on the Soviet reactor comparing its features to those of
the SGHWR. The report is now somewhat out of date having been
published ten years ago in March 1976. Nevertheless, it
demonstrates conclusively that the British nuclear reactor
designers had important technical reservations about the Soviet
design at that time and in view of the public interest in the
Cherncbyl accident, NNC has decided to make that report public
to serve as background information to the on-going debate. That
1976 report highlighted a number of deficiencies of the design
as related to UK safety licensing criteria. These include:

i} the lack of a direct in-core spray emergency core cooling
system (as used on the SGHWR) and considered necessary to
cocl the fuel in the case of possible stagnation accidents;

ii} the lack of a full containment for a water cooled reactor
(the commercial SGHWR was designed with a full pre-stressed
concrete containment):

the mechanical instability of the graphite core particularly
the possibility of loads coming onto the pressure tubes due

to earthquakes or due to dimensional changes in the graphite
due to irradiation effects:

iv) insufficient protection against the failure of a pressure-
tube, in particular the structural geometry of the graphite
core might not be retained in the event of a pressure-tube
rupture due to insufficient venting of the excess steam
pressure in the gaps between the bricks:

v) the reactor has a positive void coefficient that is if the
water coolant is lost and the fuel channel is filled with
steam the neutron population increases. Insufficient
shutdown margin was provided for in the Soviet design
compared with UK criteria. The possiblility of zonal
instabilities and local criticality in the core was noted.




vi} no back-up to the control rods for reactivity shutdown is

provided.

vii} the high temperature of the graphite core (700°C) as noted.

NPC undertook an analyis of the graphite temperatures
throughout the life of the reactor and noted that under some
assumptions they could increase to beyond 1000°C at end of
life. These temperatures were considered excessively high.

The 1976 NPC report relates to the particular reactors
installed at Leningrad. There is little doubt that the reactors
at Chernobyl do incorporate a number of improvements in design
including a pressure suppression containment pool beneath the
reactor and an improved emergency core cooling system. However,
the other basic features of the design remain the same.

Broadly speaking, the designers of that day decided that we
could learn little from the Soviet Union about pressure-tube
reactors because their safety thinking was so different from our
own. Work therefore proceeded using our own ideas on the
development of the design of the SGHWR until late 1976. The
SGHWR has a number of major advantages over the Soviet graphite
reactor. 1In particular the moderator is heavy water, contained
in a separate tank (calandria) and kept cool (70°C) by a
separate cooling system. Other features which represent
improvements over the Soviet design have been identified above
viz. in core spray emergency cooling system, full containment,
negative void coefficients.

Nevertheless, as the work progressed it became clear that
the cost of the reactor was escalating rapidly due to the need
to meet the very stringent UK safety licensing criteria. For
that reason the Atomic Energy Authority advised the Government
of the day that it was not possible simultaneously to satisfy
British safety rules and produce economic nuclear power using a
pressure-tube reactor in this country. That same report
recommended to the Government that there were two reactor
concepts which could simultanecusly meet British safety rules
and be economic. They were the AGR's and PWR's. That remains
the position today - subject to the results of the Sizewell
Inquiry. This exercise from the past, 1975 and 1976,
demonstrates that the Soviet reactor concept did not meet
British safety rules and the very much better concept of heavy
water moderated pressure tube reactor could meet the UK safety
rules but only at the sacrifice of economics.



Consequences for our own Reactors

Despite the unique hybrid design of the Soviet reactor we
are most anxious to learn what we can from the Chernobyl
accident. We are not expecting to learn a great deal about
reactor design or construction. We are, however, hoping to
learn some useful lessons concerning reactor operation and by
comparing and contrasting Soviet practice with our own plans for
dealing with nuclear emergencies. However, that obviously
depends upon free access to Soviet experience. We must hope
that that becomes available in due course.

13 May 1986

Issued by Department of Information and Public Affairs
Central Electricity Generating Board
Sudbury House, 15 Newgate Street, London, EC1lA 7AU



The Accident at Chernobyl - The Containment Issue
(Brief issued by Lord Marshall - 12 May 1986)

The nuclear accident at Chernobyl has understandably
led the public to ask questions about the safety ¢f our own
reactors. One major issue 1is containment. In the accident at
the Three Mile Island nuclear power station, Pennsylvania,
USA, there was a partial core meltdown, but there was no
significant harm to the public because virtually all the
radicactivity was retained inside the containment building
when the primary pressure boundary was breached. The Chernobyl
reactor accident on the other hand has led to a large release
of radicactivity and does not have similar containment.
People, therefore, naturally ask what containment do we have
on our own Magnox and advanced gas c¢ooled reactors? This note
compares the containment features of different types of
reactor systems. We hope that this will reassure the public
about the safety of our own reactors.

Unfortunately the word “containment™ can have either
a general or a specific meaning depending on reactor type or
" national habit - the objective of all safety devices in a
reactor 1Is to "contain" the radicactivity. To avoid confusion

we shall refer to physical boundaries or bulldings as
"parriers".

All nuclear fuel is enclosed inside sealed cans,
often referred to as the fuel cladding. These cans are the
first barrier against the escape of radiocactivity and are
common to all reactor types.

The fuel together with the other components of the
reactor core and the primary coolant, whether it be gas or
water, are enclosed within a primary pressure circuit, which
provides the second "barrier" to the escape of radioactivity.
In a light water reactor like the PWR or BWR, this second
barrier is provided by the pressure vessel and the main
coolant circuit, made of extremely thick, tough steel. In
the early Magnox reactors the pressure vessel 1s also made of
steel. Although not so thick because the gas pressure in a
Magnox reactor is only modest compared to a light water
reactor we are nevertheless confident that it too will not
fail catastrophically. In the later Magnox reactors and in
all the Advanced Gas Cooled reactors, a concrete pressure
vessel is used. Sometimes in the UK this second barrier 1is
colloquially referred to as "primary containment”.



For all the reactor systems mentioned above, the
pressure vessel "contains" the pressure of the system. In
practice, this barrier cannot be completez, it canrot be a
totally closed cylinder or sphere, otherwise there would be
no way to get the coolant, either water or gas, in and out.
There must be pipes penetrating this barrier sc the heat can
be removed, s¢ the control rods can get in and out and so
that instruments can be inserted and taken out.

The golden rule of safety in the Western world is
that we must be pessimistic and assume Murphy's law applies
to all pipes breaching a steel pressure vessel or a concrete
vessel. That is, we assume that they can fail completely and
we must then prove that no harm comes to the public
nevertheless. Sometimes it is also necessary to protect the
public by providing a third barrier, the "containment
building". This i1s a large sealed building surrounding the
_ reactor, the primary circuit, and all the pipes and apparatus

connected to it. Sometimes, depending on the nature of the
technology, it is not necessary to provide that third barrier
because of the precautions we take to ensure that significant
radicactivity does not escape Iin the first place from the
first or second barriers.

In the Western world, for water reactors like the
PWR or the bolling water reactor, where there is a breach in
the primary boundary for whatever reason, steam will escape
from the primary circuit. That steam will be radicactive
because water borne corrosion products are irradiated in the
reactor core, and there are sometimes failed fuel elements in
the reactor. That steam must be contained so that the
radiocactivity is not released into the environment. For this
reason all water cooled reactors must have a third barrier in
the form of a containment building. In the event of such an
accident, the steam trapped inside the containment bullding
is automatically sprayed with cold water and thereby
condensed back into water.

In our gas cooled reactors the situation is very
different. Again, our safety rules insist upon Murphy’'s law,
namely, we assume a breach in the primary circuit and that
therefore the CO, gas will escape through the hole. However,
the gas escaping from the gas cooled reactors is relatively
free of radioactivity.



The reason 1is that radicactive corrosion products
are not readily transported by the gas, and great care is
taken to ensure that no fuel with damaged cladding remains in
the reactor. :

Gas cooled reactors also behave very differently
from water reactors in the event of a loss of coclant
accident. 1In gas ccoled reactors the gas will simply stream
out and the pressure inside the primary c¢ircuit will steadily
drop, but nothing much else will happen. Gas cannot change
suddenly into something else as water can change into steam.
Consequently, the environment of the fuel elements changes
‘relatively slowly and there are numerous devices which ensure
that we can keep the coolant circulating past the fuel. In
those circumstances, we know that leakage of radicactivity
from the fuel, if any, into the coolant will only occur to a
limited degree and the coolant will remain relatively clean.

Therefore, in these acc¢idents, in c¢ontrast to the
water reactors, there is no harm in releasing the CO, gas
directly to the environment and there is no necessity to
provide a containment bullding.

For both water and gas ¢ooled reactors we can
imagine even larger accidents. The worst credible accident in
the UK system might require an evacuation ¢f the public from
within a radius of about 1X% miles.

The discussion given earlier should make clear the
essential task of the primary circuit to hold the coolant in.
In gas cooled reactors it serves a second equally important
role, to keep air out and thus prevent graphite fires.

We can also look at how these general principles
apply to pressure tube reactors. The principle of a pressure
tube reactor is that the second barrier will not be provided
by a steel pressure vessel or a concrete pressure vessel, but
by a stout pressure tube. The pressure tube therefore
surrounds either a single fuel element or small number of fuel
elements and is then connected up to steel pipes and steam
drums. The Canadians in thHeir safety assessments assume that a
failure in the primary circuit can occur, and they put their
entire primary circuit inside a containment building which can
withstand the failure so that, in broad principles, their
safety arguments are somewhat similar to those for light water
reactors, though, of course, they are different in peoints of
detail.

In the RBEMK reactors in the Soviet Union they use
pressure tubes, water cooling and a graphite moderater, a very
different concept from any commercial plant in the West.



We do not know in detail the safety principles
followed in designing that reactor but from fundamental
principles this design needs a "barrier" with a unique
function. This barrier need not be robust enough to contain
the primary pressure {that is done by the pressure tubes) but
it needs to have sufficient strength to "contain" the pressure
if a tube fails (as the Canadians do) and to surround the
graphite to prevent the air getting in. It is this unique
"barrier" which appears to have failed at Chernobyl - because
it did have a graphite fire and therefore air did get in. In
UK reactors this second function (preventing air getting in)
is achieved automatically by the robustness of the primary
circuit (i.e. second barrier).

We must aveoid jumping to hasty conclusions and we
must learn what we can from this unfortunate accident, but
present evidence suggests that it would be wiser to have a
graphite moderator cooled and contained within the primary
circuit rather than have a graphite moderator hot, outside the
primary circuit and contained only within a weaker containment
building.

The provision of a "containment building" or the use
of graphite as a mederator - has no intrinsic value or
importance at all as an isolated fact. Neither is the choice
of water or gas as a coolant itself an important fact. What
is essential is that each reactor concept is provided
consistently with whatever the technology demands.

12 May 1986

Issued py:

Department of Information and Public Affairs
Central Electricity Generating Board

Sudbury House

15 Newgate Street

London EClAa 7AU
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5.6
Note for the Record

Telephone conversation with Bob Cairns of the Australian High
Commission, London

Bob Cairns rang enquiring after documents that he had been told we
had produced on the damaged state in the Chernobyl reactor. This
information had been passed to him from the OECD delegation in
Paris and he specifically mentioned the fact that Professor
Teague's name was known to them. There was no suggestion that Mr
Teague had told them about this document. I indicated that I knew
of no such document, certainly that the Authority had produced,
and would have been very surprised indeed if such a document
existed within the UK nuclear industry. I advised him to
telephone Brian Edmondson's office, that is in particular the
group of the CEGB running the CEGB newsletter and the information
service on Chernobyl. In addition, after checking with the CEA,
it proved possible to pass to Cairns the document that CEA have
preduced in French on their view of the Chernobyl accident. All
this happened over two telephone conversations. Eventually Cairns
responded that he had had much success with the CEGB and that with
the additional information from the French document, he appeared
very satisfied indeed that he was able to satisfy the requests
from his home office for information.

M R Hayns
SRD

cc Dr G I W Llewelyn
Mr M Preston
Dr J H Gittus

4 June 1986
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TO ALL SENIOR STAFF IN CENTRAL SERVICES

The Working Party set up by Lord Marshall to examine the issues
raised by the Chernobyl accident, on which the Authority is represented
by Dr. Gittus and Dr., Hicks, has produced the attached papers. The
EDC this week agreed that the papers should be circulated to all Senior
Staff in the Authority with discretion to pass them on to those of
their staff who need to be aware of the information in them. The
CEGB are making the documents freely available.

2. The EDC felt that the papers were not in themselves adequate

for UKAEA purposes as briefing material for staff who might need to
appear at public debates etec. and each site is producing briefing

notes regarding the safety characteristics of its own reactor system as
fuller defensive briefing. Copies of that briefing will be sent to the
Information Services Branch in London Headquarters.

3. Please circulate the attached documents to those of your staff
who would find it helpful to see them.

/"/m{%r

M. A. W, BAKER

23rd May 1986
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STATEMENT OF THE NUCLEAR REGULATORY COMMASSION
PRESENTED BY NUNZIO J. PALLADINO, CHAIRMAN
U.S. NUCLEAR REGULATORY COMMISSION .

MAY 22, 1986

MR, CHAIRMAN, AT YOUR REQUEST, THE COMMISSION APPEARS BEFORE THE
SUBCOMMITTEE TODAY TO DISCUSS THE POTENTIAL IMPACT OF THE SOVIET
ACCIDENT AT CHERNOBYL ON THE.LEVEL OF SAFETY OF THE U.S.
COMMERCIAL NUCLEAR POWER INDUSTRY AND THE ADEQUACY OF THE NRC
PROGRAMS TO ASSURE PUBLIC HEALTH AND SAFETY, WE HAVE NOT YET BEEN
PROVIDED WITH INFORMATION RELATED TO THE CAUSE OF THE ACCIDENT,
HOWEVER, ‘MEASUREMENTS OF RADIOACTIVITY OUTSIDE OF THE SOVIET UNION
HAVE BEEN USED TO ESTIMATE THE SEVERITY OF THE ACCIDENT. WE HOPE
THAT THE SOVIET UNION WILL PROVIDE DETAILS ON THE CAUSE AND
CONSEQUENCES OF THE ACCIDENT DURING THE NEXT SEVERAL MONTHS,

AS YOU KNOW, DETAILS REGARDING THE ACCIDENT ARE SKETCHY. HOWEVER,
THE AVAILABLE EVIDENCE INDICATES THAT THE ACCIDENT WAS SERIOQUS.
My FELLoWw COMMISSIONERS AND | WOULD LIKE TO EXPRESS QUP

"
s
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CONDOLENCES TO THOSE SOVIET CITIZENS, AND OTHERS, WHO HAVE BEEN OR
MIGHT BE IMPACTED BECAUSE OF THE ACCIDENT AT CHERNOBYL, IT IS
OBVIOUSLY A MATTER OF DEEP CONCERN TO US ALL WHEN TRAGEDIES OCCUR,

THE WHITE HOUSE- ESTABLISHED AN INTERAGENCY TASK FORCE TO MONITOR
THE HEALTH, SAFETY AND ENVIRONMENTAL CONSEQUENCES OF THE CHERNOBYL
AC *DENT ON THE UNITED STATES. THE TASK FORCE WAS CHAIRED BY LEE
THOMAS, ADMINISTRATOR OF THE U.S. ENVIRONMENTAL PROTECTION AGENCY,
MEMBERS REPRESENTED VARIOUS FEDERAL AGENCIES, INCLUDING THE
NucLEAR REGULATORY CoMMISSION (NRC). THE NRC REPRESENTATIVE WAS
MR. HAROLD DENTON, DIRECTOR, OFFICE OF NUCLEAR REACTOR REGULATION,
I REGRET THAT MR. DENTON COULD NOT BE WITH uUS TODAY. HE IS
PAﬁTIClPATlNG IN-AN TAEA MEETING IN VIENNA RELATED TOo CHERNOBYL,

AN NRC INCIDENT TRACKING TEAM WAS ESTABLISHED ON MAay 1, 1986 To
COL.LECT INFORMATION AND REVIEW THE EFFECTS OF THE CHERNOBYL
INCIDENT IN SUPPORT OF EPA. THE PURPOSE OF THE EFFORT WAS TO
OBTAIN AN UNDERSTANDING OF THE REACTOR ACCIDENT AND THE
RADIOLOGICAL SOURCE TERM IN ORDER TO ASSIST EPA IN ASSESSING ITS
IMPACT ON THE UNITED STATES.

AS YOU ARE AWARE, MR, CHAIRMAN, WE HAD A SERIOUS ACCIDENT IN THE
UNITED STATES AT THE THREE MILE ISLAND UNIT 2 FACILITY., OuR STUDY
OF THAT ACCIDENT IDENTIFIED EXTENSIVE CHANGES THAT THE tOMMlSSION
CONCLUDED WERE NECESSARY TO IMPROVE THE SAFETY OF NUELEAR PLANTS

S
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STATEMENT OF THE NUCLEAR REGULATORY COMMISSION
PRESENTED BY NUNZ10 J. PALLADINO, CHAIRMAN
U.S. NUCLEAR REGULATORY COMMISSION .

MAY 22, 1986

MR. CHAIRMAN, AT YOUR REQUEST, THE COMMISSION APPEARS BEFORE THE
SUBCOMMITTEE TODAY TO DISCUSS THE POTENTIAL IMPACT OF THE SOVIET
ACCIDENT AT CHERNOBYL ON THE LEVEL OF SAFETY OF THE U.S.

COMMERCIAL NUCLEAR POWER INDUSTRY AND THE ADEQUACY OF THE NRC

PROGRAMS TO ASSURE PUBLIC HEALTH AND SAFETY. WE HAVE NOT YET BEEN
PROVIDED WITH INFORMATION RELATED TO THE CAUSE OF THE ACCIDENT, -
HONEVER.-MEASUREMENTS.OF RADIOACTIVITY OUTSIDE OF THE SOVIET UNION -
HAVE BEEN USED TO ESTIMATE THE SEVERITY OF THE ACCIDENT. WE HOPE
THAT THE SOVIET UNION WILL PROVIDE DETAILS ON THE CAUSE AND
CONSEQUENCES OF THE ACCIDENT DURING THE NEXT SEVERAL MONTHS,

AS YOU KNOW, DETAILS REGARDING THE ACCIDENT ARE SKETCHY. HOWEVER,
- THE AVAILABLE EVIDENCE INDICATES THAT THE ACCIDENT WAS SERIOUS,
My FELLOW COMMISSIONERS AND ] WOULD LIKE TO EXPRESS OUR

. ."';i‘l.'
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IN THE UNITED STATES. BECAUSE OF THE SIGNIFICANT DIFFERENCES
BETWEEN THE COMMERCIAL NUCLEAR PLANTS IN OPERATION IN THE UNITED
STATES AND THE CHERNOBYL NUCLEAR FACILITY IN THE SOVIET UNION, IT
IS DIFFICULT TO IDENTIFY AT THIS TIME ANY LESSONS TO BE LEARNED
FROM THIS ACCIDENT THAT MIGHT BE APPLICABLE TO THE PLANTS WE
REGULATE.

WE, OF COURSE, WE WILL MAKE EVERY EFFORT TO LEARN WHAT WE CAN FROM
THE SOVIETS, BUT UNTIL WE HAVE SUFFICIENT INFORMATION, IT IS
PREMATURE TO SPECULATE WHETHER ANY CHANGES IN UNITED STATES’
COMMERCIAL PLANTS ARE WARRANTED., | HAVE ASKED THE EXECUTIVE
DIRECTOR FOR OPERATIONS (EDO) TO APPOINT A GROUP OF OUR SENIOR
SCIENTISTS AND ENGINEERS TO CONTINUE THE STUDY OF THE ACCIDENT AND
RECOMMEND TO THE COMMISSION ANY ACTION THAT MIGHT BE NEEDED FOR
THE U.S. REGULATORY PROGRAM,

». WOULD NOW LIKE TO COMMENT ON THE ITEMS YOU SPECIFICALLY
REQUESTED THAT OUR TESTIMONY ADDRESS,

I HAVE ALREADY ADDRESSED THE ACTIONS WHICH THE NRC HAS TAKEN TO
DATE IN RESPONSE TO THE CHERNOBYL ACCIDENT. AS PREVIOUSLY STATED.,
THERE ARE SUBSTANTIAL DESIGN DIFFERENCES BETWEEN COMMERCIAL
REACTORS IN THE UNITED STATES AND THE CHERNOBYL REACTOR, SOME OF
THESE DIFFERENCES INCLUDE A REACTOR ENCLOSURE PHILOSOPH% THAT
APPEARS SIGNIFICANTLY DIFFERENT FROM THE CONTAINMENT PHILOSOPHY
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EMBODIED IN WESTERN-STYLE PLANT DESIGNS AND A CORE DESIGN THAT
CONTAINS APPROXIMATELY 1700 TONS OF GRAPHITE COMPARED.HITH NONE 1IN
U.S. COMMERCIAL LIGHT WATER REACTORS., WE HAVE ALSO IDENTIFIED
MANY OTHER DESIGN DIFFERENCES THAT THE STAFF IS PREPARED TO
DISCUSS, THE SIGNIFICANCE OF THESE FUNDAMENTAL DESIGN DIFFERENCES
IS THAT THE NATURE OF ACCIDENT INITIATING EVENTS, AND THE WAY THEY
L.JLD EVOLVE IN A PLANT LIKE CHERNOBYL, AS WELL AS THE NATuhE OF
THE CONSEQUENCES, ARE VERY DIFFERENT FROM U.S. DESIGNS, FOR
EXAMPLE, RELEASE OF RADIOACTIVE MATERIAL TO THE ATMOSPHERE AS A
RESULT OF A LARGE GRAPHITE FIRE IS NOT AN ACCIDENT THAT NEEDS TO
BE CONSIDERED FOR LIGHT WATER REACTORS.

BECAUSE OF THESE PRONOUNCED DESIGN DIFFERENCES, COMBINED WITH OUR
LACK OF ANY DETAILED INFORMATION CONCERNING THE CAUSE OF THE
EVENT, IT 1S PREMATURE TO DRAW CONCLUSIONS REGARDING ANY

f ULATORY CHANGES THAT SHOULD BE TAKEN BY THE COMMISSION AT THIS
TIME. WE HAVE NOT LEARNED ANYTHING TO DATE FROM THE CHERNOBYL
ACCIDENT THAT WOULD LEAD US TO CONCLUDE THAT U.S. DESIGNED
REACTORS ARE UNSAFE,

IN THE AFTERMATH OF TMI, AND AFTER EXTENSIVE EVALUATIONS AND

DEL IBERATIONS, THE COMMISSION PROMULGATED ITS SEVERE ACCIDENT
PoLIcYy IN 1985, ON THE BASIS OF CURRENTLY AVAILABLE INFORMATION,
THE COMMISSION CONCLUDED THAT EXISTING PLANTS POSE NO UNDUE RISK
TO PUBLIC HEALTH AND SAFETY AND SAW NO BASIS FOR IMMEDIATE ACTION
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ON GENERIC RULEMAKING OR OTHER REGULATORY CHANGES BECAUSE OF
SEVERE ACCIDENT RISK. HOWEVER, SHOULD SIGNIFICANT NEW SAFETY
INFORMATION BECOME AVAILABLE, FROM WHATEVER SOURCE, TO QUESTION
THE CONCLUSION OF “NO UNDUE RISK,” THEN THE TECHNICAL ISSUES THUS
IDENTIFIED WOULD BE RESOLVED BY THE NRC UNDER ITS BACKFIT POLICY
AND OTHER EXISTING PROCEDURES, INCLUDING THE POSSIBILITY OF
GENERIC RULEMAKING WHERE THIS 1S JUSTIFIABLE. |

TO IMPLEMENT THIS POLICY, WE WILL BE ASKING THE OWNERS OF
OPERATING NUCLEAR PLANTS IN THE U.S. TO PERFORM A SYSTEMATIC
EVALUATION OF THEIR PLANT'S DESIGN TO SEARCH FOR WHAT WE CALL
“SEVERE ACCIDENT VULNERABILITIES.” THE INDUSTRY HAS RESPONDED TO
THE SEVERE ACCIDENT POLICY AND HAS SET UP AN INDUSTRY~WIDE GROUP,
KNOWN AS IDCOR, TO DEVELOP THE METHODOLOGY TO BE USED IN THIS
EVALUATION, AND TO PROVIDE OVERALL INDUSTRY COORDINATION., TO DATE

AEY HAVE ANALYZED FOUR REFERENCE PLANTS AND DEVELOPED A
METHODOLOGY FOR THE EXAMINATION OF INDIVIDUAL PLANTS. THIS
METHODOLOGY IS CURRENTLY UNDER STAFF REVIEW. THE NRC STRONGLY
SUPPORTS THE IDCOR EFFORT AND UNDERSCORES THE NEED FOR THIS
PROGRAM TO GO FORWARD RAPIDLY.

I WOULD LIKE TO NOTE THAT THERE 1S ONE NRC-LICENSED COMMERCIAL
NUCLEAR POWER PLANT IN THE U.S,, THE FORT ST. VRAIN PLANT IN
COLORADO, THAT HAS A GAS-COOLED, GRAPHITE MODERATED REACTOR. IN
VIEW OF THE SOVIET REACTOR ACCIDENT AT CHERNOBYL, THE STAFF
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RELAnancD THE ORIGINAL LICENSING BASES FOR THE FORT ST. VRAIN
FACILITY, OUR REVIEW REVISITED BOTH THE DESIGN FEATURES OF FORT
ST. VRAIN AND THE ACCIDENT ANALYSES DONE AT THE TIME OF LICENSING.
WE ALSO REQUESTED THAT THE LICENSEE EXAMINE CERTAIN BEYOND-DESIGN
.BASIS EVENTS, IN ORDER TO UNDERSTAND THE IMPLICATIONS OF SUCH
EVENTS.

IN LICENSING FORT ST, VRAIN, THE STAFF EXAMINED A NUMBER OF
ACCIDENT SCENARIOS CONSIDERED CREDIBLE FOR THIS TYPE OF REACTOR,
INCLUDING EVENTS INVOLVING MULTIPLE FAILURES. THE STAFF FOUND
THEN AND HAS REAFFIRMED THAT THE CONSEQUENCES OF THESE ACCIDENTS
ARE WITHIN THE COMMISSION'S LIMITS SET FORTH IN 10 CFR PArRT 100,
ADDITIONALLY, THE LICENSEE WAS REQUESTED BY THE STAFF TO EXAMINE
THE ~ONSEQUENCES OF RAPID OXIDATION OF THE GRAPHITE CORE, ALTHOUGH
A CREDIBLE MECHANISM FOR SUCH AN EVENT COULD NOT BE IDENTIFIED,
T4E OFFSITE DOSES RESULTING FROM SUCH A POSTULATED EVENT WERE
CALCULATED TO BE WITHIN THE 10 CFR PART 100 LIMITS AT THE Low
POPULATION ZONE BOUNDARY,

BASED UPON ITS EVALUATIONS, THE STAFF HAS DETERMINED THAT NO ADDI-
TIONAL ACTION NEEDS TO BE TAKEN TO ENSURE THAT THE HEALTH AND
SAFETY OF THE PUBLIC 1S ADEQUATELY PROTECTED DURING CONTINUED
OPERATION OF THE FORT ST. VRAIN REACTOR.
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YOU ALSO ASKED WHAT THE MOST SIGNIFICANT UNRESOLVED SAFETY
PROBLEMS AT U.S. REACTORS ARE, LET ME PREFACE MY REMARKS BY
STATING THAT IT IS THE COMMISSION’S FIRM BELIEF THAT ALL OPERATING
REACTORS IN THE U.S. TODAY ARE OPERATING AT A LEVEL OF SAFETY THAT
ENSURES THAT THE HEALTH AND SAFETY OF THE PUBLIC IS ADEQUATELY
PROTECTED. THE ISSUES, OR PROBLEMS, BEFORE THE COMMISSION TODAY
t..YE BEEN CODIFIED, AS 1 AM SURE YOU ARE AWARE, AS EITHER
UNRESOLVED SAFETY ]SSUES (USI’S) OR GENERIC SAFETY ISSUES.

QF THE UNRESOLVED SAFETY ]SSUES PENDING FINAL RESOLUTION, THE
THREE MOST SIGNIFICANT AND HIGHEST PRIORITY ARE: (1) USI A-44,
"STATION BLAackouTt”, (2) USI A-45, “SHUTDOWN DECAY HEAT REMOVAL
REQUIREMENTSY, AND (3) USI A-47, "SAFETY IMPLICATIONS OF CONTROL
SyrTic”, A PROPOSED RULE FOR STATION BLACKOUT HAS BEEN ISSUED
FOR COMMENT; SHUTDOWN DECAY HEAT REMOVAL HAS BEEN ADDRESSED

" SHNICALLY BUT FINAL RESOLUTION PENDS COMMISSION ACTION ON
STATION BLACKOUT; AND SAFETY IMPLICATIONS OF CONTROL SYSTEMS IS
SCHEDULED FOR COMMISSION REVIEW THIS FALL,

IN ADDITION To USI’S, THERE ARE GENERIC SAFETY ISSUES. THESE
ISSUES ARE CATEGOR1ZED AS EITHER HIGH, MEDIUM, or LOW PRIORITY,
DEPENDING UPON THEIR SAFETY SIGNIFICANCE. THERE ARE A NUMBER OF
HIGH PRIORITY ISSUES FOR WHICH RESOLUTION HAS NOT BEEN REACHED,
HOWEVER, THE L1ST OF SUCH GENERIC SAFETY ISSUES IS A LIVING LIST
WITH ISSUES BEING ADDED AND CLOSED OUT ON A CONTINUING BASIS.
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BOTH THE UNRESOLVED SAFETY ISSUES, AS WELL AS THE GENERIC SAFETY
ISSUES, PRIMARILY ADDRESS TECHNICAL AREAS WHICH THE CoMMISSION
BELIEVES ARE BEING TREATED ADEQUATELY AND APPROPRIATELY IN THE
REGULATORY PROCESS, BUT HAVE A RESIDUAL UNCERTAINTY ASSOCIATED
WITH THEM THAT 1S LARGER THAN DESIRABLE. THUS, OUR EFFORTS ON
THESE ISSUES ARE EITHER TO REDUCE THESE UNCERTAINTIES TO CONFIRM

JR ORIGINAL JUDGMENTS, OR TO -CONSIDER THE IMPOSITION OF COMPEN-
SATING FEATURES, FOR EXAMPLE, BACKFITS, TO ACHIEVE THE NECESSARY
LEVEL OF CONFIDENCE.

YOU ASKED WHAT ARE THE PROBABILITIES AND CONSEQUENCES OF A SEVERE
REACTOR ACCIDENT IN THE U.S. DUE TO THE WIDE VARIABILITY OF
NUCLEAR PLANT DESIGNS AND NUCLEAR PLANT SITES IN THE U.S,, IT IS
NOT POSSIBLE TO PROVIDE YOU WITH A PRECISE ANSWER FOR EACH AND
_EVERY PLANT,

AS STATED IN THE SUPPLEMENTAL MATERIAL PROVIDED BY THE NRC FOR THE
APRIL 17, 1985 HEARING BEFORE THE SUBCOMMITTEE, THERE ARE REASONS
TO SUSPECT THAT ‘THE ASSUMED VALUE OF 107" PER REACTOR YEAR MIGHT
BE CONSERVATIVE., INDEED, MORE RecéNT ANALYSES APPEAR TO BEAR THIS
OUT. RECENTLY, THE OFFICE OF NUCLEAR REGULATORY RESEARCH HAS BEEN
REBASELINING THE RISKS FROM FIVE REFERENCE PLANTS USING UP-TO-DATE
PLANT INFORMATION AND PRA TECHNIQUES TO ESTIMATE THE MEAN VALUE OF
THE FREQUENCY OF SEVERE CORE DAMAGE ACCIDENTS DUE .TO INTERNAL



-9-

ACCIDENT INDICATORS. THESE RESULTS WILL BE PUBLISHED IN SEPTEMBER
AS DRAFT NUREG-1150.

IN THIS PROCESS, THE STAFF 1S LOOKING INTO THE EFFECT OF CHANGES
IN THE RECENT PAST WHICH HAVE BEEN INCORPORATED 1IN THE REFERENCE
PLANTS; THESE INCLUDE NOT ONLY POST-TMI MANDATED CHANGES BUT OTHER
~EFINEMENTS IDENTIFIED IN PRA ANALYSIS TO IMPROVE RELIABILITY.
PRELIMINARY WORK SO FAR INDICATES THAT IMPROVEMENTS HAVE LOWERED
THE SEVERE CORE DAMAGE FREQUENCY FROM INTERNAL EVENTS TO LEVELS AS
LOW AS 1 X 10'S PER REACTOR YEAR, EVEN IN THESE PLANTS NOT ALL OF
THE POTENTIALLY PRACTICAL RELIABILITY IMPROVEMENTS HAVE BEEN MADE,

To UNDERSTAND THE POTENTIAL INDUSTRY-WIDE SIGNIFICANCE OF THIS
RELTABTLITY IMPROVEMENT PROCESS, WHICH IS STILL GOING ON, ONE
MIGHT POSTULATE THAT THESE INTERIM VALUES REPRESENT INDUSTRY

VERAGES FOR REACTORS OF THESE TYPES. IN THIS CASE THE INDUSTRY
AVERAGE SEVERE CORE DAMAGE FREQUENCY WOULD BECOME ABOUT & X 1072
PER REACTOR YEAR., AND THE LIKELIHOOD OF A SEVERE CORE DAMAGE |
ACCIDENT OCCURRING IN THE NEXT 20 YEARS IN A POPULATION OF 100
PLANTS wouLD BE 0.12, oR ONE CHANCE IN 8., THE NRC STAFF BELIEVES
THAT SUCH REDUCTIONS IN SEVERE CORE DAMAGE FREQUENCY CAN INDEED BE
ACHIEVED OR EVEN IMPROVED FURTHER, BY FULL IMPLEMENTATION OF THE
TMI FIXES AND AGGRESSIVE IMPLEMENTATION OF THE COMMISSION’S SEVERE
ACCIDENT POLICY STATEMENT,
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I SHOULD NOTE THAT SEVERE CORE DAMAGE 1S THE STATE THAT IS
QUANTIFIED IN PRAS, AND IT IS DEFINED AS THE SITUATION WHERE THERE
IS INSUFFICIENT CORE COOLING TO MAINTAIN FUEL INTEGRITY, HOWEVER,
SEVERE CORE DAMAGE MIGHT NOT PROCEED TO EXTENSIVE MELTING AND
PENETRATION OF THE REACTOR PRESSURE VESSEL, AS EXEMPLIFIED BY THE
TMI-2 ACCIDENT. WE CANNOT AT PRESENT QUANTIFY THE DISTINCTION
BETWEEN SEVERE CORE DAMAGE AND A “CORE MELT” THAT PENETRATES THE
VESSEL.

FINALLY, YOU ASKED TO BE BROUGHT UP TO DATE REGARDING THE RADIO-
| LOGICAL CONSEQUENCES OF THE CHERNOBYL MELTDOWN. AS I AM SURE YoQU
ARE AWARE, THE SOVIET UNION HAS REPORTED THAT 299 PEOPLE WERE
HOSPITALIZED AS A RESULT OF -RADIATION RELEASED DURING THE
ACCIDENT, THEY HAVE REPORTED 13 PEOPLE HAVE DIED TO DATE,
. THE MOST SEVERE RADIOLOGICAL CONSEQUENCES OCCURRED IN THE SOVIET
_NION., ELEVATED LEVELS OF RADIOACTIVITY WERE REPORTED ESSENTIALLY
WORLD-WIDE, LEVELS MEASURED AT SOME LOCATIONS IN THE UNITED
STATES WERE ELEVATED, WHICH WITH ONE EXCEPTION THE FDA HAS FOUND
TO BE BELOW LEVELS AT WHICH PRECAUTIONARY MEASURES WOULD BE
INSTITUTED,

WE HAVEN’'T HAD THE TIME TO PROVIDE WRITTEN RESPONSES TO THE MANY
QUESTIONS YOU ASKED IN YOUR LETTER OF INVITATION, MR, CHAIRMAN,
HOWEVER, WE WILL PROVIDE THOSE RESPONSES AS SOON AS POSSIBLE,
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WE HAVE WITH US TODAY STAFF MEMBERS WHO WORKED ON THE CHERNOBYL
INCIDENT TRACKING TEAM, AS WELL AS OTHER STAFF MEMBERS, THEY ARE

PREPARED TO FURTHER DISCUSS THE ACCIDENT AT THIS TIME AND TO HELP
RESPOND TO YOUR QUESTIONS,



