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divided into fou r categories, as follow s:
(1)

IAEA Safety Standards. Publications in this category comprise the Agency’s
safety standards as defined in “ The Agency’s Safety Standards and Measures” ,
approved by the Agency’s Board o f Governors on 25 February 1976 and set
forth in IAEA document INFCIRC/18/Rev. 1. They are issued under the
authority o f the Board o f Governors, and are mandatory for the Agency’ s
own operations and for Agency-assisted operations. Such standards
comprise the Agency’s basic safety standards, the Agency’s specialized
regulations and the Agency’s codes o f practice. The covers are distinguished
by the wide red band on the lower half.

(2)

IAEA Safety Guides. As stated in IAEA document INFCIRC/18/Rev. 1,
referred to above, IAEA Safety Guides supplement IAEA Safety Standards
and recommend a procedure or procedures that might be followed in
implementing them. They are issued under the authority o f the Director
General o f the Agency. The covers are distinguished by the wide green band
on the lower half.

(3)

Recommendations. Publications in this category, containing general
recommendations on safety practices, are issued under the authority o f
the Director General o f the Agency. The covers are distinguished by the
wide brown band on the lower half.

(4)

Procedures and Data. Publications in this category contain information on
procedures, techniques and criteria pertaining to safety matters. They are
issued under the authority o f the Director General o f the Agency. The
covers are distinguished by the wide blue band on the lower half.
N ote: The covers o f publications brought ou t within the framework o f the
NUSS (Nuclear Safety Standards) Programme are distinguished by the wide
yellow band on the upper half.
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FOREWORD

This present Code o f Practice on

the Safe Operation o f Research

Reactors and Critical Assemblies is a revision o f the 1971 edition.

It reflects

significant developments which have occurred since 1971 in several safetyrelated areas (e.g. quality assurance, radiological protection, emergency planning
and security).

In addition, the present C ode reflects the valuable worldwide

operating experience that has been accumulated, including experience in
applying the requirements o f the 1971 edition o f the Code to reactor operations.
For the development o f the revised Code, the International A tom ic Energy
Agency convened four Working Groups and two Technical Committees during
the period 1981 to 1983.

In addition, the Code was approved by the Board

o f Governors on 6 O ctober 1983, as part o f the A gency’ s safety standards to
be applied, as appropriate, to operations undertaken by Member States with
assistance o f the Agency.

The Board, in approving the publication o f the

present Code, also recommended all Member States that engage or expect to
engage in the operation o f research reactors and critical assemblies to take the
Code into account in the formulation o f national regulations or in carrying out
other regulatory functions.
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CODE OF PRACTICE

1.

INTRODUCTION

1.1. The safe operation o f research reactors and critical assemblies (hereafter
termed ‘reactors’ ) requires proper design, construction, management and
supervision. This Code o f Practice deals mainly with management and
supervision. The provisions o f the Code apply to the whole life o f the
reactor, including modification, updating and upgrading. The Code may
be subject to revision in the light o f experience and the state o f technology.
1.2. The Code is aimed at defining minimum requirements for the safe operation
o f reactors. Emphasis is placed on which safety requirements should be met
rather than on specifying how these requirements may be met.
1.3. The Code also provides guidance and information to persons and authorities
responsible for the operation o f reactors.
1.4. The Code recommends that documents dealing with the operation o f reactors
and including safety analyses be prepared and submitted for review and
approval to a regulatory body. Operation would be authorized on the
understanding that it would comply with limits and conditions designed to
ensure safety.
1.5. The Code covers a wide range o f reactor types, which gives rise to a variety
o f safety issues.
Safety issues applicable to specific reactor types only
(e.g. fast reactors) are not necessarily covered in this Code. Some o f the
recommendations in the Code are not directly applicable to critical
assemblies. A recommendation may therefore be interpreted according
' to the type o f reactor concerned. In such cases the words ‘adequate’ and
‘ appropriate’ are used to mean ‘ adequate’ or ‘appropriate’ for the type o f
reactor under consideration.

•

1.6. A Government which wishes to enter into an agreement with the International
Atomic Energy Agency concerning the design, construction, operation,
experimental use, decommissioning, or safety evaluation o f a reactor will
be asked to follow the recommendations in the Code. It should be noted,
however, that the Code does.not specify the details which should be
employed to meet these recommendations.
1.7. In the Code, the word ‘ shall’ is used to denote a firm requirement, the word
‘should’ to denote a desirable option, and the word ‘may’ to denote
permission (neither a requirement nor a desirable option).

3
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1.8. The footnotes, annexes, references and bibliography are included only to
provide information or practical examples that might be helpful to the user.
They are to be considered neither as an integral part o f the Code nor to have
the same status as the Code.
1.9. A list o f relevant definitions is included and forms a part o f the Code.

2.

REGULATORY SUPERVISION

2.1. In discharging its responsibility for public health and safety, the Government
should ensure that the safety o f the reactor is subject to review by a regulatory
body with experience in the specific problems o f research reactors and critical
assemblies. The composition o f this body and its position within a national
Government structure is a matter o f the discretion o f the Government
concerned. The regulatory body authorized by the Government may be
either a body independent o f the operating organization or a body or
committee o f the operating organization that is independent from the reactor
management.
2.2. Despite regulatory supervision, the reactor manager is directly responsible
for safe operation o f the reactor. However, the regulatory body shall retain
the power to prohibit or require reconsideration o f certain activities if it
considers these actions to be in the interest o f public safety.
2.3. It is essential to the achievement o f their com mon objective (i.e. safe reactor
operation) that the relationship between the regulatory body and the reactor
management be based on mutual understanding and respect. Consequently
the reactor management should regard the regulatory body as a valuable
source o f constructive criticism and technical and administrative assistance,
and the latter should maintain a high level o f understanding o f the economic
and technical problems o f the reactor management.
2.4. The major areas in which the regulatory body may be engaged in carrying out
its responsibilities include the following:
(a)
(b)
(c)
(d)
(e)

4

Establishment o f safety criteria, regulations and guides;
Review and approval o f safety documentation, including approval o f the
limits and conditions important for reactor safety;
Licensing o f reactor;
Licensing o f key operating personnel;
Conduct of, or arrangement to conduct, inspections and audits to ensure
conformance with requirements o f the safety specifications and applicable
regulations, codes and standards;
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(f)

3.

• Review o f safety-related incidents, such as violation o f safety limits,
non-conformance with limiting conditions for safe operation, and
personnel exposure or radioactive discharges beyond specified limits.

SAFETY REPORT

3.1. The safety report or reports shall contain sufficient information to allow
the regulatory body to make an independent assessment o f the safety o f the
reactor. The 'type, scope and detail o f the information provided should be
in accordance with the specific requirements o f the regulatory body. An
example o f the contents o f a safety report is given in Annex A.
3.2. The safety report or reports should include, among other things, the
following:
(a)
(b)

An appropriate description o f the site and its environment;
The purpose o f the reactor with a statement o f the basic safety
principles, including codes, standards and regulations, governing the
design and proposed operation and experimental use o f the reactor.
The basic safety principles to be covered include, among others, a
description o f external and internal initiating events considered for
the design bases and the performance o f safety systems for protection

(c)

(d)
(e)
(f)
(g)

(h)

o f site personnel and the public;
An adequate description o f the reactor systems including purpose,
interfaces, instrumentation, surveillance, maintenance, and performance
in all operational states and accident conditions;
The quality assurance programme described in adequate detail for the
design, procurement, construction, commissioning and operating phases;
An examination o f the safety aspects o f any type o f foreseen experiment
o f safety significance expected to be performed in the reactor;
A review o f operational experience on similar reactor systems, where
appropriate;
A safety analysis o f postulated initiating events and their consequences
containing sufficient information and calculations to enable an indepen
dent assessment;
The safety specifications for operation o f the reactor, and, where appli
cable, its experimental devices, including:
i.
the safety limits and safety system settings;
ii. limiting .conditions for safe operation;
•iii.
iv.

surveillance requirements;
administrative and organizational requirements.

5
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These specifications, termed in some Member States as Technical Specifica
tions, may either be a part o f the safety report or be incorporated into
separate document(s). Annex B contains examples o f such safety
specifications.
3.3. Depending on national practices, various methods may be adopted for
continuing interaction between the regulatory body and the operating
organization. Typical stages for the development o f the safety report or
reports from the conceptual to the operating phase which may be adopted
are as follows:
(a)
(b)

Preliminary safety information submitted in the early stages o f design
and construction describing the principal safety features;
Pre-operational safety documentation in sufficient detail describing
the actual safety features o f the completed reactor;

(c)

Final safety documentation confirming the validity o f the preoperational safety documentation and taking into account commission
ing experience and results.

Whatever practice is adopted, a safety report shall always be submitted by the
operating organization and approved by the regulatory body before initial
fuel loading.
3.4. The safety report (or parts thereof) may be updated occasionally and the
need for updating should be reviewed periodically. The need for such
updating may be recommended by the operating organization or by the
regulatory body. The factors that may be taken into consideration in
identifying the need include:

4.

(a)
(b)
(c)
(d)
(e)
(f)

The age or operating history o f the reactor;
The length o f time since the previous updating o f the
report;
The extent o f modifications to the reactor since that updating;
The conditions o f the licence;
Operational occurrences;
The state o f the existing documentation;

(g)

Technological developments.

SAFETY ANALYSIS

4.1. The evaluation o f the safety o f a reactor should include analyses o f the
response o f the reactor to a range o f postulated initiating events (such as
malfunctions or failures o f equipment, operator errors, or external events)
which could lead either to anticipated operational occurrences or to accident

6
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conditions. Where applicable, the evaluation should also include consideration
o f the experimental devices both as to their own safety aspects and their
effect on the reactor. Such safety analyses are necessary to demonstrate that
the overall risk o f operation, or the safety margins, are acceptable. These
analyses form the basis for the selection o f the safety specifications for the
reactor.
4.2. It is required that the postulated initiating events and their consequences be
considered in the safety analysis and be presented in a manner that:
(a)

Shall ensure that a sufficiently broad spectrum o f accidents has been

(b)

considered;
May categorize the accidents by type so that only the limiting cases in
. each group need to be quantitatively analysed;

(c)
(d)

Should indicate the course o f events and'the likely consequences for
those limiting cases;
Shall demonstrate that the risk or the safety margin associated with the
operation o f the reactor is o f a level acceptable to the regulatory body.

4.3. For each accident sequence considered, the extent to which the safety
systems and any unfailed process systems are required to function under
. accident conditions should be indicated. A diagrammatic representation
such as an event tree may be helpful.
4.4. Each o f the postulated, initiating;events may be assigned to one or more
o f the following categories o f process disturbances:
(a)

Decrease in heat removal by the reactor cooling.system;

(b)

Decrease in heat removal by the secondary cooling system (loss o f heat
sink):
Reactivity insertions and power distribution anomalies;
Changes in inventory or pressure o f the reactor coolant;
Radioactive release from a subsystem or component;
Natural or man-induced events (e.g. electric power failure, operator
errors).
'

(c)
(d)
(e)
•(f)

4.5. As failures could range from'relatively frequent initiating events with no
radiological consequences to highly improbable events having more serious
consequences, there is a need to compare these events and select those
which shall be analysed in detail:
4.6. The analyses for the postulated initiating events shall demonstrate in each
case that the inherent or engineered safety features will keep the Consequences
o f each event within values acceptable to the regulatory body.

7
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4.7. The results may ultimately be described in terms o f the likelihood o f the
events and the magnitude o f their consequences expressed in the following
form: (a) the extent o f the damage to the barriers between the source o f
radioactivity and the public; and (b) the predicted radiation doses to the
public and the site personnel.

5.

LIMITS AND CONDITIONS

5.1. A set o f limits and conditions important to reactor safety, which includes
safety limits, safety system settings, and limiting conditions for safe operation,
should be submitted to the regulatory body for review and approval (see
Section 3.2 (h)).
5.2. Safety limits are ultimate limits assigned to important process variables or
parameters to ensure safe operation and to prevent undue personnel exposure
and release o f undue amounts o f radioactivity. Such safety limits should
generally be defined in terms o f maximum and/or minimum values, as
appropriate, within which the variables or parameters should remain during
all operational states.
5.3. Safety system settings (e.g. trip settings) shall be such as would actuate
appropriate automatic protective devices to prevent violation o f any safety
limit and shall take into account system transient behaviour, equipment
response time, and inaccuracy o f the measuring devices. In cases where the
safety limit is not directly measured (e.g. fuel temperature), safety systems
settings for other related variables shall be specified, as appropriate, to
prevent violation o f the safety limit.
5.4. Limiting conditions for safe operation are those administratively established
constraints on equipment and operation which shall be adhered to in each o f
the operational states o f the reactor. These are the minimum requirements
for staffing and for functional capability or performance level o f equipment
assumed in the applicable safety documentation.
5.5. The selection o f values for safety limits, safety system settings, and limiting
conditions shall be derived from the safety analysis (in particular the accident
analysis) o f the reactor and be consistent with the safety analysis and the
current condition o f the reactor (e.g. whether any changes or modifications
have been made). Those in use at any time shall be consistent with the opera
tional state o f the reactor at that time.

8'
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5.6. Reactor safety systems normally include features such that failure o f equip
ment does not result in a decrease in the level o f safety o f the reactor.
However, if a failure is detected which could lead to a decrease in the level
o f safety, action shall be taken by the reactor operating group to ensure that
the safety o f the reactor is not jeopardized (e.g. reduction o f reactor power,
replacement o f failed instrumentation, putting a failed channel into the
tripped, i.e. safer state).
5.7. Where a safety limit is violated the reactor shall be shut down and maintained
in a safe condition. The regulatory body shall be promptly notified and a
review shall be carried out by the:operating organization before subsequent
startup o f the reactor.
5.8. Where a limiting condition for safe operation is not satisfied, the operating
personnel shall take appropriate actions to ensure safety. The reactor manage
ment should conduct an investigation o f the cause and consequences and take
appropriate actions to prevent a recurrence. The regulatory body should be
notified.

6.

PERIODIC TESTING AND INSPECTION

6.1. The reactor manager shall arrange for conduct o f periodic testing and
inspection to ensure: (a) compliance with safety specifications (see
Section 3 .2(h )); and (b) that the safety status o f the reactor has not
deteriorated since initial commissioning. It is one o f the functions o f the
regulatory body to satisfy itself that these aims have been achieved.
6.2. The requirements for periodic testing and inspection o f equipment and the
frequency o f such tests and inspections may have a significant influence
on the system design. These requirements should therefore be formulated
at an early stage and, when possible, be taken account o f in the design.
6.3. Before initial fuel loading, the reactor manager shall prepare an adequate
programme o f periodic testing and inspection o f those structures, systems
and components that are essential to safe operation. This programme shall
be approved by the regulatory body, either as part o f the safety report or
the safety specifications or other documents.
6.4. The frequency o f periodic testing and inspection o f individual structures,
systems, and components should be such as to achieve a sufficient degree o f
their reliability, taking into account: (a) their relative importance to safety;

9
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(b) the likelihood o f their, failure to function as intended; and (e) require
ments established in the safety analysis. The testing frequency may have to
be adjusted as experience is gained.
6.5.' All periodic inspection and testing should be carried out in accordance with
written instructions (see Section 8.2) and so as to ensure that the level o f
safety is not jeopardized (i.e. in the same manner as for maintenance; see
Section 10.3).
6.6. The results o f periodic testing and inspection should be1reviewed to verify
compliance with the safety sp.ecifications. Comparison should be made, where
appropriate, with the results o f previous inspections and tests to identify
potential failures and take timely corrective action. The results o f the inspec
tions and tests should be available for review by the regulatory body. '
•6.7. When periodic testing or inspection reveals a non-conformance with the safety
system settings or limiting conditions for safe operation of. the reactor, then
this shall be rectified immediately where practicable. If the fault or non
conformance is such that the equipment can be placed in a state which does
not reduce the level o f safety o f the reactor or if additional administrative
measures can be taken to ensure safety, then the reactor may continue to
operate in this condition for a limited period. Otherwise, the reactor shall be
shut down or remain shut down until the fault or non-conformance is
rectified.
6.8. The regulatory body should at appropriate times review the administrative
. records, operational records and records o f safety-related inspections and
tests performed by the operating organization.
,
6.9. The regulatory body should reserve the right to require specific.inspections
to be carried out by. the. operating organization and. to be witnessed by the
staff o f the regulatory body or by independent experts.

7.

MANAGEMENT

7.1. The operating organization has,the overall responsibility for the safety o f
the reactor and the reactor manager has the direct responsibility for the
safety o f the reactor.
It shall be the responsibility o f the operating organization to ensure that:

10

(a)

The design enables the reactor to be operated safely ; ■

(b)

The reactor is constructed in accordance with the approved design;
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(c)

(d)

(e)

The reactor is tested during commissioning to demonstrate that the
design requirements have been met and that it can be operated in■accordance:with design assumptions-and intent;
The reactor and its experiments are being operated and maintained
in accordance with the safety documentation by competent persons
who are adequately trained;
Adequate facilities and services are available and in a timely manner
during operation.

The operating organization shall satisfy itself that the reactor management
personnel are sufficiently qualified to perform their functions and should
delegate sufficient authorities and capabilities to the reactor manager.
7.2. The reactor manager shall clearly set out in writing the duties, responsibilities
arid qualifications o f operating personnel and their lines o f communication
and this may be included in the general operating rules. Other personnel
involved in operation or use o f the reactor"(e.g. technical support personnel,
experimentalists) should also have their duties, responsibilities-and liries o f
communication clearly set out in writing. A list o f persons currently
authorized for the various duties should be available in the control room.
7.3. Any member o f the reactor operating-group should have full authority to
shut down the reactor in the interest o f safety, using one o f the emergency
shutdown buttons (or equivalent devices) provided for this purpose.
7.4. The reactor manager shall be responsible for ensuring that the staff selected
for reactor operation are given the training necessary for the safe and efficient
operation o f the reactor. This shall include adequate training, in the procedures
to be followed both in all operational states and in accident conditions. The
manager should also be responsible for.evaluating the training and retraining
o f the members o f the operating staff. .
.
7.5. Notwithstanding the independent health physics staff (see Section 13.9),
the operating staff should be given extensive training in health physics.
7.6. The minimum staffing requirements shall be specified for all operational
states o f the reactor, both in terms o f the number o f personnel and the duties
for which they are required to be authorized. The person in direct operational
control o f the reactor shall be clearly identified at all times.
7.7. There should be the capability within the reactor management to review
independently the safety o f proposed operations, modifications or
experiments.

11
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7.8. The operating organization or the reactor manager may call upon advisors
to review safety aspects arising in the commissioning, operation, maintenance,
inspection and modification o f the reactor and experiments. In some cases an
expert advisory group or committee may be established for this purpose.
7.9. The programme for the operation and experimental use o f the reactor shall
be prepared in advance and shall be approved by the reactor manager.

8.

OPERATING INSTRUCTIONS

8.1. A set o f general operating rules including administrative and organizational
requirements (see Section 3.2 (h)) shall be issued by the operating organization
after review and approval by the regulatory body, These general operating
rules should, be supplemented by specific operating instructions or procedures
on the safe operation and use o f the reactor prepared and issued before initial
fuel loading. These instructions should be developed, by the reactor operating
group in co-operation with the designer and manufacturer and with other
staff o f the operating organization arid approved by the reactor manager.
The operating instructions may be modified with the approval o f the reactor
manager provided that the general operating rules are observed. These instruc
tions should be available to the regulatory body.
8.2. These written instructions or procedures shall.include instructions for the
following:
(a)
(b)
(c)

Startup, operation, and shutdown o f the reactor and, where appropriate,
experimental devices;
Loading, unloading, and movement within the reactor o f fuel and other
core and reflector components, including experimental devices;
Routine maintenance o f major components or systems that could have
an effect on reactor safety;

(d) Inspections and tests o f structures, systems arid components that may
have an effect on reactor safety, including those specified in the approved
programme o f periodic testing and inspection (see Section 6.3);
(e)
(f)

Personnel radiation protection consistent with applicable regulations;
Authorization o f operation and maintenance and the conduct o f irradia
tions and experiments that could affect reactor safety or reactivity;

(g)

Operator response to appropriate anticipated operational occurrences
and, to the extent feasible, accident conditions;
(h) Emergency actions;
(i) Security;
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(j)

Handling o f radioactive wastes and control and monitoring o f radio
active releases.

For many o f these operations, check-lists may be useful.
8.3. These instructions shall be updated periodically, or earlier if need arises, in
accordance with predetermined internal procedures.
8.4. All personnel involved with the operation and use o f the reactor shall be
adequately and appropriately trained in these instructions and recognize
the necessity to adhere to them.
8.5. All instructions for operation and use o f the reactor shall be consistent with
the approved limits and conditions important to reactor safety (see
Section 5.1).
8.6. When operations not covered by existing written instructions are planned,
an appropriate instruction or procedure, approved by the reactor manager,
should be available before the operation is begun.
8.7. In the event o f an occurrence where safety is jeopardized, operating personnel
should take appropriate action to bring the reactor and/or experiment to a
safe state. The situation should be assessed and, where appropriate, instruc
tions modified or new ones prepared (see Sections 5.7 and 5.8).

9.

RECORDS AND REPORTS

9.1. For safe operation o f the reactor the operating organization should possess
all essential information concerning the design, construction, and operation
o f the reactor before the initial fuel loading and this information shall be
kept up to date during the operational phase. Such information includes
site and environmental data, design specifications, details o f equipment and
material supplied, drawings, and operating and maintenance manuals.
9.2. Relevant commissioning records, including startup test reports, shall be in
the possession o f the operating organization before routine operation begins.
9.3. Information relating to the operation o f the reactor and, where applicable, its
experimental devices, should include records of:
(a)

Routine operating data (e.g. log books, reading sheets, check-lists,
automatically recorded data);
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(b)
(c)
(d)
(e)

Current operational status (e.g. components out o f service);
Periodic testing and inspection, maintenance, and modifications;
Location and movement o f radioactive sources and fissile materials;
Staff responsibilities and training;

(f)

In-service failures and safety-related occurrences;

(g)

Radiation exposure and medical examinations;

(h)

Radioactive waste storage, radioactive releases and environmental

(i)

monitoring;
Quality assurance.

9.4. Information entries in logbooks, check-lists and. other appropriate records
shall be properly dated and signed.
9.5. Records should be kept for adequate and reasonable retention periods, taking
into account, where appropriate, the regulatory requirements.
9.6. Periodic summary reports on matters relating to safety should be prepared
by the operating organization and submitted to the regulatory body. In
addition the regulatory body may specify certain categories o f occurrences
for which it will require separate reports. The scope and timing o f such
reports should be proposed by the operating organization and agreed by the
-regulatory body.

10.

MAINTENANCE

10.1.

There shall be a written maintenance programme for the reactor equipment.
Maintenance o f the reactor shall be o f such a standard and performed with
such a frequency as to ensure the reliability and effectiveness o f all equip
ment having a bearing on safety.

10.2.

There shall.be a clearly defined structure o f responsibilities for all aspects
o f maintenance.

10.3.

The decision to carry out maintenance work on installed equipment, to
remove equipment from operation for maintenance purposes, or to reinstall
equipment after maintenance shall be: (a) the overall responsibility o f the
reactor manager; and (b) made with due regard to maintaining the level
o f safety o f the reactor as specified in the safety specifications.

10.4.

Only personnel specifically.authorized for those duties by the reactor
manager may remove, replace, repair or service items important to safety.
The responsibility for co-ordinating the work may be delegated to the
person in operational control o f the reactor.
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10.5
A system o f work permits should be used for maintenance work, including
. ■. appropriate check-off procedures before and after the conduct o f the work.
■ This is to ensure that; all work is conducted with the knowledge and per
mission o f the person in operational control o f the reactor and that both
the safety o f the reactor and the safety o f the personnel doing the main
tenance are ensured.
10.6.

Following maintenance, equipment shall be inspected and, where necessary,
tested and shown to be adequate for its purpose.
•

10.7.

Resumption o f normal operation should only be permitted by the person
who is responsible for co-ordinating the maintenance work (seeSection 10.4) after acknowledgement and approval o f the inspection
and testing.

10.8.

In the development o f the overall maintenance programme, consideration
should be given to the provision o f adequate numbers o f replacement parts
and components for items important to safety.

11.
11.1.

COMMISSIONING
An adequate programme o f commissioning tests shall be prepared for the
purpose o f demonstrating that the design objectives have been achieved. •
This'programme shall be submitted to the regulatory body for review and
approval. Accordingly, the test programme and associated procedures
should be prepared in advance by the operating organization in
co-operation with the designers and manufacturers.

11.2.

Commissioning tests should be arranged in functional groups and, where
applicable, in a logical sequence. No test sequence shall proceed unless
the required previous steps have been completed successfully.

11.3.

Documentation covering the scope and sequence o f these tests shall be
prepared in appropriate detail. It should include the following:
(a)

Purpose o f the test and results expected;

(b)

Safety provisions required to be in force during the te s t;.

(c)
(d)

Test procedure;
Test reports which include summary o f data collected and their
analyses, evaluation o f results, identification o f deficiencies, if any,
and corrective action. .
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11.4.

12.
12.1.

Close liaison should be maintained between the regulatory body and the
operating organization throughout the whole commissioning programme.
In particular the results o f tests directly affecting safety shall be available
to the regulatory body.

MODIFICATIONS AND EXPERIMENTS
Modifications and experiments having safety significance should be
submitted for review and approval by the regulatory body. These modifica
tions and experiments will be those which:
(a)

Involve changes in the approved safety limits;

(b)

Involve changes in the approved limiting conditions for
operation;
Affect items important to safety;

(c)
(d)

12.2.

13.
13.1.

safe

Entail hazards different in nature or more likely tooccur than
previously considered.

Proposals for other modifications and experiments should be reviewed
at least by an independent member o f the reactor management and
approved by the reactor manager before implementation. A record o f
these actions should be made available to the regulatory body.

RADIOLOGICAL PROTECTION
There are two distinct conditions under which radiation exposure o f
personnel can occur. These are:
(a)

(b)

Conditions where the radioactive source is under control and exposure
can be limited by control measures (e.g. containment, shielding),
sometimes referred to as normal exposure conditions;
Conditions where control over the radioactive source is lost and where
exposure can only be limited by remedial actions. Sometimes these
are referred to as abnormal or accident exposure conditions.

13.2.

For normal exposure conditions, the main aims o f radiological protection
are to avoid any unnecessary exposure to radiation and to keep unavoidable
exposure as low as reasonably achievable, social and econom ic considerations
being taken into account, while respecting individual dose limits.1 For this

1 Additional inform ation on the subject can be found in R e f.fl],
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purpose the radiation exposure o f site personnel and members o f the public
under all operational states shall be in conform ity with the requirements o f
the competent authority.
13.3.

Taking into account the particular characteristics o f the reactor, reference
levels for radiation doses should be established by the operating organization
for its own use to assist the reactor management in ensuring, that radiation
doses are as low as reasonably achievable and that individual limits are not
exceeded. 2 If the reference level is exceeded, the operating organization
should investigate the matter for corrective action.

13.4.

.

Taking account o f the particular site characteristics, radioactive release
limits should be established for approval by the regulatory b od y.3 These
limits should be included in the safety specifications. Reference levels
should be established by the operating organization for its own use to assist
the reactor management in ensuring that radiation doses are as low as
reasonably achievable and individual dose limits are not exceeded. If
reference levels are exceeded, the operating organization should investigate
the matter for corrective action.

13.5.

If the limit for either personnel exposure or radioactive releases is
exceeded, the regulatory body and/or competent authority shall be
informed in accordance with their requirements.
1

13.6.

For abnormal or accident conditions the radiological consequences should
be reduced to the extent possible by the measures provided for in the
emergency plans. These may include the use o f protective clothing, masks,
and stable iodine, and medical and.other personnelproviding first,aid,
decontamination, etc. Criteria for use should be stated and, where applic
able, be in accordance with the requirements o f the competent authority.

13.7.

The operating organization shall ensure that the reactor incorporates
adequate provisions for:
(a)

Protection o f reactor personnel against radiation exposure;

(b)
(c)

Instrumentation and equipment for personnel monitoring;
On-site radiological monitoring and surveys;

(d)
(e)
(f)

Environmental radiological monitoring; •
•
Decontamination o f personnel, equipment and structures;
Detecting and recording activity releases.

. 2 One technique for ensuring that radiation doses are as low as reasonably achievable is
presented in R ef.[2],
3 Inform ation on the principles for establishing limits for the release o f radioactive materials
into the environment is presented in R ef.[3].
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13.8.

13.9.

All personnel who may be occupationally exposed shall have their exposure
measured and recorded. Exposure records shall be maintained and reported
to the competent authority and/or the regulatory body in accordance with
established procedures.4 Requirements o f the competent authority for the
periodic medical examination o f personnel shall be complied with.
A staff o f adequate size and training in health physics shall be provided .
to advise on radiological protection and to monitor individual exposures,
radioactive effluents and wastes. These personnel shall be independent
o f the reactor operating group. In some cases, it may be appropriate for
reactor operating personnel to perform routine radiological protection
duties. In either case they shall be adequately trained (see also Section 7.5).

14.
14.1.

EMERGENCY PLANNING
Emergency conditions originating from the operation o f the reactor may
affect to varying degrees the operating staff and other personnel on site
and o f f site. In response to an emergency, action would be taken first by
the operations personnel. Other on-site support service groups and off-site
agencies might become involved depending upon the nature and extent
o f the emergency.

14.2.

Emergency plans shall be prepared by the operating organization in
co-operation, where necessary, with the appropriate governmental and local
authorities or other bodies to ensure the effective co-ordination o f all site
services and external aid in the event o f an emergency. The plans should
allow for different levels o f response according to the severity o f the
emergency.

14.3.

The emergency plans should describe the emergency organization that would
be activated at the reactor and augmented with off-site personnel as
necessary. Responsibilities o f key individuals and groups should be defined.

14.4.

The plans should give specific emergency actions for the different levels
o f response including the following, as appropriate:
(a)
(b)

Identification o f the emergency situation;
Placing the reactor in a safe condition;

in fo r m a tio n on the general principles for m onitoring for radiation protection o f workers
is presented in R ef.[4].
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(c)
(d)
(e)
(f)
(g)
(h)

Providing protective cover, evacuation procedures and personnel
accounting;
Use o f reactor facility emergency equipment and supplies;
Measures to control the spread o f contamination;
Aid to affected personnel including provision for medical facilities
and medical personnel at or near the reactor;
Environmental monitoring;
Notification o f local or government authorities, as specified.

The plans should also identify emergency instrumentation to characterize
the extent o f the emergency situation.
14.5.

Exercises should be conducted, to the extent practicable, at suitable inter
vals. The plans should be reviewed from time to time and amended if
necessary.

15.
15.1.

SECURITY
Unauthorized removal o f radioactive materials including fissile material
from the reactor or sabotage to the reactor could pose a radiological risk
to members o f the public and the operating personnel. Therefore appro
priate measures shall be established by the operating organization to avoid
such unwarranted risks to the extent possible.5

15.2.

The security system- for the reactor should be described in a separate
document which should be kept confidential.

15.3.

Periodic audit o f all radioactive sources and fissile material should be
carried out by the operating organization.

15.4.

Any significant actual or attempted theft o f radioactive materials including
fissile material or actual or attempted acts o f sabotage to the reactor shall
be investigated by the operating organization and reported confidentially
to the competent authority.

5 Additional inform ation on the subject can be found in R ef.[5].
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16.

QUALITY ASSURANCE

16.1.

A quality assurance programme should be established to ensure that all
activities affecting quality have been satisfactorily performed and that,
where necessary, corrective actions have been implemented. The pro
gramme should also provide the necessary documentation to demonstrate
that the required quality has been achieved. The organization and
personnel responsible for this function shall be clearly defined.6

16.2.

17.

The regulatory body should approve the quality assurance plan and carry
out or have carried out on its behalf audits to verify compliance with the
plan.

RADIOACTIVE EFFLUENTS, WASTES AND SPENT FUEL

17.1.

Sufficient and adequate facilities for the handling, storage, and disposal
or removal from the site o f radioactive effluents, wastes and spent fuel
shall be available for the operation o f the reactor and its experimental
devices.

17.2.

The reactor and its experimental devices should be designed and operated
so as to avoid unnecessary production o f radioactive wastes o f all kinds
and to facilitate the handling o f these wastes.

17.3.

Written procedures should be used when collecting, processing and dis
posing o f radioactive wastes and handling spent fuel.

17.4.

Releases o f radioactive effluents shall be monitored and recorded to ensure
that radiological protection criteria are met (see Section 13).

17.5.

Releases o f radioactive effluents shall be reported periodically to the
regulatory body and/or the competent authority in accordance with their
requirements.

17.6.

The transport o f radioactive wastes and spent fuel shall be carried
out in accordance with national regulations and, as appropriate, in
accordance with the IAEA Regulations for the Safe Transport o f Radio
active Materials, which are published as Safety Series No.6 (R ef.[7]).

17.7.

An appropriate record shall be kept o f the quantities and type o f radioactive
wastes and spent fuel removed from the reactor site.

6 Additional information on the subject can be found in R ef.[6].
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18.

DECOMMISSIONING

18.1.

Decommissioning aspects should be given due consideration during the
design, construction and operation o f the reactor and experimental
devices.7 The alternatives that may be considered with respect to
decommissioning are:
(a)
(b)

Protective storage in an intact condition after removal o f all fuel
assemblies and readily removable radioactive components and wastes;
Entombment o f radioactive structures and large components after

(c)

removal o f all fuel assemblies and readily removable radioactive
components and wastes;
Removal o f all radioactive materials and thorough decontamination
o f the remaining structures to permit unrestricted use.

In some cases it may be possible to disassemble the reactor in such a manner
that it could be shipped to. another site for further use.
18.2.

The operating organization shall prepare a decommissioning plan with the
purpose o f ensuring safety during decommissioning and thereafter. The
decommissioning plan shall be submitted to and approved by the regula
tory body before decommissioning activities are begun.

18.3.

The operating organization should keep in mind the aspects o f decom 
missioning during the operational life o f the reactor. Up-to-date drawings
o f the reactor should be kept and experience from handling contaminated
or irradiated structures, systems and components during maintenance or
modification o f the reactor should be recorded to facilitate planning
o f the decommissioning o f the reactor.

D E F IN IT IO N S

Accident conditions. Substantial deviations from operational states which are not
expected to occur during the operating life o f the reactor but which-could lead to
the release o f significant quantities o f radioactive materials or significant exposure
o f personnel.
Anticipated operational occurrences. All operational processes deviating from
normal operation which are expected to occur during the operating life o f the
reactor and which, in view o f appropriate design provisions, do not cause any
significant damage to items important to safety or lead to accident conditions.
7Additional inform ation on the subject can be found in R ef.[8].
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Automatically recorded data. Information which has been recorded automatically
in the course o f reactor operation. This may include information recorded by
chart recorders, data loggers, computerized data acquisition systems, or voice
recorders.
Commissioning. The process during which reactor components and systems,
having been constructed, are made operational and verified to be in accordance
with design assumptions and to have met the performance criteria; it includes
both non-nuclear and nuclear tests.
Competent authority. A national authority designated or otherwise recognized
as such by the Government for a specific purpose.
Critical assembly. An assembly o f sufficient fissionable and other material intended
to sustain a fission chain reaction at a low power level for measurement purposes.
Decommissioning. The process by which a reactor is finally taken out o f operation.
Experimental device. A device or set o f devices installed in or around the reactor
to utilize neutron flux and ionizing radiation from the reactor for research, develop
ment, isotope production or any other purpose.
Items important to safety. The items which comprise:
(a)

Those structures, systems and components whose malfunction or failure
could lead to undue radiation exposure o f the site personnel or members o f
the public;

(b)

Those structures, systems, and components which prevent anticipated
operational occurrences from leading to accident conditions;

(c)

Those features which are provided to mitigate the consequences o f malfunc
tion or failure o f structures, systems or components.

Limiting conditions fo r safe operation. Those administratively established
constraints on equipment and operation adhered to in each o f the operational
states o f the reactor.
Limits and conditions. A set o f rules covering aspects o f operation having a bearing
on the safe operation o f the reactor. These include safety limits, safety system
settings and limiting conditions fo r safe operation.
Maintenance. The activity o f keeping all equipment in good operating condition,
including both preventive and corrective (or repair) aspects.
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Normal operation. Operation o f a reactor within specified limits and conditions
including startup, power operation, shutting down, shutdown, maintenance,
testing and refuelling (see operational states).
Operating organization. The organization authorized by the Government for the
operation o f the reactor.
Operation-. All activities performed to achieve, in a safe manner, the purpose for
which the reactor and associated experimental devices are constructed, including
startup, power operation, shutting down, shutdown, maintenance, refuelling,
in-service inspection and other associated activities.
Operational states. The states defined under normal operation and anticipated
operational occurrences.
Postulated initiating events. Events that lead to anticipated operational occurrences
or accident conditions, their credible causal failure effects and their credible
combinations.
Protective device. A safety device designed and installed to act to ensure that one
or more safety limits are not violated.
Quality assurance. Planned and systematic actions necessary to provide adequate
confidence that an item or facility will perform satisfactorily in service.
Radioactive release limits. Derived limits on radioactive effluent for the purpose
o f limiting radiation exposure o f site personnel and members o f the public to
values which conform to the radiation exposure requirements specified by the
com petent authority or the regulatory body.
Reactor. In this Code the term reactor is used to include a research reactor or a
critical assembly.
Reactor management. The management structure which has been established by
the operating organization for directing the operation o f the reactor. It forms a
part o f the operating organization.
Reactor manager. The single member o f the reactor management who has been
delegated direct responsibility by the operating organization for the operation
o f the reactor and whose duties comprise mainly the discharge o f this responsibility.
Reactor operating group. Personnel working under the reactor manager on reactor
operations activities.
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Reactor site. The area containing the reactor, defined by a boundary and under
effective c o n tr o lo f the reactor manager.
Regulatory body. Either a body authorized by the Government independent
o f the operating organization o f a body or committee o f the operating organization
that is independent o f the reactor management.
Research reactor; A facility used mainly for the generation and utilization o f
neutron1flux and ionizing radiation's for research and other purposes.
Sabotage. Any deliberate act directed against the reactor and associated facilities
which could directly or indirectly endanger the public health and safety by exposure
to radiation.
• •
Safety. Protection o f all persons from undue radiological hazard.
Safety limits.' Ultimate limits assigned to important process variables or parameters
which, if exceeded, could result in undue personnel exposure or release o f undue
amounts o f radioactivity.
Safety specifications. Specifications including safety limits, safety system settings,
limiting conditions fo r safe operation, surveillance requirements, administrative
and organizational requirements (Section 3.2 (h)).
Safety systems. Systems important to safety, provided to ensure, in any condition,
the safe shutdown o f the reactor and heat removal from the core and/or to limit
the consequences o f anticipated operational occurrences and accident conditions.
Safety system settings. The values o f process variables or parameters at which the
operation o f automatic protective devices is initiated.
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Annex A
TYPICAL CONTENTS OF A SAFETY REPORT

1.

INTRODUCTION AND GENERAL DESCRIPTION OF FACILITY .
The first chapter o f the Safety Report should present an introduction to

the report and a general description o f the facility.
1.1. Introduction
This section should briefly present the principal aspects o f the overall
application, a description o f the proposed location o f the facility, the purpose .
o f the reactor, the type o f reactor and its designer, the type o f containment or
reactor building and its designer, and the core power level.
1.2. Historical review
For a facility which is being upgraded and/or for which a new safety report
is being prepared, background information should be included on the operational
history and experience, upratings, and major changes in design.
1.3. General facility description
This section should include a summary o f the principal characteristics o f the
site and a concise description o f the facility. The general arrangement o f the
facility and its equipment should be indicated by drawings in sufficient number
and detail to provide a reasonable understanding o f the general layout and
boundary o f the facility. Features important to safety should be identified.
1.4. Identification o f owner, agents and contractors
This section should identify the owner o f the facility and prime agents or
contractors for design and construction. The principal consultants and outside
service organizations should also be identified.
1.5. Requirements for further technical information
This section should identify those safety features or components for which
further technical information is to be provided in subsequent documents.
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1.6. Material incorporated by reference
This section should provide a tabulation o f references to all topical reports
incorporated by reference as part o f the Safety Report. In this context,
‘ topical reports’ are defined as those that have been prepared by reactor manu
facturers, fuel fabricators, or other organizations and filed separately.
1.7. Licensing procedure
This section should place this report in the overall context o f the licensing
procedure required by the regulatory body.
1.8. Comparison with other facilities
This section should indicate comparisons with other similar facilities either
as reference plants or as examples o f specific operational occurrences or pro
tective measures.
1.9. List o f drawings
This section should provide a list o f the drawings and equipment specifica'tions for the reactor which would be useful as a source o f more detailed
information.

2.

SITE CHARACTERISTICS

This chapter o f the Safety Report should provide information on the
geological, seismological, hydrological, and meteorological characteristics o f
the site and vicinity in conjunction with present and projected population
distribution, land use, site activities and planning controls. The purpose is to
indicate how these site characteristics have influenced plant design and operating
criteria and to show the adequacy o f the site characteristics from a safety
viewpoint. Information should be provided in sufficient detail to support the
analyses and conclusions o f Chapter 16, Safety Analyses.
2.1. Geography and demography
The location o f the facility site should be specified and a site area map
should be provided which indicates facility property and boundary lines;
location and orientation o f principal buildings and equipment; location o f any
industrial, commercial, institutional, recreational, or residential structures;

28

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

nearby highways, roadways and waterways; boundary lines o f the facility
exclusion area; and boundaries for establishing effluent release limits.
A description o f the applicant’s legal rights with respect to all areas that
lie within the designated exclusion area should be presented. Any activities
unrelated to facility operation which will be permitted in the exclusion area
should be described, and the procedures for controlling and evacuating persons
engaged in these activities should be recounted.
The population distribution around the facility, including seasonal and
daily variations, should be presented.
2.2. Nearby industrial, transportation, and military facilities
A discussion o f all present or projected industrial, transportation, or
military facilities which pose a.hazard to the research reactor facility is necessary
to permit an evaluation o f the effect o f potential accidents at these ‘external’
facilities on the reactor. These facilities (o ff site and on site) could include
significant manufacturing or chemical plants, refineries, storage facilities,
mining and quarrying operations, military bases, missile sites, transportation
routes (air, land, water), transportation facilities (docks, anchorages, airports),
oil and gas pipelines, drilling operations and wells, and underground storage
facilities.
2.3. Meteorology
This section should provide a meteorological description o f the site and
its surroundings. Sufficient information should be provided to support the
calculation o f atmospheric dilution factor (x/Q ) at the various boundaries and
zones o f the facility.
2.4. Hydrology engineering
The hydrology o f the site and its environs should be described in sufficient
detail to justify the choices o f hydrologically related design bases, performance
requirements, and bases for operation o f structures, systems, and components
important to safety. Phenomena to be considered may include seismically
induced floods or waves, probable maximum flood, river blockage, diversion
in the river system, and distant or locally generated sea waves.
2.5. Geology, seismology, and geotechnical engineering
The geology o f the site and its environs should be described in sufficient
detail to demonstrate that the geological and seismological restrictions have
not been exceeded.
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Information directed towards establishing the seismic design basis should
be presented. Information should also be provided to: (1) describe whether
or not there exists a potential for surface faulting at the site; and (2) thoroughly
define the conditions and engineering properties o f soil and/or rock
supporting the reactor foundations and slopes (to allow evaluation o f their
stability under static and dynamic loading conditions).

2.6. Oceanography
If the reactor is to be built by the coast, oceanographic and hydrographic
information, including a bathymetric map o f the near-shore area fronting the
reactor location, should be given. The information must include current and
relevant historical data (e.g. exceptional tides, tide-race, etc.) and probable
development plans (e.g. for dikes, jetties and harbours).'
To assess the physical transfer o f heat or movement o f matter, the following
quantitative data are helpful: velocities and directions o f near-shore currents;
thermal stratification o f water layers; salinity; suspended sediment loads;
areas o f high rate o f sediment accumulation; profiles, nature and depths o f water;
bathymetry; table o f tides.

2.7. Baseline radiological levels
A knowledge o f the initial or reference radiological background o f a site is
useful to assess the level o f radiological impact caused by a new installation.
The content o f this section should include a description o f both natural
and artificial radioactivity in air, water and ground (including underground), and
in flora and fauna.
The content will differ, depending on whether the radiological status is
essentially due to natural radioactivity or whether there is a significant artificial
radiological component.
If the site previously had a nuclear installation, it is advisable to provide a
brief description o f incidents which have led to residual activity at the site, if
any have occurred.

2.8. Natural environment, land and water usage
This section deals mainly with the ecological aspects, and more specifically,
the biological aspects o f transfers o f radioactivity to man.
It should contain all information which, combined with details o f the
discharge (nature, activities) and the behaviour o f the radionuclides involved
(transfers), will allow an assessment o f the contamination o f biological chains
and food vectors.
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This information should cover the entire area likely to be involved, taking
into account topographical or meteorological characteristics. ■In the case o f
liquid effluents, the areas to be considered.depend on the water usage down
stream from the discharge point.
A brief inventory o f the flora and fauna should be given, notably the most
characteristic plant species or associations in the area. The information provided
should give an overall qualitative assessment o f problems likely to arise.
Information should be provided on the different agricultural uses o f the
environment, the products directly or indirectly destined for human con
sumption, and the outcom e o f such products. In particular, the information
should include: characteristics o f farming activities (size, type); nature o f
plant production and agronomic practices (crop rotation, irrigation, harvest
periods); kind o f livestock farming and practices used (foraging, watering);
destination o f the overall production (human or animal food, direct consumption,
storage, transformation); distribution circuits (private consumption, local
direct sale, co-operative groups, shipment).
According to the nature o f the site, special attention should be paid to
fishing activities in rivers or seas with recreative, small-scale or industrial
characteristics. In this regard, description should be provided of: category o f
fishing, scope o f activities (volume and duration); kinds o f product and nature
o f the species; kinds o f fishing (industrial, deep-sea, small coastal operation,
professional or recreative angling) and techniques used; distribution o f products
(private consumption, local sale, shipment).

3.

SAFETY PRINCIPLES AND GENERAL DESIGN CRITERIA

This chapter o f the Safety Report should identify, describe, and discuss
the safety principles o f the architectural and engineering design o f the structures,
components, equipment, and systems important to safety.
3.1. Safety principles
The safety principles and philosophy followed in deciding upon the design,
construction and operation o f the reactor should be described. The discussion
should include immunity to single random credible failures, the ‘fail-safe’
principle, redundancy and diversity in safety systems, the provision and
preservation o f barriers to the release o f radioactivity, and the role o f the
operating personnel.
Specific safety objectives and appropriate criteria should be stated to
maintain (a) sufficient core cooling and (b) the ultimate heat sink, etc.
Criteria should.be provided for (a) system initiated (internal) loadings,
which may be thermal-hydraulic and/or mechanical and for (b) external loading.
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In addition, the emissions control philosophy should be discussed. In
particular, the design target for routine airborne and liquid radioactive releases
should be given, along with the bases for the management o f airborne,
liquid, and solid wastes.
3.2. Design criteria
This section should discuss design criteria established in accordance with
the safety principles for the structures, components, equipment, and systems
important to the safety o f the facility. In addition to general criteria, specific
discussion on the following should be included, where appropriate.
3.2.1. Gassification o f structures, components, and systems
If any scheme has been devised for the classification o f structures, components,
and systems for purposes o f analysis, such as for seismic, quality assurance, or
safety analyses, the basis for the classifications and the class list should be
presented.
3.2.2. External even ts
Design criteria for the resistance o f components, structures and systems
to external events should be developed at an early stage. These may include:
(a)

Wind and tornado loadings

Any design considerations for the mitigation o f wind and tornado effects
should be discussed.
(b)

Water level (flood ) design

Based on the hydrological information contained in Chapter 2, the design
measures taken to protect the facility from potential flood situations should
be discussed.
(c)

Missile protection

The design bases and any design features included in the facility for
protection from missiles generated both within and external to the facility, by
natural or man-made phenomena, should be discussed.
(d)

Seismic design
The design bases and features included to mitigate the effects o f earth

quakes should be discussed.
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(e)

Fire and explosions
The design bases and mitigating design features should be discussed.

3.3. Mechanical design methods
Methods for mechanical design and analysis o f systems and components
should be described. This may include discussions o f design transients, computer
programs used, experimental stress analysis, and any programmes for dynamic
testing and analysis o f the mechanical systems and components. Particular
attention should be paid to the reactor pool or vessel, primary coolant system,
and reactivity control devices.

4.

BUILDINGS AND STRUCTURES

4.1. Reactor building
The reactor building and associated ventilation system must be designed,
constructed and operated in such a manner as to keep radioactive waste effluents,
under normal operating or accident conditions, as low as reasonably achievable
(A L A R A ) and within the values indicated in the Safety Report.
A discussion should be presented o f the type o f building and its characteristics
(limited leakage rate containment, double containment for leakage retention,
leak-tight containment). The discussion should cover components (penetrations,
airlocks and doors) and their design bases, resistance to internal and external
events and possible kinds o f aggression, monitoring equipment and operating
modes.
Testing and inspection requirements for leak-tightness should be described.
.The functions ensured by ventilation (input, recirculation, exhaust) should
be described as in the preceding paragraph with, if necessary, distinction made
between the system used during normal operations and the backup system.
The specific efficiency o f the air filters and iodine traps should be given, as
well as testing and inspection requirements.
4.2. Auxiliary structures
Description should be provided o f auxiliary buildings and structures
important to safety, including their design bases.

5.

REACTOR

In this chapter o f the Safety Report, the applicant should provide an
evaluation and supporting information to establish the capability o f the reactor
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to perform its safety functions throughout its design lifetime under all normal
operational modes (including transient and steady-state) and accident con
ditions. This chapter should also include information to support the analyses
presented in Chapter 16, Safety Analyses.
5.1. Summary description
A summary description o f the mechanical, nuclear, and thermal and
hydraulic designs o f the various reactor components, including the fuel, reactor
vessel internals, and reactivity control systems, should be given. The description
should indicate the independent and interrelated performance and safety
functions o f each component. A summary table o f the important design and
performance characteristics should be included. A tabulation o f analysis
techniques used, load conditions considered and names o f verified computer
codes should be provided.
5.2. Fuel system design
The enrichment and design bases for the mechanical, chemical, and thermal
design o f the fuel system that can affect or limit the safe operation o f the
facility should be presented. The description o f the fuel system mechanical
design should include the following aspects: (a) mechanical design limits such
as those for allowable stresses, deflection, cycling, and fatigue; (b) capacity
for fuel fission gas inventory and pressure; (c) a listing o f material properties;
and (d) considerations for radiation damage, materials selection, and normal
operational vibration.
The chemical design should consider all possible fuel/cladding/coolant
interactions. The description o f the thermal design should include such items
as maximum fuel and cladding temperatures and fuel cladding integrity criteria.
Details o f fuel qualification should be included.
The selection o f design bases, actual design description, design evaluation,
and the proposed fuel testing and inspection plan should be discussed.
Detailed specifications on mechanical, chemical, and thermal design could
be presented in additional reports. The Safety Report should only include
principal details necessary for understanding nuclear design and safety analysis.
O f special interest are experimentally verified limitations for the chosen fuel
element design.
5.3. Nuclear design
The design bases, design description, and analysis for the nuclear design
o f the fuel and reactivity control systems should be provided and discussed,
including nuclear and reactivity control limits such as excess reactivity, control
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rod insertions, fuel burnup, negative reactivity feedback, core design lifetime,
fuel replacement philosophy, reactivity coefficients, stability criteria, maximum
controlled reactivity insertion rates, control o f power distribution, shutdown
margins, stuck rod criteria, rod speeds, chemical and mechanical shim control,
burnable poison requirements, and backup and emergency shutdown provisions.
5.4. Thermal and hydraulic design
The design bases, design description, and analysis for the thermal and
hydraulic design o f the reactor and core coolant system should be provided,
including such items as maximum fuel and clad temperatures, critical heat
flux ratio (at rated power, at design overpower, and during transients), flow
velocities and distribution control, coolant and moderator voids, hydraulic
stability, transient limits, fuel cladding integrity criteria, and fuel assembly
integrity criteria.
There should be a discussion o f the testing and verification techniques to
be used to ensure that the planned thermal and hydraulic design characteristics
o f the core and the reactor coolant system have been provided and will remain
within required limits throughout core lifetime.
5.5. Reactor materials
A list o f the materials and their specifications for each component o f the
control rod system and for reactor internals should be presented. The effects
o f irradiation on these materials should be discussed.
5.6. Mechanical design o f reactivity control systems
Information should be presented to establish that the control rods
(dimensions and materials) and the control rod drive system, which includes
the essential ancillary equipment and systems, are designed and installed to
provide the required functional performance and are properly isolated from
other equipment. Additionally, information should be presented to establish
the bases for assessing the combined functional performance o f all the
reactivity control systems (including insertion times) to mitigate the consequences
o f anticipated transients and postulated accidents.

6.

REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

This chapter o f the Safety Report should provide information regarding
the reactor coolant system and systems connected to it. Evaluations, together
with the necessary supporting material, should be submitted to show that the

35

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

reactor coolant system is adequate to accomplish its objective and to maintain
its integrity under conditions imposed by all foreseeable reactor behaviour,
either normal or accident conditions. The information should permit a
determination o f the adequacy o f the evaluations. Evaluations included in other
chapters which have a bearing on the reactor coolant system should be referenced.
6.1. Summary description
A summary description o f the reactor coolant system and its various.com
ponents should be provided. The description should indicate the independent
and interrelated performance and safety functions o f each component. A
tabulation o f important design and performance characteristics in the form o f
schematic flow diagrams, piping and instrumentation diagrams, and an elevation
drawing should.be included.
6.2. Reactor pool or vessel
This section should contain pertinent data in sufficient detail to provide
assurance that the materials, fabrication methods, and inspection techniques
used for the reactor pool or vessel will meet established criteria and allow the
vessel or pool to maintain its integrity under all operational states and anticipated
operational occurrences. Discussion should be included, where appropriate, o f
the effects o f irradiation on the reactor vessel.
6.3. Component and subsystem design
This section should present discussions o f the performance requirements
and design features to ensure the overall safety o f the various components
within the reactor coolant system and subsystems closely allied with it.
Examples o f components or subsystems to be included are reactor coolant
pumps, piping, reactor water cleanup system, safety and relief valves, and
component supports. Detailed discussions should also be included on the
secondary coolant, system, moderator systems, and emergency cooling system.

7.

ENGINEERED SAFETY FEATURES OR BARRIERS

Engineered safety features may be provided to mitigate the consequences
o f postulated accidents in spite o f the fact that these accidents are very unlikely.
This chapter o f the Safety Report should present information in sufficient detail
to permit an adequate evaluation o f the performance capability o f these features.
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The information should include:
(a)

(b)

Descriptions o f the experience, tests under simulated accident conditions
or conservative extrapolations from existing data that support the con
cept upon which the operation o f the feature is based;
Where appropriate, summary descriptions o f computer codes and other
calculational methods used in demonstrating the adequacy o f these
features, together with indications o f their validations;

(c)

(d)
(e)

Considerations o f component reliability, system interdependency, redundancy,
diversity, and separation o f components or portions o f systems, etc.,
associated with.ensuring that the feature will accomplish its intended
purpose and will function for the period required;
Provisions for tests, inspection, and surveillance to ensure that the feature
will be dependable and effective upon demand;
Evidence that the material used will withstand the postulated accident
environment, including radiation levels, and that radiolytic decomposition
products that may occur will not interfere with the engineered safety features.

These engineered safety features may include reactor trip systems, emergency
core cooling system, containment and isolation systems, etc.

8.

INSTRUMENTATION AND CONTROLS
This chapter should provide information regarding the instrumentation and

control systems, including the power regulating systems for reactor control, the
reactor protection system, and other engineered safety features instrumentation:
The information provided should emphasize those instruments and associated
equipment which constitute the reactor safety system.
8.1. Introduction
All instrumentation, control, and supporting systems that are safety-related,
including alarm, communication, and display instrumentation should be listed.
All design bases (including considerations o f instrument errors), criteria,
regulatory guides, standards, and other documents that will be implemented in
the design o f these systems should be described.
8.2. Power regulating system
This section should describe all the elements o f the power regulating
system, the design criteria for operation, and a reliability analysis demonstrating
that the design criteria have been satisfied. It should also describe any inter
faces between this system and the reactor protection system.
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8.3. Reactor trip system
This section should describe all elements o f the reactor trip system and
should include the design basis information and an analysis demonstrating
that the design criteria have been satisfied. This analysis should discuss the need
for and method o f changing to more restrictive trip set-points during abnormal
operating conditions.
8.4. Systems required for safety shutdown
In this section, systems needed for safe shutdown o f the facility, including
initiating circuits, logic, bypasses, interlocks, redundancy, diversity, and
actuated devices should be provided. Design basis information and analyses
that demonstrate how the design criteria are satisfied should also be included.
8.5. Other safety-related systems
Description should be given o f all systems required for safety not already
discussed, which may include failed-fuel detection systems and non-nuclear
safety systems (temperature, flow, etc.). Design basis information and analyses
demonstrating how the design criteria are satisfied should also be provided.
8.6. Control room
This section should include a description o f the instrumentation systems
(including control rod position indicators) that provide information to enable
the reactor operator to perform required safety functions. An analysis should
be made to demonstrate that the operator has sufficient information to carry
out required manual safety functions and sufficient time to make reasoned
judgements and take appropriate actions. An assessment o f the reactor control
room should also be made from the point o f view o f layout and environment
in normal and accident conditions. There should be a discussion o f control in
emergencies, including the emergency control room where provided.
9.

ELECTRIC POWER

The electric power system is the source o f power for the reactor coolant
pumps and other auxiliaries during normal operation and for the safety system
and engineered safety features during abnormal and accident conditions. The
information in this chapter should be directed toward establishing the functional
adequacy o f the safety-related electric power systems and ensuring that they
have adequate redundancy, independence, and testability in conformance
with current criteria.
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The discussion in this chapter should include, where applicable, such
systems as the off-site power system, on-site power system including emergency
power sources (e.g. diesel generators), DC power systems, etc.
10.

AUXILIARY SYSTEMS
This chapter should provide information concerning the auxiliary systems

included in the facility. Those systems that are essential for the safe shutdown
o f the reactor or the protection o f the health and safety o f the public should be
identified. The description o f each system, the design bases for the system and
for critical components, a safety evaluation demonstrating how the system
satisfies the design bases, the testing and inspection to be performed to verify
system capability and reliability, and the required instrumentation and controls
should be provided. There may be aspects o f the auxiliary systems that have
little or no relationship to protection o f the public against exposure to radiation.
In such cases, enough information should be provided to allow understanding o f
the auxiliary system design and function with emphasis on those aspects that
might affect the reactor and its safety features or contribute to the control o f
radioactivity.
The capability o f the system to function without compromising the safe
operation o f the plant under either normal operation or transient situations
should be clearly shown by the information provided.
Radiological considerations associated with operation o f each system under
normal and accident conditions, where applicable, should be summarized and
reference made to detailed information in Chapters 12 or 13 as appropriate.
10.1. Fuel storage and handling
Systems for storing fresh and spent fuel, for cooling and cleaning the
spent fuel pool (if applicable), and for handling and, if necessary, cooling the
fuel as it moves within the facility should be described in this section. Design
bases, such as the quantity o f fuel to be stored and the means for maintaining
a subcritical array, should be provided, along with an evaluation o f each
system’s capability to protect against unsafe conditions.
10.2. Water systems
In this section, each water system o f the facility should be discussed. These
may include the service water system, the cooling system for reactor auxiliaries,
the demineralized water makeup system, and the potable and sanitary water
systems. In each case, the information provided should include the design bases,
system description, safety evaluation, testing and inspection requirements, and
instrumentation requirements.
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10.3. Process auxiliaries
All auxiliary systems associated with the reactor process system, such as
compressed air, process sampling, or equipment and floor drainage systems,
should be discussed here. The discussions should include design bases, system
description, safety evaluation, testing and inspection requirements, and
instrumentation requirements.
10.4. Air conditioning, heating, cooling and ventilating systems

.

The ventilation systems for all areas o f the reactor facility which contain •
safety-related equipment or which might contain radioactive materials under
normal or accident conditions should be discussed here. ,Such areas might include
the control room, the radwaste area, and engineered safety features. Each
discussion should include the design bases, a system description, and a safety .
evaluation for the system.
10.5. Other auxiliary systems
In this section, design bases, system descriptions, and safety evaluations
should be presented,for other auxiliary systems important to safety, such as .
the fire protection, communications, and lighting systems.

11.

EXPERIMENTAL USAGE

The design bases, design description, and analyses for all experimental
facilities associated directly or indirectly with the reactor should be given in
sufficient detail. Such facilities may include.beam ports, thermal columns,
in-core irradiation, baskets', experimental, loops, etc.
In this chapter, the expected experimental use o f the reactor should be
discussed in relation to the experimental facilities described in previous chapters
and correlated with the safety specifications for experiments found in
Chapter 17 o f the Safety Report.
■ . ■ .

12.

RADIOACTIVE WASTE MANAGEMENT

This chapter should describe: (a) the capabilities o f the plant to control,
collect, handle, process, store, and dispose o f liquid, gaseous, and solid wastes
that may contain radioactive materials; (b) the instrumentation used to
monitor the release o f radioactive wastes; and (c). the management o f spent
fuel (see also Section 10.1).
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The information should cover normal operation, including anticipated
operational occurrences (refuelling, purging, equipment downtime, maintenance,
etc.)- The proposed radioactive waste treatment systems should have the
capability to meet the requirements and the recommendations o f appropriate
regulatory guides concerning system design, control and monitoring o f releases,
and maintaining releases o f radioactive materials at the A LA R A level.
Radioactive wastes generated by experiments proposed for the facility
should be included in this discussion.
12.1. Source terms
The Safety Report should indicate the sources o f radioactivity that serve
as design bases for the various radioactive waste treatment systems for normal
operation including anticipated operational occurrences and for design conditions.
The source terms used as the design bases for shielding and component
failures should be provided. For the purpose o f evaluating the adequacy o f
various ventilation systems, provide in the Safety Report estimates o f the leakage
and their estimated contribution to the total quantity. Estimates o f the releases
o f radioactive gases and radioiodines from each leakage source and their
subsequent transport and release path should be provided. The basis for the
values used should be indicated. Cite previous pertinent experience from
operating reactors. Discuss leakage measurements and special design features to
reduce leakage. The principal discussions o f coolant leakage in other sections
o f the Safety Report should be referenced.
Estimates o f the release o f radioactive materials (by radionuclide) from
each source identified and the subsequent transport mechanism and release
path should be provided. Identify planned operations, including experiments
and anticipated operational occurrences, that may result in release o f radioactive
materials to the environment. Consider leakage rates and concentration o f
radioactive materials for both expected and design conditions. The bases for
all values used should be provided. Describe changes from previous designs that
may affect the release o f radioactive materials to the environment.
12.2. Liquid waste management system
12.3. Gaseous waste management system
12.4. Solid waste management system
In each o f these three sections the capabilities o f the facility to control,
collect, process, handle, store, and dispose o f or remove from the site the
:
respective waste type generated as the result o f normal operation, including
anticipated operational occurrences and experiments, should be described.
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For each discussion, the design bases, system description, and radioactive release
estimates should be presented to support the finding that all releases will be as
low as reasonably achievable.
12.5. Process and effluent radiological monitoring and sampling systems
This section should describe any systems that monitor.and/or sample the
process and effluent streams to control releases o f radioactive materials generated
as the result o f normal operations, including anticipated operational occurrences
and experiments, and during postulated accidents. This description should
include the design bases, system description, and an indication that appropriate
design criteria have been met.
12.6. Spent fuel management
Arrangements for the management o f spent fuel o f f site for which the
operating organization is responsible should be described. The description
should include all components for handling and transporting spent fuel. An
outline o f the procedures to be used for spent fuel handling and shipments
should also be presented.

13.

RADIOLOGICAL PROTECTION

This chapter o f the Safety Report should provide information on methods
for radiological protection as required by the Code (Chapter 13), including
estimated occupational radiation exposures to operating and construction
personnel and to the public during normal operation and anticipated operational
occurrences (including refuelling; purging; fuel handling and storage; radio
active material handling, processing, use, storage, and disposal; maintenance;
routine operation; in-service inspection; and testing and calibration). It should
provide information on facility and equipment design, the planning and
procedures programmes, and the techniques and practices employed by the
applicant in meeting the standards for protection against radiation.
13.1. Operational exposures
In this section, describe the management policy and organizational structure
including specific responsibilities and activities proposed to ensure that radiation
exposures to operating personnel and experimenters are ALARA. Also describe
facility and equipment design considerations that are directed toward ensuring
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that operational exposures are A LA R A. Finally, the detailed operating pro
cedures and plans for ensuring that operational exposures are A LA R A should
be described.1
13.2. Radiation sources
All potential sources o f radiation throughout the facility should be
catalogued, except those in the radioactive waste management system described
in Chapter 12, in sufficient detail to support the shield design calculations. All
experimental facilities, such as laboratory areas separate from the reactor room,
should be included. Also, sources o f airborne radioactive material in equipment
cubicles, laboratories, hallways, and operating areas normally occupied by
operating staff should be described to support the proposed design for personnel
protection measures and dose assessment.
13.3. Radiation design features
In this section, equipment and facility design features such as shielding,
ventilation, and area and airborne radioactivity monitoring instrumentation
which are intended to ensure that radiation exposures are within the specified
requirements and A LA R A should be described.
Information should be provided on the shielding for the radiation generated
by the reactor, including the criteria for penetrations, material, method by
which the shield parameters (cross-sections, buildup factors, etc.) were determined,
and the assumptions, codes and techniques used in the calculations. Description
should be given o f special protective features that use shielding, geometric
arrangement (including equipment separation), or remote handling to ensure
that the occupational exposure o f reactor personnel will be within the specified
requirements and as low as reasonably achievable in normally occupied areas.
Descriptions should be provided o f methods to ensure that beam tubes and
other experimental facilities maintain adequate shielding against neutron
streaming during experimental use.
13.4. Dose assessment
An estimate o f the annual man-rem dose associated with major functions
such as operation, experiments, normal maintenance, radwaste handling,
refuelling, and in-service inspection should be provided. Also provide an estimate
o f the annual dose at the boundary o f the restricted area.

1 For additional inform ation, see Refs [1 , 2],
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13.5. Health physics programme (on site and o ff site)
In this section, describe the administrative organization; the type and
location o f radiation monitoring equipment, instrumentation, and facilities;
and the procedures o f the health physics programme that will ensure that
radiation exposures are A LA R A and meet established limits. Emphasis should
be placed on the methods and procedures for controlling and evaluating
exposures to experimenters and other personnel likely to have only a cursory
knowledge o f facility radiation protection procedures.

14.

CONDUCT OF OPERATIONS

This chapter o f the Safety Report should provide information relating to
the preparations and plans for operation o f the facility. Its purpose is to
provide assurance that the applicant will establish and maintain a staff o f adequate
size and technical competence and the operating plans to be followed by the
licensee are adequate to protect public health and safety.
14.1. Organizational structure
The organizational structure o f the applicant should be described in sufficient
detail to indicate clearly how all major functions o f facility construction or
operation are to be performed (see Section 7 o f the Code o f Practice ).
14.2. Staff selection arid training
All aspects o f the training programme, including minimum educational
requirements, formal and iriformal training methods, retraining frequency, and
examination procedures should be described (see Section 7 o f the Code o f Practice).
14.3. Review and audit
The Safety Report should describe plans for conducting reviews and
audits o f operating activities that are important to safety. Procedures for
reviewing changes, tests, and proposed experiments should be discussed in detail,
as well as procedures for after-the-fact review and evaluation o f unplanned events.
Provisions for performing independent reviews o f operating activities should be
described. The procedures and organization employed to audit operating
activities, compliance with administrative controls, and the quality assurance
programme should be discussed.
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14.4. Operating instructions
This section o f the Safety Report should summarize administrative and
operating procedures that will be used by the operating organization (reactor
staff) to ensure that routine operating, off-normal, and emergency activities
are conducted in a safe manner. In general, the Safety Report is not expected
to include detailed written procedures. The Safety Report should identify the
persons (by position) who are responsible for writing the procedures and the
persons who must approve them before they are implemented. Procedures
may be written for any o f the following (see Section 8 o f the Code o f Practice):
(a)
(b)

Administrative procedures;
Reactor operation;

(c)
(d)

Facility radiation protection;
Emergency procedures;

(e)
(f)

Instrument calibration and tests;
Chemical-radiochemical control;

(g)
(h)

Radioactive waste management;
Modification;

(i)
G)

Material control;
Physical security.

14.5. Maintenance, testing and inspection
This section should provide:
(a)

(b)

A summary description o f the planned maintenance programme based
on the manufacturers’ maintenance manuals (see Section 10 o f the Code
o f Practice);
A summary description o f the periodic testing and inspection (see
Section 6 o f the Code o f Practice).

14.6. Security
This section o f the Safety Report should describe the plans for physical
protection o f the facility. It is a general practice in many countries to have these
plans described in a separate document (see Section 15 o f the Code o f Practice).

14.7. Records and reports
This section o f the Safety Report should describe the system for maintaining
records o f all facility activities and preparing; submitting, and filing reports
(see Section 9 o f the Code o f Practice).
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14.8. Operational experience
For the case o f an existing reactor whose safety analysis is being revised,
the past experience in the following areas should be summarized:
(a)
(b)
(c)
(d)

Unusual occurrences;
Performance statistics for the safety systems;
Operational radiation exposures experiences;
Radioactive emissions experiences.

15.

COMMISSIONING
This chapter o f the Safety Report should provide information on the

initial test programme for structures, systems, components, and design features
for the facility. The information provided should address major phases o f the
test programme, including pre-operational tests, initial fuel loading and initial
criticality, low-power tests, and power-ascension tests, if applicable.
The results o f the test programme should be described and be made part
o f the Safety Report, including a discussion o f the comparison between the
predicted and actual test values. Where there are significant differences between
the predicted and actual values, explanations and corresponding corrective
actions, where applicable, should be presented (see Section 11 o f the Code
o f Practice).

16.

SAFETY ANALYSES
The evaluation o f the safety o f a research reactor should include analyses o f the

response o f the reactor to postulated disturbances in process variables and to
postulated malfunctions, failures o f equipment, or operator errors. Such safety
analyses provide a significant contribution to the selection o f limiting conditions for
operation, limiting safety system settings, and design specifications for com 
ponents and systems from the standpoint o f public health and safety.
The situations analysed should include anticipated operational occurrences,
off-design transients that induce fuel failures, and postulated accidents o f low
probability (e.g. the sudden loss o f integrity o f a major component). The analyses
should include an assessment o f the consequences o f an assumed fission
product release that would result in potential hazards not exceeded by those
from any accident considered credible.
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16.1. Transient and accident classification
Transients and accidents considered should be classified into groups to
simplify the analysis.
The approach outlined below is intended to organize the transients and
accidents considered by the applicant and presented in the Safety Report in a
manner that will:
(a)
(b)
(c)
(d)

Ensure that a sufficiently broad spectrum o f accidents has been considered;
Categorize the accidents by type so that only the limiting cases in each
group need to be quantitatively analysed;
Indicate the course o f events and the likely consequences for those
limiting cases;
Demonstrate that the risk associated with the operation o f the reactor is
acceptable.
To accomplish these goals, a number o f disturbances o f process variables

and malfunctions or failures o f equipment should be postulated. Each postulated
accident-initiating event should be assigned to one o f the following categories:
(a)
(b)

Decrease in heat removal by the reactor cooling system;
Decrease in heat removal by the secondary cooling system (loss o f
heat sink);

(c)
(d)
(e)
(f)

Reactivity insertions and power distribution anomalies;
Changes in the inventory o f the reactor coolant;
Radioactive release from a subsystem or component;
Natural or man-induced events (e.g. electric power failure, operator errors).

Typical accidents that are representative o f those that should be considered
by the applicant in this chapter o f the Safety Report are presented in Table A.I.
The evaluation o f each initiating event should be presented in a separate
subsection corresponding to the six categories defined above. The information
to be presented in these subsections is outlined in Section 16.4.
The initiating events for each category should be evaluated to identify the
events that would be limiting. That is, not every postulated initiating event
must be completely analysed. In some cases a qualitative comparison o f similar
initiating events may be sufficient to identify the specific initiating event that
leads to the most limiting accident consequences. Only that accident should
then be analysed in detail.
16.2. Reactor characteristics considered in the safety evaluation
A summary o f reactor parameters considered in the safety evaluation should
be given; e.g. core power, core inlet temperature, reactor system pressure, core
flow, axial and radial power distribution, fuel and moderator temperature
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TABLE A.I. EXAMPLES OF REPRESENTATIVE ACCIDENTS TO BE ANALYSED

DECREASE IN HEAT REM OVAL BY REACTO R COOLING SYSTEM
Inadvertent cooling reduction due to valve failure
Primary pumps failure and flow coastdown
Primary coolant boundary rupture
Flow blockage to coolant channels
Emergency cooling system failures
Inadvertent cooling reduction due to core bypass
DECREASE IN HEAT REM O VAL BY SECONDARY COOLING SYSTEM
Secondary cooling system failure due to pump or other failures
Secondary cooling system failure due to coolant system ruptures
RE A C T IV ITY INSERTIONS AND POWER DISTRIBUTION ANOMALIES
Startup accident giving ramp insertion o f reactivity
Cold water insertion

'

-

Control rod and control rod follow er failure
Fuel loading error
Flooding or voiding o f experimental beam ports, loops, or thimbles
Failure or withdrawal o f an in-core experiment
H20 insertion in a D20 system, or vice versa, or loss o f H20 coolant where other
moderation is used
Criticality during fuel handling
Operation with shim rods in non-uniform banked position
Control system runaway
Failures or collapse o f structural com ponents
CHANGES IN IN VEN TO RY OR PRESSURE OF REACTOR COOLANT
Reactor vessel gas overpressure system failure
Whole core loss-of-coolant accident (LO C A )
Reactor vessel depressurization
Failure o f experiment that could result in high pressures
R AD IO ACTIVE RELEASE FROM SUBSYSTEM O R COMPONENT
Local failure/melting o f a few fuel plates or rods in core
Fuel element cladding failure in core
Fuel element failure during handling incident
Containment system failure
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TABLE A.I. (cont.)

Criticality in fuel storage
Loss o f cooling during irradiated fuel transfer
Failure to con trol experimental apparatus or materials
Core meltdown
N ATU RAL OR MAN-INDUCED EVENTS
Earthquake
Flood
Tornado or hurricane
Fire or explosion
Aircraft crash
Loss o f primary electric power
Operator errors

coefficients, void coefficient, reactor kinetics parameters, available shutdown rod
worth and control rod insertion characteristics. A range o f values should be
specified for reactor parameters that vary with fuel exposure or core reload.
The permitted operating band (permitted fluctuations in a given parameter and
associated uncertainties) on reactor system parameters should be specified.
The most adverse conditions within the operating band should be used as initial
conditions for transient analysis.
16.3. Assumed protection system (APS) actions
Settings o f all protection system functions that are used in the safety
evaluation should be listed. Typical protection system functions are reactor
trips, isolation valve closures and backup cooling. Consideration o f both correct
APS action and APS failure is necessary.
. 16.4. Evaluation o f individual initiating events
The detailed information listed in Sections 16.4.1 and 16.4.2 should be given
for each initiating event. However, the extent o f the quantitative information
in Sections 16.4.3 through 16.4.5 that should be included will differ for the
various initiating events. For those situations where a particular initiating event
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is not limiting, only the qualitative reasoning that led to that conclusion need
be presented, along with a reference to the section that presents the evaluation
o f the more limiting initiating event. Further, for those initiating events that
require a quantitative analysis, such an analysis may not be necessary for each
o f Sections 16.4.3 through 16.4.5. For example, there are a number o f reactor
transient initiating events that result in minimal radiological consequences.
The applicant should merely present a qualitative evaluation to show this to
be the case. A detailed evaluation o f the radiological consequences need not be
performed for each such initiating event.

16.4.1. Iden tiflcation o f causes

For each event evaluated, include a description o f the occurrences that led
to the initiating event under consideration.
16.4.2.

Sequence o f events and system s operation

The following should be discussed for each initiating event:
(a)

The step-by-step sequence o f events from event initiation to the final
stabilized condition. This listing should identify each significant occurrence
on a time-scale, e.g. flux monitor trip, or start o f insertion o f control rods.
All required operator actions should also be identified;

(b)
(c)
(d)

The extent to which normally operating reactor instrumentation and
controls are assumed to function;
The extent to which reactor protection systems are required to function;
The credit taken for the functioning o f normally operating reactor systems.

The effect o f single random credible failures in each o f the above areas
and the effect o f operator errors should be discussed and evaluated. The
discussion should provide enough detail to permit an independent evaluation
o f the adequacy o f the system as related to the event under study.

1 6.4.3.

(a)

Core and system performance

Mathematical model. The mathematical model employed, including any

simplifications or approximations introduced to perform the analyses,
should be discussed. Any digital computer programs or analogue simulations
used in the analyses should be identified. If a set o f codes is used, the
method combining these codes should be described. Important output
o f each code should be presented and discussed under ‘result’ . Principal
emphasis should be placed on the input data and the extent or range o f
variables investigated. The detailed descriptions o f mathematical models
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and digital computer programs or listings are preferably included by reference
to documents available to the regulatory body with only summaries
provided in the Safety Report text.
(b)

Input parameters and initial conditions. The input parameters and initial
conditions used in the analyses should be clearly identified. Table A.II
provides a representative list o f these items. However, the initial values o f

(c)

other variables and additional parameters should be included in the Safety
Report if they are used in the analyses o f the particular event being analysed.
Results. The results o f the analyses should be presented and described in
the Safety Report. Key parameters should be presented as a function o f
time during the course o f the transient or accident. The following are
examples o f parameters that should be included: (1) reactivity, (2) fission
power, (3) thermal power, (4) heat fluxes, (5) reactor coolant system
pressure, (6) minimum CHFR or DNBR as applicable, (7) nuclear heating,
(8) core coolant flow rates, (9) coolant conditions (inlet temperature, core
average exit and hot channel exit temperatures), (10) core temperatures
(maximum fuel centre line temperature, maximum clad temperature, or maximum
fuel enthalpy), (11) reactor coolant inventory (total inventory and coolant level
in various locations in the reactor coolant system), and (12) secondary heat
exchanger system parameters (inventory and level, enthalpy, temperature, and
mass flow rate).

The discussion o f results should emphasize the margins between the predicted
values o f various core parameters and the values o f these parameters that would
represent the boundaries o f acceptable conditions.

16.4.4. Barrier performance
This section o f the Safety Report should discuss the evaluation o f the
parameters that may affect the performance o f the barriers that restrict or limit
the transport o f radioactive material from the fuel to the public.
(a)

Mathematical model. The mathematical model employed, including any
simplifications or approximations introduced to perform the analyses, should
be discussed. If the model is identical, or nearly identical, with that used
to evaluate core performance, this should be stated in the Safety Report.
In that case, only the differences, if any, between the models need be
described.
A detailed description o f the model used to evaluate barrier performance
should be, presented if it is significantly different from the core per
formance model. The information that should be included is indicated in
Section 16.4.3, item (a).
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TABLE A.II. EXAMPLES OF INPUT PARAMETERS AND INITIAL
CONDITIONS FOR TRANSIENTS AND ACCIDENTS
Fission power
Moderator temperature coefficient o f reactivity
Moderator void coefficient o f reactivity
Fuel temperature coefficient o f reactivity
Effective neutron lifetim e
Delayed neutron fraction
Average heat flux
Maximum heat flux
Minimum DNBR, CHFR
Axial pow er distribution
Radial pow er distribution
Core coolant flow rate
Core coolant inlet temperature
Core coolant average exit temperature
Hot channel coolant exit temperature
Maximum fuel centreline temperature
Reactor coolant system inventory
Coolant level in reactor vessel or tank
Coolant level in delay tank, standpipe, if applicable
Heat exchanger mass flow rate and temperature
Reactor coolant pressure
Control rod worth, differential and total

(b)

Input parameters and initial conditions. Any input parameters and initial
conditions o f variables relevant to the evaluation o f barrier performance
that were not presented and discussed in Section 16.4.3, item (b), should
be discussed in this section. The discussion should present the numerical
values o f the input to the analyses and discuss the degree o f conservatism
o f the selected values.

(c)

Results. The results o f the analyses should be presented and described
in the Safety Report. As an example, the following information should be
presented as a function o f time during the course o f the transient or
accident, for the case o f a loss-of-coolant accident:
(1) Reactor coolant system and secondary heat exchanger system
parameters: inventory and level, enthalpy, temperature, and mass
flow rate;
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(2)

(d)

Reactor vessel or tank (if applicable); pressure, nuclear heating,
rates o f temperature change, temperature gradients, stress cycles, etc.
(3) Containment or reactor building pressure, if applicable;
(4) Rate o f loss o f coolant from the reactor coolant system;
(5) Natural convection air cooling mass flow rate, enthalpy, and tem
perature, if applicable.
Probability assessment. Each accident sequence starts with an initiating
event. This may be a plant failure (e.g. pipework rupture), an operator
error (e.g. control maloperation), or an external event (e.g. electrical
supply failure). The analysis o f the sequence then considers the response
o f various protective measures, such as the shutdown system, to this
initiating event. If there is the possibility o f fuel failure, then other barriers
to the spread o f activity are also considered.
It is necessary to consider the outcom e not only if all the various systems
function correctly but also if some or all o f them fail. In order to compare
the relative risks o f these various events, the probability or frequency o f
each outcom e may be calculated. The steps in the calculation will be as
follows.
(1) The probability o f the initiating event, e.g. loss o f electrical supply,
failure o f pump or pipework rupture, will be known or may be
(2)

(3)

estimated.
Various protective systems may be called upon during the transient.
The probability o f each o f these to function correctly or to. fail may
be calculated from the known or estimated failure probability o f each
item within the system. Alternatively an overall probability o f
failure o f a system may be calculated based on an intensive test
programme. Operator error should also be considered.
From the transient analysis, the effects o f failure o f various systems
will be known. This will give various outcomes depending upon
which o f the systems is assumed to fail. Probabilities or frequencies
may now be assigned to these outcomes based on the initiating event
frequency and the probability o f each system to fail on demand.

Due regard should be paid to the possibility o f a com m on mode o f failure causing
a number o f apparently independent systems to fail at the same time.

16.4.5. Radiological consequences
This section o f the Safety Report should summarize the assumptions,
parameters, and calculational methods used to determine the doses that result
from representative faults. Sufficient information should be given to substantiate
the results and to allow an independent analysis to be performed by the
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TABLE A.III. REPRESENTATIVE PARAMETERS TO BE TABULATED
FOR POSTULATED ACCIDENT ANALYSES
D ATA AND ASSUMPTIONS USED TO ESTIMATE RAD IOACTIVE SOURCE FROM
POSTULATED ACCIDENTS
Fission product inventory
■ Per cent o f fuel perforated
Release o f activity to the building by nuclide
Iodine fractions (organic, elemental, and particulate)
D A TA AND ASSUMPTIONS USED TO ESTIMATE A C T IV ITY RELEASED TO THE
ENVIRONMENT
Release modes (single burst, intermittent, or continuous)
Containment or reactor building volume and leak rate
Deposition effects, absorption and filtration efficiencies
Recirculation system parameters (flow rates versus time, mixing factors, etc.)
DISPERSION D ATA
Location o f points o f release (ground or stack)
Distances to applicable receptors
Wind speed and atmospheric stability category
Atmospheric dilution factor

(x/Q) at the applicable receptors

DO SE A N D G R O U N D C O N T A M IN A T IO N D A TA

Methods o f dose calculation
Dose conversion assumptions
Doses (cloud, inhalation, total)
Ground contamination and contamination o f water supplies

regulatory body staff. Thus, this section should include the pertinent para
meters that are required to calculate doses for the exclusion boundary as well
as those locations within the exclusion boundary where significant site-related
activities may occur (e.g. the control room).
If there are no radiological consequences associated with a given initiating
event, this section for the event should simply contain a statement indicating
that containment o f the activity was maintained and by what margin.
The parameters and assumptions used for these analyses, as well as the
results, should be presented in tabular form. Table A .Ill provides a representative
list o f these items. When possible, the summary tabulation should provide the
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necessary quantitative information. If, however, a particular assumption cannot
be simply or clearly stated in the table, the table should reference a section o f
an appendix that adequately discusses the information.
Judgement should be used in eliminating unnecessary parameters from the
summary table or in adding parameters o f significance that do not appear in
Table A.III.
The dose computation.model used in the calculations should be described.
This would include reactor building leakage and the effect o f filters or sprays
in mitigating the consequences.
In presenting the assumptions and m ethodology used in determining the
radiological consequences, care should be taken to ensure that analyses are
adequately supported with backup information, either by reporting the
information where appropriate, by referencing other sections within the Safety
Report, or by referencing documents readily available to the regulatory body.
Such information should include the following:
(a)
(b)

(c)

(d)

A description o f the mathematical or physical model employed, including
any simplifications or approximations introduced to perform the analyses;
An identification and description o f any digital computer program or
analogue simulation used in the analysis. The detailed descriptions o f
mathematical models and programs are preferably included by reference
with only summaries provided in the Safety Report text;
An identification o f the time-dependent characteristics, activity, W d
release rate o f the fission products or other transmissible radioactive
materials from the primary circuit that could escape to the environment
via leakages in the reactor building or containment boundaries and
leakage through lines that could exhaust to the environment;
The considerations o f uncertainties in calculational methods, equipment
performance, instrumentation response characteristics, or other
indeterminate effects taken into account in the evaluation o f the results.
This section should present the results o f the dose calculations giving the

whole-body and thyroid doses for the site or exclusion boundary. (In some
cases, members o f the public at greater distances than the site boundary may
receive higher doses than at the boundary. In these cases, the dose to the most
highly exposed member o f the public should be calculated.) Similarly, it
should provide the doses for the course o f the accident to the control room
operators and personnel located at other places on site, where appropriate.
Other organ doses should be presented for those cases where a release o f solid
fission products is postulated to be released to the containment atmosphere.
A comparison o f the frequency and consequences o f the various transients,
both in the case o f termination and partial and complete failure o f the protective
systems, should be made. A convenient method to adopt would be to plot
frequencies and radiological consequences on a frequency/consequence plot.
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This should enable a judgement to be made as to the balance o f risks between
high-frequency/low-consequence events and low-frequency/high-consequence
events. It will also indicate which event sequences are the limiting cases and
may require demonstration that further improvement o f these sequences
cannot reasonably be achieved.

16.5. Commentary on some representative accidents
16.5.1. Decrease in heat removal b y the reactor cooling system

Inadvertent cooling reduction due to valve failure; and
Primary pumps failure and flow coastdown
This will include coolant flow reduction attributable to various failure
combinations o f primary pump (i.e. due to mechanical or electrical failure,
or loss o f electrical supply) and valve. Valve failures considered would be
control valves, check valves, level control valves, isolation valves, and emergency
cooling valves.
Primary coolant boundary ruptures
This will include a range o f size and location o f primary coolant system
ruptures. Provided that there is adequate separation o f inlet and outlet cooling
lines, combinations o f more than one simultaneous failure will not be considered.

Reactor vessel ruptures
Where the reactor vessel forms part o f the primary cooling system, various
types o f vessel failure will be considered from minor leakage to vessel rupture.

Flow blockage to coolant channels
This would include partial or complete flow blockage to one coolant channel.

Emergency cooling system failures
This would include failures in the emergency cooling piping and equipment
o f a type which could affect the capability o f the primary system to cool the
fuel. Examples would be failure o f the interconnected piping or o f valves
isolating the two systems.
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Inadvertent cooling reduction due to core bypass
This could occur due to an error (omission) in fuel loading or due to the
failure o f a boundary in the primary circuit between high- and low-pressure
sides o f the core, e.g. in-pool pipework.
1 6 . 5.2. Decrease in heat removal b y the. secondary cooling system

Secondary cooling system failure due to pump or other failures
Failures considered would include: mechanical failure o f pumps, electrical
failures, including supply failure, spurious or inadvertent closure o f valves,
mechanical failure o f valves.
Secondary cooling system failure due to coolant system ruptures
In addition to the loss o f secondary cooling water, the effect o f the large
flow o f secondary cooling water both external to the building and inside the
building on other systems would be evaluated. For example, the integrity o f
the primary piping and the electrical power system should be considered.
16.5.3. Reactivity insertions and pow er distribution anomalies

Startup accidents giving ramp insertion o f reactivity
This would include loading errors at shutdown giving various ramp
reactivity transients on startup, as well as specific failures o f startup equipment,
deviations from operational procedures, and operator error. Other examples
would be shielding o f the ion chambers by water or failures o f the automatic
control computer in combination with a loading error.
Cold water insertion
This would include the various means by which a sudden cooldow n o f the
reactor, leading to an increase in reactivity, could occur. Such causes as plant
failure, control system failure, deviation from standard procedures, and operator
error would be included.
Control rod and control rod follower failures
Where control rods are used as the power control mechanism, failures
which add reactivity to the reactor would be considered. Examples would be
a control rod falling out o f the reactor or being ejected and a control rod
falling from a low flux to a high flux position and then out o f the flux again.
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Some designs include control rod followers, which may also have a
significant reactivity worth. If so, failures o f these must also be considered.
Fuel loading error
Fuel loading errors could include incorrect enrichment elements being
loaded or reflector elements being loaded to core positions. They can lead to
unexpected criticality, startup accidents, or power distribution anomalies.
Flooding or voiding o f experimental beam ports, loops, or thimbles
Reactivity addition may be possible, depending upon the design, by
either adding coolant to empty experimental facilities, thus increasing
moderation and/or reflection o f the core, or by voiding such facilities, reducing
the absorption o f neutrons by H20 . Cases appropriate to the reactor design
should be considered.
Failure or withdrawal o f an in-core experiment
An in-core experiment may control a significant amount o f reactivity.
H jO insertion into a D20 system, or loss o f H20 coolant where other
moderation is used
Where a D20 system is used, the effect o f H20 insertion should be
considered since the effect may be to increase reactivity (at least at low
H2/D 2 ratios).
Where there is other moderation besides the coolant, or in fast reactors,
loss o f the coolant may cause a reactivity addition.
Those cases appropriate to the reactor design should be considered.
Criticality during fuel handling
If the reactor is fuelled at shutdown, the possibility o f dropping an element
into a core which by intent or by loading error is critical or near critical should
be considered.
The fuelling machine inserts fuel assemblies and removes loads at a con
trolled speed. Failures o f the fuelling machine giving full speed drive and a
resultant more rapid reactivity transient should be considered.
Operation with shim rods in non-uniform banked position
The effects o f maldistribution o f rods resulting in power peaking, etc.
should be considered.
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Control system runaway
Malfunction o f the automatic power control system would be considered as
giving rise to ramp reactivity transients from various power levels and for a
range o f reactivity insertions. Power levels would be from the shutdown range
to full power, and ramps would be up to full speed updrive on the control system.
Failures or collapse o f structural components
Consideration should be given to structural failures which could cause
movement o f the core or control mechanisms so as to add reactivity.
16.5.4.

Changes in inventory or pressure o f reactor coolant

Reactor vessel gas overpressure system failure
Where appropriate, failure o f this system and consequent vessel overloadings
should be considered.
Whole core loss-of-coolant accident (LOCA)
An analysis should be made o f the transient following a break or other
failure in the primary circuit leading to a reduction o f coolant inventory in the
vessel or pool. The analysis should cover a complete.range o f break sizes and
credible ultimate coolant levels.
Reactor vessel depressurization
Where appropriate, effects o f reactor vessel depressurization on the cooling
o f the core should be discussed.
Failure o f experiment that could result in high pressures
Pressurized loops or experiments containing high pressure fluids or highly
reactive material could result in high system pressures.
16.5.5. Radioactive release from a subsystem or com ponent

.

In order to evaluate the effectiveness o f the fission product cleanup system
and to place an upper limit on the maximum potential for exposure o f both
members o f the public and personnel on site, a number o f accidents are postulated
which release significant fractions o f the inventory o f fission products in the
reactor core or in individual fuel assemblies. Most o f these accidents would
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require a chain o f several failures with a very low overall probability o f occurrence.
Some o f these incidents are historical in nature and are considered even though
modifications have been made to systems to prevent a recurrence with the result
that the probability o f a.similar accident occurring is very remote.

17.

SAFETY SPECIFICATIONS
Each Safety Report may contain or refer to Safety Specifications that set

forth safety limits and safety system settings, limiting conditions for safe
operation, surveillance requirements, and administrative and organizational .
requirements. These are imposed on facility operation for, among other purposes,
the protection o f the health and safety o f the public. The safety specifications
should be derived from and be consistent with the safety analysis in Chapter 16.
Safety specifications for experiments, based on Chapters 11 and 16 o f
the Safety Report, may also be included in this chapter.
Annex B o f this Code o f Practice provides examples o f Safety Specifica
tions o f Research Reactors.

18.

QUALITY ASSURANCE

In order to provide assurance that the design, construction, commissioning,
and operation o f the proposed facility are in conformance with applicable
regulatory requirements and with the design bases specified'in the licence
application, it is necessary that a quality assurance (Q A) programme be
established by the applicant. In this chapter o f the Safety Report, the applicant
should provide a description o f the QA programme to be established and
executed during the design, construction, pre-operational testing, and operation
o f the facility. The QA programme must be established at the earliest
practical time.

19.

DECOMMISSIONING

In some Member States, there is a requirement to include in the Safety
Report plans for decommissioning the reactor.
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Annex B
EXAMPLES OF SAFETY SPECIFICATIONS

This Annex includes two examples o f a set o f safety specifications.
Annex B .l is the safety specification for the Ford Nuclear Reactor in the
United States o f America, a 2 MW pool reactor at the University o f Michigan.
In this case the specification is a licensing document approved by the regulatory
body. Annex B.2 is the safety specification o f the Zerlina reactor in India,
a 100 W heavy-water tank type reactor at the Bhabha Atom ic Research Centre.
In this case the specifications are in the form o f a series o f internal instructions
approved by the operating organization.
The requirements for a safety specification will vary from country to
country depending upon the national practices and the particular reactor.
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B .l. SAFETY SPECIFICATIONS FOR THE
FORD NUCLEAR REACTOR (USA)

1.

DEFINITIONS

The terms Safety Limit (SL), Limiting Safety System Setting (LSSS), and
Limiting Condition o f Operation (LCO) are as defined in 50.36 o f 10 CFR
Part 50.
Safety channel — a measuring channel in the reactor safety system.
Reactor safety system - that combination o f safety channels and associated

circuitry which forms the automatic protective system for the reactor or provides
information which requires manual protective action to be initiated.
Operable - a component or system is capable o f performing its intended function
in its normal manner.
Operating — a component or system is performing its intended function in its
normal manner.
Channel check - a qualitative verification o f acceptable performance by
observation o f channel behaviour. This verification, where possible, shall include
comparison o f the channel with other independent channels or systems measuring
the same variable.
Channel test — the introduction o f a signal into the channel to verify that it is

operating.

.

Channel calibration — an adjustment o f the channel such that its output corres
ponds with acceptable accuracy to known values o f the parameter which the
channel measures. Calibration shall encompass the entire channel, including
equipment actuation, alarm, or trip and shall be deemed to include the channel
test.
Unscheduled shutdown - defined as any unplanned shutdown o f the reactor
caused by actuation o f the reactor safety system, operator error, equipment

malfunction, or a manual shutdown in response to conditions which could
adversely affect safe operation, not to include shutdowns which occur during
testing or check-out operations.
Reactor operation - the control rods installed in the core are not fully inserted

or the console key is in the key-switch. Reactor operation is not considered
possible when there are less than six fuel elements loaded on the grid plate.
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Reactor secured - is defined as follows:

(a)

The full insertion o f all control rods has been verified;

(b)
(c)

The console key is removed;
No operation is in progress which involves moving fuel elementsin the pool,
moving reflector elements to or from the core, the insertion or removal o f
unsecured or secured experiments from the core, or control rod maintenance.

True value — o f a process variable is its actual value at any instant.
Measured value - o f a process variable is the value o f the variable as indicated by

a measuring channel.
Measuring channel — the combination o f sensor, amplifier, and output devices

which are used for measuring the value o f a process variable.
Reportable occurrence — any one o f the following:

(a)

A safety system setting less conservative than the limiting setting established

(b)

in the Technical Specifications;
Operation in violation o f a limiting condition for operation established in the
Technical Specifications;

(c)

(d)
(e)
(f)

(g)
(h)
(i)

A safety system component malfunction or other component or system
malfunction which could, or threatens to, render the safety system incapable
o f performing its intended safety functions;
Release o f fission products from a failed fuel element;
An uncontrolled or unplanned release o f radioactive material from the
restricted area o f the facility;
An uncontrolled or unplanned release o f radioactive material which results
in concentrations o f radioactive materials within the restricted area in excess
o f the limits specified in Appendix B, Table I o f 10 CFR 20;
An uncontrolled or unanticipated change in reactivity in excess o f 0.005 A k/k;
Conditions arising from natural or man-made events that affect or threaten
to affect the safe operation o f the facility;
An observed inadequacy in the implementation o f administrative or proce
dural controls such that the inadequacy causes or threatens to cause the
existence or development o f an unsafe condition in connection with the
operation o f the facility.

Experiment — any o f the following:

(a) , An activity utilizing the reactor system or its components or the neutrons
or radiation generated therein;
(b) An evaluation or test o f a reactor system operational, surveillance, or
maintenance technique;
(c) An experimental or testing activity which is conducted within the confine
ment or containment system o f the reactor;
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(d)

The material content o f any o f the foregoing, including structural components,
encapsulation o f confining boundaries, and contained fluids or solids.

Experimental facility - any structure or device which is intended to guide, orient,

position, manipulate, or otherwise facilitate a multiplicity o f experiments o f
similar character.
Explosive material — any solid or liquid which is categorized as a severe,

dangerous, or very dangerous explosion hazard in “ Dangerous Properties o f
Industrial Materials” , N.I. Sax, 3 rd E d n (1 9 6 8 ),or is given an Identification o f
Reactivity (Stability) index o f 2, 3, or 4 by the National Fire Protection
Association in its publication 704-M, 1966, “ Identification System for Fire
Hazards o f Materials” , also enumerated in the “ Handbook for Laboratory Safety” ,
2nd Edn( 1971), published by the Chemical Rubber Co.
Potential reactivity worth o f an experim ent — the maximum absolute value o f

the reactivity change that would occur as a result o f intended or anticipated
changes or credible malfunctions that alter equipment position or configuration.
Movable experiment — one which may be inserted, removed, or manipulated

while the reactor is critical.
Static reactivity worth - the static reactivity worth o f an experiment is the

absolute value o f the reactivity change which is measurable by calibrated control
or regulating rod comparison methods between two defined terminal positions
or configurations o f the experiment. For removable experiments, the terminal
positions are fully removed from the reactor and fully inserted or installed in
the normal functioning or intended position.
Rem ovable experim ent — any experiment, experimental facility, or component

o f an experiment, other than a permanently attached appurtenance to the reactor
system, which can reasonably be anticipated to be moved one or more times
during the life o f the reactor.
Secured experim ent — any experiment, experimental facility, or component o f an

experiment is deemed to be secured, or in a secured position, if it is held in a
stationary position relative to the reactor by mechanical means. The restraint
shall exert to the reactor by mechanical means. The restraint shall exert sufficient
force on the experiment to overcome the expected effects o f hydraulic, pneumatic,
buoyant, or other forces which are normal to the operating environment o f the
experiment, or by forces which might arise as a result o f credible malfunctions.
Unsecured experim ent — any experiment, experimental facility, or component o f

an experiment is deemed to be unsecured if it is not and when it is not defined
as secured.
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Shim-safety rod — a control rod fabricated from borated stainless steel which is

used to compensate for fuel bumup, temperature, and poison effects. A shimsafety rod is magnetically coupled to its drive unit, thus allowing it to perform
the function o f a safety rod when the magnet is de-energized.
Regulating rod - a control rod o f low reactivity worth fabricated from stainless

steel and used to control reactor power. The rod may be controlled by the
operator with a manual switch or by an automatic controller.
Readily available on call - ‘ Readily available on call’ shall mean that the licensed

senior operator shall ensure that he is within a reasonable driving time (1/2 hour)
from the reactor building. The licensed senior operator shall always keep the
licensed operator informed o f where he may be contacted.
Fast scram — a rapid reduction o f the magnet-holding current o f the shim-safety

rods until the rods fall by gravity into the reactor core.
Slow scram - the shutoff o f electrical power to the units providing the magnet-

holding current with subsequent decay o f the magnet holding the current until
the rods fall by gravity into the reactor core.
Rundown — the automatic insertion o f the shim-safety rods.
Reactivity limits — those limits imposed on reactor core excess reactivity.

Quantities are referenced specifically to a cold core (90°F) with the effect o f
xenon poisoning on core activity accounted for if greater than or equal to
0.05% Ak/k. The reactivity worth o f samarium in the core will not be included
in excess reactivity limits. The reference core condition will be known as the cold,
xenon-free critical condition.
2.

SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1. Safety limits
2.1.1 .

Safety limits in the fo rced convection m ode

Applicability

This specification applies to the interrelated variables associated with core
thermal and hydraulic performance in the steady state with forced convection
flow. These variables are:
P
W
Tj

Reactor thermal power
Reactor coolant flow through the core
Reactor coolant inlet temperature

H

Height o f water above the top o f the core
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Objective
To ensure that the integrity o f the fuel clad is maintained.
Specification
(a)

The true value o f reactor power (P) shall not exceed the limit specified in
Fig.B. 1 corresponding to various true values o f flow (W).

(b)
(c)

The true value o f reactor coolant inlet temperature (T j) shall not exceed 116°F.
The true value o f water height above the core (H) shall not be less than
18 feet while the reactor is operating.

Bases
The basis for the safety limits for the forced coolant mode is that the
calculated maximum cladding temperature in the ‘h ot’ channel o f the most
compact core to be used in the FNR (25 elements) shail not reach the boiling
point o f the water coolant. Figure B .l displays the combination o f thermalhydraulic parameters considered in arriving at the limiting values.
The calculation o f safety limits for forced coolant flow was described in
the application for Amendment No. 11 to Facility License R-28. This calculation
was repeated in a slightly modified form to introduce additional conservatism
into the analysis by including data on the variation o f coolant flow between the
individual coolant channels in a fuel element, variation o f core pressure drop with
coolant flow rate, and the effect o f varying the total coolant flow rate for the core.
The effect o f these additional degrees o f conservatism is small. For example,
Fig.B. 1 shows a safety limit power level o f 3.0 MW at lOOOgal/min and 116°F inlet
temperature. The calculation performed for these conditions in the application
for Amendment No. 11 predicted a power level o f 3.2 MW.
The maximum fuel plate surface temperature produced in the reactor hot
channel during the flow reversal which would occur if there is a shutdown o f the
primary pump simultaneously with reactor shutdown has been studied.1 Such an
occurrence might result from an electrical power failure or from a reactor shut
down caused by primary pump failure at high reactor powers.
Tests were conducted using an electrically heated, simulated fuel element
channel in which the coolant flow through the channel was blocked and the timedependent behaviour o f the plate surface temperature was observed. These tests
were conducted with a constant plate energy input o f 5.8 X 106 B tu/h/ft3.

1 “ An Investigation o f a Coolant Channel Blockage in the FNR Reactor from a Heat
Transfer Standpoint” , Reuben Rainisch; U o f M Dept, o f Nuclear Engineering Course 799
Project Report, in partial fulfilment o f requirements for Nuclear Engineer Degree, 1972.
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Safety limits.

(FNR 25 element core maximum plate energy input is 7 X 106 B tu/h/ft3.) Under
blocked flow conditions, the maximum plate surface temperature increases to a
value approximately 5°F in excess o f the saturation temperature o f the coolant.
Nucleate boiling then takes place until sufficient steam is formed to blanket the
channel. When steam voiding occurs, the plate surface temperature again begins
to rise. Establishing flow through the channel resulted in an immediate reduction
in temperature to values below the saturation temperature for the coolant.
Extrapolation o f these results to the operating conditions for the FNR
hot channel indicates that a maximum temperature o f approximately 244°F will
be reached in about one second after flow stoppage occurs and, should flow
reversal be prevented for some reason, this temperature would remain constant
for approximately nine seconds'before increasing. Ten seconds is sufficient time
for the header mechanism to drop and to establish convective cooling o f the core.
Note that this time estimate is conservative because it is based on data obtained
in tests with constant channel power. We are interested in the case o f flow
reversal following a reactor shutdown.
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2.1.2.

Safety limits in the natural convection mode

Applicability
This specification applies to the interrelated variables associated with core
thermal and hydraulic performance in the natural convection mode o f operation.
These variables are:
P
Tj
H

Reactor thermal power
Reactor coolant inlet temperature
Height o f water above the top o f the

core

Objective
To assure that the integrity o f the fuel clad is maintained.
Specification
(a)
(b)

The true value o f the reactor thermal power (P) shall not exceed 380 kW.
The true value o f the reactor coolant inlet temperature (TO shall not exceed
131°F.

(c)

The height o f pool water above thecore shall not be less than 18 feet.

Bases
Operation o f the reactor at or below 380 kW with a coolant inlet temperature
o f 131°F will result in a clad temperature below the boiling point o f the coolant.
The coolant boiling point was calculated assuming 18 feet o f water over the core.
Specification 2.1.2.C will assure that the coolant boiling point will be at or above
the value assumed in the analysis which established the 380 kW safety limit.

2.2. Limiting safety system setting (LSSS)
2.2.1.

Limiting safety system setting in the forced convection mode

Applicability
This specification applies to the set-points for the safety channels monitoring
reactor thermal power (P), primary coolant flow (W), height o f water above the
top o f the core (H), and core exit temperature (T e).

69

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

<r
Z)
H
<

M A X . TEM P.
M EASU REM ENT
.E R R O R

QC

E
O
O

<
>

Z)

DC
T R U E V A L U E O F C O R E F L O W R A T E {gal/min)

FIG .B .2.

1000
Low flow scram
set-point = 900 gal/min

Basis fo r selection o f L S S S values.

Objective
To assure that automatic protective action is initiated to prevent a safety
limit being exceeded.
Specification
The limiting safety system settings for reactor thermal power (P), primary •
coolant flow through the core (W), height o f water above the top o f the core (H),
and reactor coolant exit temperature (T e) shall be as follows:
Variable

LSSS

P
W
H
Te

2.4 MW
900 gal/min
19 feet
129°F

(maximum)
(minimum)
(minimum)
(maximum)

Bases
The limiting safety system settings specified above have been chosen to
assure that automatic protective action will correct the most severe abnormal
situation anticipated before a safety limit is exceeded. The safety margin that is
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provided between the LSSS and the SL also allows for the most adverse combina
tion o f instrument uncertainties associated with measuring the above observable
parameters. These instrument uncertainties include a power level variable o f 5%,
a pool water level variation o f 6 in, a flow variation o f 10%, and a core inlet
temperature variation o f 2°F. These values were chosen to be conservative.
Figure B.2 shows the basis for selection o f these LSSS values. With a LSSS
for reactor power o f 2.4 MW and a possible power measurement error o f 5%, the
true value o f thermal power could be 2.52 MW. With the maximum exit temperature
auto-rundown function set-point o f 129°F, the true value o f the maximum tempera
ture could be 131°F. Figure B.2 shows the combination o f true value o f inlet
temperature and core flow rate at which the maximum fuel plate temperature o f
the ‘hot channel’ reaches the boiling point temperature o f the coolant. It also
shows the true value o f coolant inlet temperature which would have to exist if
the reactor operated at 2.52 MW with a maximum exit temperature o f 131°F.
The selection o f LSSS values restricts operation o f the reactor to that portion o f
the graph labelled ‘Operating Region’ while variations in flow and temperature
measurements may permit operation in the cross-hatched area. These LSSS are
adequate to maintain the safety limits established in Specification 2.1.1.

2.2.2. Limiting safety system settings in the natural convection flow mode
Applicability
These specifications apply to the set point for the safety channels monitoring
the reactor thermal power (P), the pool water level (H), and the ppol water
temperature (T).
Objective
To assure that automatic protective action is initiated to prevent a safety
limit being exceeded.
Specification
The limiting safety system setting for reactor thermal power (P), height o f
water above the top o f the core (H), and pool water temperature (T) shall be as
follows:
Variables

LSSS

P (maximum)

100 kW

H (minimum)
T (maximum)

19 feet
129°F
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Bases
The safety margin between the LSSS and the SL for thermal power is
sufficient to assure that the power level will not exceed 380 kW for any antici
pated reactivity transients.
The twelve inch margin between the LSSS and the SL for height o f water
above the core is adequate to prevent the pool water level from dropping below
the safety limit, while the reactor is operating, in the event o f the most severe
anticipated leak involving pipe failure or beam tube rupture.
The control rods are automatically driven to the full-in position whenever
the pool water temperature reaches 129°F. Because o f the long time constant
associated with the heatup o f the large volume o f water in the pool, the two
degree margin between the LSSS and the SL is sufficient to prevent the tempera
ture from exceeding the safety limit while the reactor is operating.

3.

LIMITING CONDITIONS FOR OPERATION

3.1. Reactivity limits
Applicability
This specification applies to the reactivity o f the reactor core and to the
reactivity worths o f control rods and experiments. When the reactor is operated
with the heavy water reflector tank in place, the limits will not include the static
reactivity worth o f the tank.
Objective
To assure that the reactor can be controlled and shut down at all times and
that the safety limits will not be exceeded.
Specification
(a)

The shutdown margin relative to the cold, xenon-free critical condition shall
be at least 0.0075 Ak/k with the most reactive shim-safety rod fully with
drawn and the regulating rod fully withdrawn.

(b)
(c)

The shutdown margin relative to the cold, xenon-free critical condition shall
be at least 0.03 Ak/k with all three shim-safety rods fully inserted.
The overall core excess reactivity shall not exceed 0.035 Ak/k.

(d)

The total reactivity worth o f all experiments shall not exceed 0.012 Ak/k.

72

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

(e)

The reactivity worth o f each experiment and its rate o f reactivity change
shall be limited as follows:
Experiment

Maximum reactivity
worth

Maximum rate o f reactivity
insertion

Movable
Unsecured

1CT4 A k/k
0.002 Ak/k

Secured

0.012 Ak/k

Optional
10“4 Ak/k/s
Not applicable

(f)

The reactor shall be subcritical by at least 0.03 Ak/k during fuel loading

(g)

changes.
Shim-safety rods shall not be removed from the core for inspection if the

(h)
(i)

shutdown margin is less than 0.01 Ak/k with the most reactive remaining
shim-safety rod fully withdrawn.
The reactivity worth o f the regulating rod shall not exceed 0.006 Ak/k.
Experiments which could increase reactivity by flooding shall not remain in
or adjacent to the core unless the shutdown margin required in Specification
3.1.a. would be satisfied after flooding.

Bases
The shutdown margin required by Specification 3.1.a. assures that the reactor
can be shut down from any operating condition and will remain subcritical after
cooldown and xenon decay even if the control rod o f the highest reactivity worth
should be in the fully withdrawn position.
Specification 3.1.b. assures that the reactor will be adequately shut down
during all periods when the reactor controls are unattended.
Specification 3 .I.e. limits the allowable excess reactivity to the value assumed
in the safety analysis report calculation. This limit assures that the consequences
o f reactivity transients will not be increased relative to transients previously
reviewed and approved.
Specification 3.1.d. limits the reactivity, worth o f experiments to values o f
reactivity which, if introducing as a positive step change, are calculated not to
cause fuel melting.
Specification 3. I.e. limits the individual reactivity worth o f experiments and
their rate o f reactivity change. The rate limits restrict reactor periods to values
which can be compensated for by the action o f the safety system without
exceeding any safety limits.
Specifications 3.1.f . and 3.1.g. provide assurance that the core will remain
subcritical during fuel loading changes and shim-safety rod maintenance or
inspection.
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Specification 3.1.h. assures that maloperation o f the automatic control
system will not introduce sufficient excess reactivity to produce a ‘ prompt critical’
condition.
Specification 3.1.i. assures that the shutdown margin required by Specifica
tion 3. l.a. will be met in the event o f a positive reactivity insertion caused by the
flooding o f an experiment.

3.2. Reactor safety system
Applicability
These specifications apply to reactor safety system and other safety-related
instrumentation.
Objective
To specify the lowest acceptable level o f performance or the minimum
number o f acceptable components for the reactor safety system and other safetyrelated instrumentation.
Specification
The reactor shall not be made critical unless:
(a)

(b)
(c)
(d)
(e)

The reactor safety systems and safety-related instrumentation are operable
in accordance with Tables B.I and B.II, including the minimum number o f
channels and the indicated maximum or minimum set-points;
All shim-safety rods are operable;
The delay time from the initiation o f a scram condition in the scram circuit
to the release o f the shim-safety rods shall not exceed 50 ms;
The time from the initiation o f a scram condition in the scram circuit until
the shim-safety rods are inserted shall not exceed 450 ms;
Mechanical devices are installed which prevent the lifting o f fuel elements
through the movement o f control rods.

Bases
The neutron flux level scrams provide redundant automatic protective
action to prevent exceeding the safety limit on reactor power. The period scram
limits the rate o f rise o f the reactor power to periods which are manually
controllable without reaching excessive power levels or fuel temperatures.
The primary coolant flow rate and natural convection header coincident
scrams provide redundant channels to assure, when the reactor is at power levels
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TABLE B.I. REQUIRED SAFETY CHANNELS

Channel

Set-pointa

Minimum

Function

number
required

L og count rate

2 cps

Log N-period

1

R od withdrawal interlock

1

Wide range power level and
input for period scram

Period safety

5 s

1

Scram

Level safety

120% (2.4 MW)

2

Scram

(a) 900 gpm

1

Scram

100 kW

Scram

100 kW

High pow er/n o water flow

(b ) hold-up tank
isolation valve
not fully open
(c) hold-up tank
static pressure
1 psig below
full power value
High power/head down
Header u p /n o water flow

900 gpm

1

Scram

Building exhaust

1 mrem/h

1

Scram

radiation level
Scram

Building alarm
manual' switch
Manual scram switch

Scram

Magnet power key-switch

Scram
129°F

1

Auto rundown

Pool level

1 fo o t below pool
overflow

1

A u to rundown

Bridge not clamped

When clamps released

1

Scram

Reactor coolant
exit temperature

a Values listed are limiting set-points. For operational convenience, set-points may be
changed to more conservative values.

75

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

TABLE B.II. REQUIRED SAFETY-RELATED INSTRUMENTATION

Instrumentation

Set-points

Minimum

Function

number
required

Linear level channel

As required

1

Linear pow er level
measurement and input for the
automatic control mode

Power level deviation

95% o f control

interlock

point setting

Reactor coolant inlet

Not applicable

1

Return reactor to manual control
mode if set-point is reached

la

temperature

Provide inform ation for the heat
balance determination

Facility radiation
m onitor systemb
1. Building air exhaust

1 ( 1) m rem /h

1

Alarm, scram, initiate confinem ent
evacuation

2. Reactor bridge

30 (5 0 ) mrem/h

1

Alarm

3. NW column

10 (5 0 ) mrem/h

lc

Alarm

4. N wall

5 (50 ) mrem/h

lc

Alarm

5. NE colum n

2 (5 0 ) mrem/h

lc

Alarm

6. Hot DI

20 (5 0 ) mrem/h

lc

Alarm

7. Cold sump

10 (5 0 ) mrem/h

1°

Alarm

a N ot required for natural convection operation.
b The facility radiation monitoring system consists o f 7 radiation detectors which alarm and
read out locally and are recorded in the control room .. The normal set-points for this system
are shown. The value in parentheses is the maximum set-point which will be used depending
on local conditions. Use o f higher than normal set-points will require approval o f the reactor
manager or the assistant reactor manager. A ny reactor staff member may adjust a set-point
low er than the normal value.
0 O f the detectors labelled 3—7, any one unit may be out o f service for a period not to exceed
7 days without requiring reactor shutdown or replacement by a locally alarming m onitor
with similar range. Should a second o f these units require repair, such repair must be
com pleted within 24 hours or reactor shutdown or replacement o f the second unit with a
locally alarming m onitor o f similar range is required.
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which require forced cooling, that an automatic shutdown o f the reactor will
occur to prevent exceeding a safety limit if sufficient flow is not maintained.
The rod withdrawal interlock on the log count rate channel assures that the
operator has a measuring channel operating and indicating neutron flux levels
during the approach to criticality.
The core exit temperature auto-rundown function and response o f the
operator to the pool level alarm assure that the reactor will not be operated at
or above its safety limits for inlet temperature and pool level. .
.
The manual scram button and the magnet power key-switch provide two
methods for the reactor operator to manually shut down the reactor if an unsafe
or abnormal condition should occur and the automatic reactor protection does
not function.
The use o f the above specified area radiation monitor system will assure that
areas o f the facility in which a potential high radiation area exists are monitored.
Specifications 3.2.b. through 3.2.d. assure that the safety system response
will be appropriate.
3.3. FNR confinement building
Applicability
This specification applies to the FNR confinement building requirements.
Objective
To minimize the release o f airborne radioactive materials from the FNR.
Specification
(a)

(b)

The ventilation intake and exhaust dampers, the intake and exhaust
ventilating fans, and the dampers in the beam port exhaust system and the
fume hood (R oom 3103) exhaust duct shall automatically close when the
radiation level in the building ventilation exhaust duct is 1 mrem/h or more.
During reactor operation, the following conditions will be administratively
controlled:
1. Personnel access doors will be closed except as necessary for the passage
o f personnel and/or equipment;
2. The main equipment access door onto the beam hole floor will be opened
only long enough to permit the passage o f equipment;
3. The personnel door to the cooling tower area will remain clamped except
to permit the passage o f personnel and/or equipment to the cooling tower
area. The door will remain closed but not clamped until all personnel
have left the cooling tower area;
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4. The access hatch from grade level to the beam hole floor will be sealed;
5. The personnel exit door located in the north wall o f the building and the
door located on the beam hole floor which connects to the PML hot cave
operating area will be clamped closed.
Bases
The potential radiation exposure to persons at the boundary o f the exclusion
area following an accident releasing fission products within the confinement
building has been evaluated in the FNR Hazards Summary Report. The evaluation
assumed that the leakage rate from the confinement building would not exceed
10% o f the building volume per day and concluded that the accident doses would
be acceptable. Conformance to Specifications 3.3.a. and 3.3.b. will assure that the
building leak rate will not exceed the leak rate used in the evaluation.
The 1.0 mrem/h set-point for the facility exhaust radiation monitor provides
a mechanism for isolating the building ventilation system in the event o f a
significant release o f radioactive material into the reactor building. This set-point,
for the detector location involved, represents a gamma emitting nuclide concentra
tion o f 10~3 to 10-4 mCi/cm3 o f building air.
By requiring that the access doors and equipment hatch remain closed
except for brief, attended periods to permit personnel or equipment passage,
the integrity o f the confinement will be maintained at or below the value assumed
in the Hazards Summary Report and the release o f radioactive material will be
minimized.
3.4. Primary coolant conditions
Applicability
This specification applies to the limiting conditions for available pool water
volume, primary coolant pH, resistivity, radioactivity, and flow distribution.
Objective
To maintain the primary coolant in a condition to minimize the corrosion
o f the primary coolant system, fuel clad, and other reactor components, and to
assure the proper conditions o f coolant for normal and emergency requirements.
Specification
(a)
(b)

The primary coolant pH shall be maintained between 4.5 and 7.5.
The primary coolant resistivity shall be maintained at a value greater than
200 000 ohm-cm except for periods o f time not t o . exceed 7 days when the
resistivity may not be less than 50 000 ohm-cm.
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(c)

For operation at power levels in excess o f 100 kW in the forced convection
mode, all grid positions shall contain fuel elements, reflector elements, grid

(d)

plugs or experimental facilities.
For operation at powers in excess o f 1 MW, the pool gate must be in its
storage location.

Bases
Experience at this and other facilities has shown that the maintenance o f
primary coolant system water quality in the ranges specified in Specifications 3.4.a.
and 3.4.b. will control the corrosion o f the aluminium components o f the primary
coolant system and the fuel element cladding.
The requirement that all grid positions be occupied will prevent the degrada
tion o f calculated flow rates due to flow bypassing the active fuelled region
through an unoccupied grid plate position.
The requirement that the gate be stored assures that the full volume o f the
pool water is available to provide short-term cooling o f the core in the event o f
a major pool water leak from a ruptured beam port.
3.5. Heavy water reflector tank
Applicability
This specification applies to the heavy water reflector tank used in the
reactor core.
Objective
T o assure that heavy water handling in the heavy water reflector tank does
not jeopardize facility and personnel safety.
Specification
(a)

(b)

The shutdown margin for the core shall not be less than 0.10 Ak/k whenever
heavy water movements which can result in positive reactivity insertions are
undertaken.
The tritium content o f the heavy water reflector tank shall be no greater
than 50 Ci.

Bases
The largest positive reactivity increase that can be produced by replacing light
water with heavy water in the heavy water reflector tank is 0.04 Ak/k. Maintaining
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the reactor shutdown margin at no less than 0.10 A k/k during heavy water transfers
provides adequate margin to assure that the reactor will remain subcritical during
heavy water transfers that could add positive reactivity.
The 50 Ci limit imposed on the tritium content o f the heavy water reflector
tank in Specification 3.5.b. assures that the off-site concentrations o f tritium in
the event o f a tank rupture will not exceed the limit established in 10 CFR 20 for
tritium releases to uncontrolled areas.

3.6. Airborne effluents
Applicability
This specification applies to the monitoring o f airborne effluents from the
FNR.
Objective
To assure that containment integrity is maintained during reactor operation
and that the release o f airborne radioactive material from the FNR is maintained
below the limits established in 10 CFR 20.
Specification
(a)

(b)

(c)

The concentration o f radioactive materials in the effluent released from the
facility exhaust stacks shall not exceed 400 times the concentrations,
specified in 10 CFR 20, Appendix B, Table II, when averaged over time
periods permitted by 10 CFR 20.
The concentration o f radioactive materials in the effluent released by the
building ventilation exhaust shall not exceed 4 times the concentrations
specified in 10 CFR 20, Appendix B, Table II, when averaged over time
periods permitted by 10 CFR 20.
During operation o f the reactor, the following conditions shall be met:
1. The particulate activity monitor and the gaseous activity monitor for
the facility exhaust stacks shall be operating. If either unit is to be out
o f service for more than 24 hours, either (a) the reactor shall; be shut
down or (b) the unit shall be replaced by one o f comparable monitoring
capability.
2. The particulate activity monitor and the gaseous activity monitor for
the reactor building shall be operating. Temporary shutdown o f these
units shall be limited as in Specification 3.6.c. 1 above.
3. The building exhaust air radiation monitor shall be operating whenever
the reactor is in operation as required in Table B.II.
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Bases
The limits established in Specifications 3.6.a. and 3.6.b. incorporate a dilution
factor o f 400 for effluents released through the exhaust stack and a factor o f 4 for
effluents released through the reactor building ventilation exhaust. These dilution
factors were calculated from actual FNR site meteorological data and represent
the lowest dispersion factor determined and the highest frequency o f wind in any
sector. Because o f the use o f the most conservative measured values o f wind
directional frequency and dispersion factors, these dilution factors will assure that
the concentrations o f radioactive material in unrestricted areas at the FNR site
will be far below the limits o f 10 CFR 20.
The specifications regarding the requirements for monitor operation during
reactor operating periods are considered adequate to assure appropriate monitoring
capability.

3.7. Liquid effluents
Applicability
This specification applies to the monitoring o f liquid effluents from the FNR.
Objective
The objective is to assure that exposure to the public resulting from the
release o f liquid effluents will be minimized.
Specification
(a)

(b)

(c)

The concentration o f radioactive materials in the effluent released from the
facility liquid waste system to the city o f Ann Arbor sanitary sewer system
shall not exceed the quantity o f the concentrations specified in 10 CFR 20
for releases to sanitary sewer systems.
The amount o f liquid discharged shall be limited to the equivalent o f
3000 gallons o f liquid at the concentration limit specified in 3.7.a. above
each day.
Liquids from the facility waste system shall not be discharged into the storm
drain system.

Bases
All contaminated liquid effluents are collected in a series o f three 3000 gallon
coated steel tanks. The liquid waste in the tank is sampled and analysed before
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discharge, and when the concentration is less than the limit o f 10 CFR 20, it is
discharged to the sanitary sewer system.
Current experience requires discharges o f less than 50 tanks per year. During
1970, the North Campus water released into the sanitary sewer system averaged
946 000 gallons per day. This provides a daily dilution factor o f 315 for a
3000 gallon waste tank, which assures that there will be no significant exposure
to the public from radioactive waste discharged to the sanitary sewer system.

3.8. Limitations o f experiments
Applicability
This specification applies to experiments installed in the FNR.
Objective
T o prevent damage to the reactor or excessive releases o f radioactive
materials in the event o f an experiment failure.
Specification
(a)

Each experiment shall be designed so that the surface temperature shall be
below the temperature calculated for the inception o f nucleate boiling. Prior
to insertion in the reactor, any capsule which is expected to operate with an
internal pressure in excess o f 1 atm shall be tested at a pressure twice the
calculated maximum pressure.

(b)

All experiments which are in contact with the reactor coolant shall be either
corrosion resistant or encapsulated with corrosion resistant containers.

(c)
(d)

Explosive materials shall not be placed in the reactor pool.
Neutron radiography o f explosives shall be conducted with the explosives
contained in a blast-proof irradiation container which has been successfully
prototype tested and demonstrated not to fail by detonation o f at least

(e)

twice the amount o f explosive to be irradiated.
The radioactive material content, including fission products, o f any singly
encapsulated experiment should be limited, so that the complete release o f
all gaseous, particulate, or volatile components from the encapsulation could
not result in doses in excess o f 10% o f the equivalent annual doses stated in
10 CFR Part 20. This dose limit applies to persons occupying (1) unrestricted
areas continuously for two hours starting at time o f release or (2) restricted
areas during the length o f time required to evacuate the restricted area.

(f)
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release o f all gaseous, particulate or volatile components from the encapsula
tion or confining boundary o f the experiment could not result in (1) a dose
to any person occupying an unrestricted area continuously for a period o f
two hours starting at the time o f release in excess o f 0.5 rem to the whole
body or 1.5 rem to the thyroid or (2) a dose to any person occupying a
restricted area during the length o f time required to evacuate the restricted
area in excess o f 5 rem to the whole body or 30 rem to the thyroid.
Bases
Specifications 3.8.a. through 3.8.d. are intended to reduce the likelihood o f
damage to reactor components and/or radioactivity releases resulting from experi
ment failure arid serve as a guide for the review and approval o f new and untried
experiments by the facility personnel and the Safety Review Committee.
Neutron radiography at the FNR is conducted in a vertical beam tube which
is located adjacent to the core in the heavy water reflector tank. This beam tube
does not penetrate the pool wall and it cannot cause a loss o f coolant from the
pool. The item being radiographed is located on a stand on the reactor bridge and
does not contact the water o f the reactor pool.
In the radiography o f explosives, the explosive devices will be contained,
during exposure, inside a blast-proof b ox which will be located above the pool at
the end o f the beam tube. The b ox will not be coupled to the beam tube and will
be constructed to fully contain any blast effects or missiles which might be
generated by an accidental detonation.
Specifications 3.8.e. and 3.8.f. conform to the regulatory position put forth
in Regulatory Guide 2.2. issued November 1973.

4.

SURVEILLANCE REQUIREMENTS

4.1. Reactivity limits
Applicability
This specification applies to the surveillance requirements for reactivity
limits.
Objective
To assure that the reactivity limits o f Specification 3.1 are not exceeded.
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Specification

(a)

(b)

Shim-safety rod reactivity worths shall be measured:
1. Not less than once each calendar year.
2. Whenever the fuel elements in more than three interior core locations
are replaced.
3. Whenever the replacement o f a fuel element in an interior core location
results in a fuel mass change o f more than 10%.
4. Whenever the addition o f more than three standard fuel elements to an
outer face o f the core is required to achieve the necessary excess
reactivity for the operation o f the reactor.
If the rod has an exposure o f less than 1.7 X 1020 nvt, the rods must

be

visually inspected and put through a jig to check for swelling at least once
every six months. Any shim-safety rod which has visual evidence o f cracking
will be removed from service. The shim-safety rods shall be visually inspected
and put through a jig to check for swelling at intervals not to exceed 65 mega
watt days or six months, whichever comes first if the accumulated neutron
exposure is in excess o f 1.7 X lO20 nvt.
(c)

The reactivity worth o f those experiments whose safety review indicates a
need for such a determination shall be measured prior to the experiment’s
initial use. That worth shall be verified if core configuration changes occur
which could reasonably be expected to cause increases in experiment
reactivity worth whereby the experiment worth could exceed the values
specified in Specification 3.1.

Bases
Specification 4.1 .a. will assure that shim-safety rod reactivity worths are not
degraded or changed by core arrangements.
Specification 4 .l.b. relating to shim-safety rod inspections is in agreement
with the analysis and terms o f Amendment No. 18 to the facility licence.
The specified surveillance relating to the reactivity worth o f experiments will
assure that the reactor is not operated for extended periods before determining
the reactivity worth o f experiments. This specification also provides assurance
that experiment reactivity worths do not increase beyond the established limits
due to core configuration changes.

4.2. Reactor safety system
Applicability
This specification applies to the surveillance o f the reactor safety system.
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TABLE B.III. REACTOR SAFETY SYSTEM CHANNELS
Neutron flux level safety channels
Period safety channel
Flow and con vection header related scrams
Log count rate (startup channel)

Objective
To assure that the reactor safety system is operable as required by
Specification 3.2.
Specification
(a)

A channel test o f each o f the reactor safety system channels listed in
Table B.III shall be performed:
1. Prior to each reactor startup following a period when the reactor was

(b)
(c)

secured; or
2. After a channel has been repaired or de-energized.
A channel calibration o f the safety channels listed in Table B.I, which can
be calibrated, shall be performed at least once each calendar year.
A channel check o f the neutron flux level safety channels during reactor
operation comparing the channel outputs with a heat balance shall be
performed shortly after reaching operating power level and weekly there

(d)

(e)
(f)
(g)

after if the reactor is to be operated at a thermal power level above 500 kW.
The operation and set-points o f the radiation monitoring system required in
Specification 3.2 shall be verified:
' 1. Prior to every reactor startup for which safety system channel tests are
required as in 4.2.a.; or
2. If the system has been repaired or de-energized.
The radiation monitor system required in Specification 3.2. shall be calibrated
not less than once every six months.
Shim-safety rod drop time and delay time shall be measured not less than
once each calendar year.
Shim-safety rod drop time shall be measured whenever the shim-safety rod ’s
core location is changed or maintenance is performed which could affect the
rod’s drop time.

Bases
Pre-startup tests o f the safety system channels assure their operability.
Annual calibration detects any long-term drift that is not detected by normal
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intercomparison o f channels. The channel check o f the neutron flux level
channel assures that the detectors are properly adjusted to accurately monitor
the parameter they are measuring.
The radiation monitors installed at the FNR are equipped with a set-point
which causes an alarm if a unit’ s signal drops below that set-point. In addition,
the operator regularly records the readings o f these monitors and will be aware
o f any unusual indications.
The monitoring system employed at the FNR has exhibited very good stability
over its lifetime, and semi-annual calibration is considered adequate to assure that
it is free from long-term drift.
The measured drop times and delay times o f the shim-safety rods have been
consistent since the installation o f the boron/stainless steel shim-safety rods in 1962.
Annual check o f these parameters is considered adequate to detect any deteriora
tion which could change the drop time or delay time. Binding or rubbing caused
by rod misalignment could result from maintenance; therefore, drop times will be
checked after such maintenance.
4.3. FNR confinement building
Applicability

This specification applies to the surveillance o f the facility openings and
dampers.
Objective
T o assure that the closure devices for the building openings are in satisfactory
condition to assure their ability to provide adequate confinement o f any airborne
radioactivity released into the building.
Specification
(a)

The dampers described in Specification 3.3.a shall be tested for
operability whenever complete check-out o f the reactor control system
is required prior to startup. This operability test will be a portion o f the
startup check-out list for the facility.

(b)

The condition o f the gasket used on:
1. Building ventilation system intake and exhaust dampers;
2. Personnel access doors;
3. Equipment access doors;
4. Cooling tower access door shall be inspected at intervals not to exceed
six months, and shall be replaced whenever any evidence o f gasket material
deterioration is found.
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Bases
The pre-start check o f the main damper function provides assurance that the
automatic function provided by these dampers will be actuated when confinement
isolation is required. The semi-annual inspection o f gasket materials, since these
materials are not in a damaging atmosphere, will provide assurance that the gaskets
will perform their function o f limiting leakage through these openings in the event
o f a release o f airborne activity into the building.
4.4. Primary coolant system
Applicability
This specification applies to the surveillance o f the primary coolant system.
Objective
To assure high quality pool water and to detect the release o f fission products
from fuel elements.
Specification
(a)

The pH o f the primary coolant shall be measured weekly.

(b)
(c)
(d)

The resistivity o f the primary coolant shall be measured weekly.
The radioactivity o f the primary coolant shall be analysed bi-weekly.
A record o f pool make-up water shall be maintained to discover significant
leakage o f primary coolant from the facility.

Bases
Regular surveillance o f pool water quality and radioactivity provides assurance
that pH and conductivity changes that could accelerate the corrosion o f the
primary coolant system would be detected before significant corrosive damage
would occur and that the presence o f leaking fuel elements in the reactor is
detected.
Routine inspection o f make-up water needs over a period o f time provides
early warning o f small pool water leaks.
4.5. Heavy water reflector tank
Applicability
This specification applies to surveillance requirements regarding the heavy
water reflector tank used in the reactor core.
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Objective
To assure that the limits o f Specification 3.5 are not exceeded.
Specification
(a)
(b)

The shutdown margin required by Specification 3.5.a will be verified when
ever heavy water transfers as described in that specification are to be made.
The tritium content o f the heavy water reflector tank shall be measured not
less than once every three months provided the reactor has operated during
that period.

Bases
Actual verification o f the shutdown margin required in 3.5.a. will assure that
the reactor stays subcritical under all possible circumstances regarding heavy water
transfers.
Reactor experience during the last eight years with the tritium production
rate in the tank supports the conclusion that quarterly tritium analyses would be
sufficient to prevent violation o f Specification 3.5.b.
4.6. Airborne effluents
Applicability
This specification applies to the surveillance o f the monitoring equipment
used to measure airborne radioactivity.
Objective
The objective is to assure that accurate assessment o f airborne effluents can
be made.
Specification
(a)

The building exhaust air radiation monitor shall be calibrated not less than
once every six months.

(b)

The particulate air monitors shall be calibrated not less than once every six
months.

(c)

The gaseous activity monitors shall be calibrated for 4,A not less than once
every six months.

(d)

The operation o f all airborne activity monitors shall be checked daily
except when the reactor staff is not present in the facility.
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Bases
Experience with the electronic reliability and calibration stability o f the
units used at this facility demonstrates that the above periods are reasonable
surveillance frequencies.
4.7. Liquid effluents
Applicability
This specification applies to the surveillance o f the monitoring equipment
used to measure the activity in liquid effluents.
Objective
The objective is to assure that accurate assessments o f liquid effluents can be
made.
Specification
(a)

The monitoring equipment used to measure the radioactive concentrations in
the waste tank contents shall be calibrated not less than once every six months.

(b)

The content o f every tank released shall be sampled and evaluated prior to its
release.

Bases
Experience with the counting equipment used in measuring the radioactivity
in the waste tanks suggests that the above period is a suitable calibration frequency.

5.

DESIGN FEATURES

5.1. Site description
The Ford Nuclear Reactor is located in the North Campus o f the University
o f Michigan at Ann Arbor, Michigan. The North Campus area is under the
administrative control o f the Regents o f the University o f Michigan.
The North Campus is a tract o f nearly 900 acres, about 1.5 miles northeast
o f the centre o f Ann Arbor. It is bounded on the north by Plymouth Road and on
the south partly by Glacier Way and partly by submarginal land. Open land and
the Arborcrest Cemetery lie to the east. T o the south lie the Veteran’s Hospital
and the Municipal G olf Course. T o the west are another part o f the Municipal
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G olf Course and a wooded ridge. The Huron River flows through the land
bordering the area on the west and south and some marshland lies adjacent to the
river on the south.
The reactor building is located near the centre o f the North Campus area.
Development o f the North Campus area by the University has been done using the
following guidelines:
(a)
(b)

Only laboratory and research buildings will be constructed within 50 feet o f
the reactor.
No housing or other buildings containing housing facilities will be erected
within 1500 feet o f the reactor.

The University o f Michigan controls all the land within 1500 feet o f the
reactor site, with the exception o f a small portion o f the highway right-of-way
along Glacier Way on the southeast and the Arborcrest Cemetery located 800 feet
to the east o f the site.
The reactor exclusion area will consist o f all the land 500 feet to the east,
1000 feet to the west and north and 1200 feet to the south. This boundary
description is the location o f roadways around the site whose traffic flow into
the site could be controlled by University personnel should such control be
desirable.
The reactor restricted area consists o f the reactor building and the adjacent
Phoenix Memorial Laboratory.
5.2. Reactor fuel
The fuel elements shall be o f the MTR type, consisting o f plates containing
uranium-aluminium alloy fuel (uranium enriched in the isotope 235U), clad with
aluminium. There shall be 18 fuel plates containing 140 (± 2%) grams o f 23SU in
the standard fuel elements, and 9 fuel plates containing 70 (± 2%) grams o f 235U
in the control rod fuel elements. Partially loaded fuel elements in which some o f
the plates do not contain uranium may be used.

5.3. Reactor building
The reactor building is a windowless, 4 storey, reinforced concrete
building with 12 inch walls structurally integral with the footings and foundation
mats. The building is approximately 69 feet wide, 68 feet long, and 70 feet high
with approximately 44 feet exposed above grade. The building has the following
general features:
(a)
(b)
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for the building cooling tower which exhausts a minimum o f 45 feet above
(c)
(d)

ground level.
The ventilation system provides ventilation for certain storage and experi
mental facilities and exhausts these a minimum o f 54 feet above ground level.
The openings into the reactor building are the equipment access door, the
personnel doors, the equipment access hatch, the air intake and exhaust ducts,
the R oom 3103 fume hood exhaust duct, the beam port ventilation duct,
the north wall door, the door between the hot cave operating face and the
beam hole floor, and the pneumatic system for sample transfer between the
FNR and several laboratories in the Phoenix Memorial Laboratory.

5.4. Fuel storage
(a)

(b)

6.

Irradiated fuel elements and fuelled devices shall be stored in an array which
will permit sufficient natural convection cooling by water or air such that
the fuel element or fuelled device temperature will not exceed 100°C.
All reactor fuel elements and fuelled devices shall be stored in a geometric
array which assures subcriticality. The array spacings will be based on the
experimental results reported in ORNL-CF-5 8-9-40 for storage array experi
ments performed with ORR and BSF fuel elements.

ADMINISTRATIVE CONTROLS

6.1. Organization
(a)
(b)

(c)

The organizational structure o f the University o f Michigan relating to the
Ford Nuclear Reactor (FN R) shall be as shown in Fig.B.3.
The FNR reactor manager shall be responsible for the safe operation o f the
FNR. He shall be responsible for assuring that all operations are conducted
in a safe manner and within the limits prescribed by the facility licence,
including the technical specifications and the regulations. During periods
o f his absence, his responsibilities are delegated to the assistant reactor manager.
In all matters pertaining to the operation o f the plant and these technical
specifications, the FNR reactor manager shall report to and be directly
responsible to the Director, Michigan Memorial Phoenix Project.

(d)

The minimum qualifications for the FNR reactor manager shall be a bachelor’s
degree and at least four years o f reactor operating experience in increasingly
responsible positions. Years spent in graduate study may be substituted for
operating experience on a one-for-one basis up to a maximum o f two years.
Within six months after being assigned this position, the reactor manager
shall apply for an NRC senior operator licence if he does not already hold one.
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FIG .B .3.

(e)
(f)

Organization chart fo r the F o rd N uclear Reactor.

A health physicist who is organizationally independent o f the FNR operations
group shall be responsible for radiological safety at the facility.
A licensed operator or licensed senior operator pursuant to 10 CFR 55 shall
be present at the controls whenever the reactor is in operation as defined in
these specifications. The minimum operating crew will be composed o f two
individuals, at least one o f whom will be so licensed.

(g)

A licensed senior operator (LSO) shall be present or readily available on call
at any time the reactor is in operation.

(h)

The identity o f and method for rapidly contacting the licensed senior operator
on duty shall be known to the reactor operator at any time that the reactor

(i)
(j)
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6.2. Review and audit
(a)

(b)

(c)
(d)

A Safety Review Committee shall review reactor operations and advise the
Director o f the Michigan Memorial Phoenix Project in matters relating to the
health and safety o f the public and the safety o f the facility operations.
The Safety Review Committee shall have at least eight members, o f whom no
more than the minority shall be from the line organization shown in Fig.B.3
or administratively report to anyone in that line organization below the Vice
President for Research. The Committee shall be made up o f University staff
and faculty who shall collectively provide experience in reactor engineering,
instrumentation and control system, radiological safety, and mechanical and
electrical systems.
The Committee shall meet at least semi-annually.
The quorum shall consist o f not less than a majority o f the full Committee
and shall include the chairman or his designated alternate.

(e)

Minutes o f each Committee meeting shall be distributed to the Director,
Michigan Memorial Phoenix Project, all Safety Review Committee members,
and such others as the chairman may designate.

(f)

The Safety Review Committee shall:
1. Review and approve proposed experiments and tests utilizing the reactor
facility which are significantly different from tests and experiments
previously performed at the FNR. In the event o f a disagreement over
approval o f an experiment between the Committee and the Reactor
Manager, the matter shall be referred to the Director, Michigan Memorial
Phoenix Project, for resolution.

(g)

2. Review reportable occurrences.
3. Review and approve proposed standard operating procedures and proposed
changes to standard operating procedures. This requirement pertains to
those procedures prepared pursuant to Section 6.4 o f these Specifications.
4. Review and approve proposed changes to the technical specifications and
proposed amendments to the facility licence and review proposed changes
to the facility made pursuant to 10 CFR 50.59 (c).
5. Review the report provided by the consultant for reactor operations audit.
A consultant will be retained by the University to perform an annual audit o f
reactor operations and the safety o f facility operations. The consultant shall be
selected by the Director, Michigan Memorial Phoenix Project, and shall be an
individual presently or recently engaged in the management o f a research or
test reactor o f comparable power level and type. He shall provide a report on
the conclusions drawn from that audit to the Director, Michigan Memorial
Phoenix Project. The Director shall provide the members o f the Safety Review
Committee with copies o f this report.
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(h)

The consultant for the operations audit shall:
1. Audit reactor operations and reactor operational records for compliance
with internal rules, procedures, and regulations and with licence provisions
including technical specifications.
2. Audit existing standard operating procedures for adequacy and to assure
that they achieve their intended purpose in light o f any changes since their
implementation.
3. Audit plant equipment performance with particular attention to operating
anomalies, reportable occurrences, and the steps taken to identify and
correct their causes.

6.3. Action to be taken in the event o f a reportable occurrence
In the event o f a reportable occurrence, as defined in these Technical
Specifications, the following action shall be taken:
(a)

(b)

The FNR reactor manager shall be notified o f the occurrence. Corrective
action shall be taken to correct the abnormal condition and to prevent its
recurrence.
A report o f such an occurrence shall be made to the Safety Review Committee;
the Director, Michigan Memorial Phoenix Project; and the Nuclear Regulatory
Commission in accordance with Section 6 .6 .b. 1. The report shall include an
analysis o f the causes o f the occurrence, the effectiveness o f corrective actions
taken, and the recommendations o f measures to prevent or reduce the
probability or consequences o f recurrence.

6.4. Operating procedures
Written procedures, including applicable check-lists, reviewed and approved
by the Safety Review Committee shall be in effect and followed for the following
operations:
(a) Startup, operation and shutdown o f the reactor.
(b) Installation and removal o f fuel elements, control rods, experiments and
experimental facilities.
(c)

Actions to be taken to correct specific and foreseen potential malfunctions
o f systems or components, including responses to alarms, suspected primary
coolant system leaks, and abnormal reactivity changes.

(d) Emergency conditions involving potential or actual release o f radioactivity,
including provisions for evacuation, re-entry, recovery, and medical support.
(e) Maintenance procedures which could have an effect on reactor safety.
(f) Periodic surveillance o f reactor instrumentation and safety systems, area
monitors, and continuous air monitors.
(g) Facility security plan.
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Substantive changes to the above procedures shall be made only with the
approval o f the Safety Review Committee. Temporary changes to the procedures
that do not change their original intent may be made with approval o f the FNR
reactor manager or the assistant reactor manager. All temporary changes to the
procedures shall be documented and subsequently reviewed by the Safety Review
Committee.

6.5. Operating records
(a)

The following records and logs shall be prepared and retained by the licensee
for at least five years:
1. Normal facility operation and maintenance;
2. Reportable occurrences;
3. Tests, checks, and measurements documenting compliance with surveillance
requirements;
4. Records o f experiments performed;
5. Records o f radioactive shipments;
6.

Operator requalification programme records;
(The five-year period will commence after termination o f the assignment
o f the operator to operative duties.)

7. Facility radiation and contamination surveys.
(b)

The following records and logs shall be prepared and retained by the licensee
for the life o f the facility:
1.
2.
3.
4.

Gaseous and liquid wastes released to the environs;
Off-site environmental monitoring surveys;
Radiation exposures for all FNR personnel;
F u el in ven tories and transfers;

5. Updated, corrected, and as-built facility drawings;
6 . Minutes o f Safety Review Committee meetings.

6 .6

. Reporting requirements
The following information shall be submitted to the USNRC in addition to

the reports required by Title 10, Code o f Federal Regulations.
6.6.1.

Annual operating reports

A report covering the previous year shall be submitted to the Director o f the
appropriate Regional Inspection and Enforcement Office by March 31 o f each
year. It shall include the following:
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(1) Operations summary
A summary o f operating experience having safety significance occurring
during the reporting period including:
(a)

Changes in facility design.

(b)

Performance characteristics (e.g. equipment and fuel performance).

(c)

Changes in operating procedures which relate to the safety o f facility
operations.

(d)

Results o f surveillance tests and inspections required by these Technical
Specifications.

(e)

A brief summary o f those changes, tests, and experiments which required
authorization from the Commission pursuant to 10 CFR 50.59(a).

(0

Changes in the plant operating staff serving in the following positions:
1. FNR reactor manager;
2. Health physicist;
3. Safety Review Committee members.

(2)

Power generation

A monthly tabulation o f the thermal output o f the facility during the
reporting period.
(3)

Shutdown

A listing o f unscheduled shutdowns which have occurred during the
reporting period, tabulated according to cause, and a brief discussion o f the actions
taken to prevent recurrence.
(4)

Maintenance

A discussion o f corrective maintenance (excluding preventive maintenance)
performed during the reporting period on safety-related systems and components.
(5)

Changes, tests and experiments

A brief description and a summary o f the safety evaluation for those changes,
tests, and experiments which were carried out without prior Commission approval,
pursuant to the requirements o f 10 CFR 50.59(a).
(6 )

Radioactive effluent releases,

A statement o f the quantities o f radioactive effluents released from the plant,
with data summarized:
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(a)

Gaseous effluents
1.

Gross radioactive releases
(a)
(b)
(c)
(d)

2.

Total gross radioactivity (in curies), primarily noble and activation
gases.
Average concentration o f gaseous effluents released during normal
steady-state operation (average over the period o f reactor operation).
Maximum instantaneous concentration o f noble gas radionuclides
released during special operations, tests, or experiments.
Per cent o f technical specification limit.

Iodine releases
(Required if iodine is identified in primary coolant samples, or if fuelled
experiments are conducted at the facility.)

3.

(b)

(a)

Total iodine radioactivity (in curies) by nuclide released, based on

(b)

representative isotopic analyses performed.
Per cent o f MPC.

Particulate releases
(a)

Total gross radioactivity ()3, 7 ) released (in curies) excluding back
ground radioactivity.

(b)

Gross alpha radioactivity released (in curies) excluding background
radioactivity. (Required if the operational or experimental
programme could result in the release o f alpha emitters.)

(c)

Total gross radioactivity (in curies) o f nuclides with half-lives
greater than eight days.

(d)

Per cent o f MPC for particulate radioactivity with half-lives greater
than eight days.

Liquid effluents
1.

Total gross radioactivity (j3, 7 ) released (in curies) excluding tritium and
average concentration released to the unrestricted area or sanitary sewer
system (averaged over period o f release).

2.

The maximum concentration o f gross radioactivity (|3, 7 ) released to the
unrestricted area.

3.

Total alpha radioactivity (in curies) released and average concentration

4.

released to the unrestricted area (averaged over the period o f release).
(Required if the operational or experimental programme could result in
the release o f alpha emitters.)
Total volume (in mL) o f liquid waste released.
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5.

6.

7.

(7)

Total volume (in mL) o f water used to dilute the liquid waste during the
period o f release prior to release from the building to the sanitary sewer
system.
Total radioactivity (in curies) and concentration (averaged over the
period o f release) by nuclide released, based on representative isotopic
analyses performed for any release from a waste storage tank whose
contents have a concentration in excess o f 9 X 10 ~4 m Ci/cm 3.
Per cent o f technical specification limit for total radioactivity from the
site.

Environmental monitoring
For each medium sampled:

(a)

Number o f sampling locations and a description o f their location relative to

(b)
(c)

the reactor.
Total number o f samples.
Number o f locations at which levels are found to be significantly higher than
the remaining locations.

(d)

Highest, lowest, and annual average concentrations or levels o f radiation for

(e)

the sampling point with the highest average and the location o f that point
with respect to the site.
The maximum cumulative radiation dose which could have been received by
an individual continuously present in an unrestricted area during reactor
operation from direct radiation and gaseous effluent and from liquid effluent.

(f)

I f levels o f radioactive materials in environmental media as determined by an
environmental monitoring programme indicate the likelihood o f public
intakes in excess o f 1 % o f those that could result from continuous exposure
to the concentration values listed in Appendix B, Table II, 10 CFR 20,
estimates o f the likely resultant exposure to individuals and to population
groups and assumptions upon which estimates are based shall be provided.

If significant variations o f off-site environmental concentrations with time are
observed, correlation o f these results with effluent release shall be provided.
(8 )

Occupational personnel radiation exposure
A summary o f radiation exposures greater than 500 mrem (50 mrem for

persons under 18 years o f age) received during the reporting period by facility
personnel (faculty, students, or experimenters).
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6.6.2.

(1)

Non-routine reports

Reportable occurrence reports

Notification shall be made within 24 hours by telephone and telegraph to the
Director o f the appropriate Regional Inspection and Enforcement Office followed
by a written report within 14 days to the Director o f the Regional Inspection and
Enforcement Office in the event o f a reportable occurrence, as defined in
Section 1. The written report on a reportable occurrence, and, to the extent
possible, the preliminary telephone and telegraph2 notification shall:
(a)

Describe, analyse, and evaluate safety implications.

(b)

Outline the measures taken to assure that the cause o f the condition is
determined.

(c)

Indicate the corrective action (including any changes made to the procedures
and to the quality assurance programme) taken to prevent repetition o f the

(d)

Evaluate the safety implications o f the incident in light o f the cumulative
experience obtained from the record o f previous failure and malfunctions o f

occurrence and o f similar occurrences involving similar components or systems.

similar systems and components.
(2)

Unusual events

A written report shall be forwarded within 30 days to the Director o f the
Regional Inspection and Enforcement Office in the event o f:
(a)

(b)
(c)

Discovery o f any substantial errors in the transient or accident analyses or
in the methods used for such analyses, as described in the Hazards Summary
Report or in the bases for the Technical Specifications.
Discovery o f any substantial variance from performance specifications
contained in the Technical Specifications or in the Hazards Summary Report.
Discovery o f any condition involving a possible single failure which, for a
system designed against assumed failures, could result in a loss o f the
capability o f the system to perform its safety function.

2 Telegraph notification may be sent on the next working day in the event o f a reportable
occurrence during a weekend or holiday period.
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B.2. SAFETY SPECIFICATIONS FOR THE
ZERLINA RESEARCH REACTOR (India)

This manual is a compilation o f various office orders and standing instructions
issued from time to time and is expected to be handy to supervisors and
operators in operating and administrating the reactor programmes. Zerlina
policy and system manuals, along with these standing instructions,* will give the
necessary guidance concerning the reactor and system operations. Shift
supervisors/operators shall use their discretion wherever necessary and consult
the reactor superintendent/operational engineer for the safety o f the reactor
and the connected auxiliaries.

1.

GENERAL
In the absence o f the reactor superintendent without any alternative arrange

ments the operational engineer shall exercise the authority and discharge the
responsibilities o f the reactor superintendent. In the absence o f both the reactor
superintendent and the operational engineer the senior shift-in-charge shall
exercise the powers o f the reactor superintendent and discharge his responsibilities
to the minimum extent necessary to ensure the safety o f plant and personnel.
On holidays (with no work associated with the reactor tank in progress
and heavy water pumps shut down and the heavy water storage tank isolated
from the reactor tank) the basement operator will be the authorized building
attendant.
Each operator/helper o f the outgoing shift will be relieved by the incoming
operator/helper in the basement after appraising the status o f the plant at that
time and about special instructions received or incidents that occurred during
his shift. (This is applicable to supervisors also whenever the reactor is operating.)
1.1. Drawings and manuals
1.1.1.

A set o f drawings is provided in the reactor superintendent’s office for

reference purposes and these shall not be removed from there for long periods
o f time. Drawings removed shall be put back in the place from where they
were taken.
1.1.2.

A set o f manuals is available in the control room and basement for

reference and these shall not be removed from the above places. They are
to be put back in their original place after use.
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1.1.3. Drawings, manuals and technical literature borrowed by individuals
from the library (Reactor Operations Division) (R.O.D.) or elsewhere shall
not be kept in personal lockers for prolonged periods and these are also to be
returned within the specified time.
1.2. Film badges and gate passes
1.2.1. Issue o f film badges, dosimeters, etc., is taken care o f by the Radiation
Hazards Control (R.H.C.) unit located in Zerlina. However, issue o f film badges
to new personnel, visitors, etc., is done in consultation with the reactor
superintendent.
1.2.2. For material movement inside and outside the establishment, only the
reactor superintendent can issue the necessary gate passes.
1.3. Valve slips, log sheets and shift reports
1.3.1. Trainee supervisors may prepare valve slips, shift reports, daily reports,
rod agenda, etc., but these must be countersigned by the authorized shift-incharge, who will assume full responsibility for them.
1.3.2. Valve slips should precede valve changes in any system at all times.
Only the shift operator is authorized to carry out the valve slip. The pin board
should always be corrected immediately after the valve slip is carried out.
1.3.3. In an emergency, valve changes can be carried out on oral instructions
but such changes should be regularized by a valve slip immediately and the pin
board corrected. After a valve slip has been carried out, it must be duly signed
by the shift operator and returned to the control room along with keys, if any.
1.3.4. Any change in the status o f equipment shall be reported in the log.
Unusual occurrence and fault reports should be prepared before the end o f the
concerned shift.
1.3.5.

The day’s log sheets o f both the supervisors and operators, along with

the shift reports, draft summary reports, etc., shall be shown to the reactor
superintendent.
1.3.6. Old log sheets, valve slips, work permits, etc., must be carefully arranged
and preserved in the reactor superintendent’s office.
1.4. Trips and alarms
1.4.1. Toggle switches on the scram and alarm panels shall be operated by the
shift supervisor or his deputy only. In the basement, only the shift operator is
authorized to acknowledge or clear the alarms.
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1.4.2. No scram or alarm signal shall be jumpered or bypassed without the
written authorization o f the reactor superintendent. The jumper shall not be
retained longer than absolutely necessary.
1.4.3. All scram and alarm settings and all control, electronic and health
instruments shall be checked according to schedules prepared by the reactor
superintendent and/or the respective maintenance engineer.
1.4.4.. No settings will be altered from the pre-set values without the written
permission o f the reactor superintendent.
1.5. Operation o f instrumentation
1.5.1. Whenever a recorder chart is replaced or renewed the following details
will be entered in the chart by the person who does the jo b : ( 1 ) name o f the
recorder from which the chart is removed; and ( 2 ) date and time o f renewal.
The chart should be adjusted for correct time. Also, when charts are adjusted
for time, the date and time should be recorded on the chart.
1.5.2.

Removed charts shall be preserved in the reactor superintendent’s room.

1.6. Maintenance
1.6.1. Any kind o f maintenance job shall be carried out only on a written
authorization/work permit from the shift supervisor.
1.6.2. All precautions and instructions stated in the work permits by the shift
supervisor and the health physicist shall be adhered to.
1.6.3. The work permit shall be cleared before the close o f the day, indicating
the status o f the job : whether it is completed or not. A new permit shall be
taken if the jo b is to be continued the next day.
1.6.4. Only personnel o f respective maintenance sections are authorized to
m odify, remove, replace or service the equipment.
1.6.5. Changes in the reactor control and/or safety systems including the
movement o f ion chambers to be performed by the maintenance section must
be authorized in writing by the reactor superintendent.
1.6 . 6 . The shift operator shall ensure that the equipment is properly shut down
and isolated as per instructions from the shift supervisor before handing over to
maintenance personnel. Control fuses will be removed wherever necessary and
retained by the electrician if indicated in the permit.
1.6.7.

Whenever any slot is opened at the reactor top for rod work or for

maintenance o f limit switches, etc., fresh air masks shall be worn by the person
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or persons likely to breathe the nitrogen gas coming out o f the opening. (A
fresh air line has been provided on the reactor top for this purpose.)
1.6 . 8 . The power supply to the equipment will be resumed only on specific
authorization from the shift supervisor. Alarm circuits will not be switched
o f f or bypassed at any time.
1.6.9. Maintenance jobs to be undertaken during shutdown will be noted in
the shutdown jobs register.

2.

REACTOR OPERATION

Only supervisors who are authorized to take independent charge should
start the reactor and control its operation.
Any other supervisor assigned to work with the authorized supervisor may
be authorized by the reactor superintendent to start the reactor and control its
operation in the presence and under the guidance o f the senior shift supervisor
only provided he has been in Zerlina Operations for at least one year.
Whenever the reactor is operating one o f the shift supervisors shall be
present in the control room at all times.
One health physicist must be present in the building during reactor startup
and normal operation.
2.1. Startup (after a long shutdown or major core change)
2.1.1. Unless the performance o f all the safety rods, dump valves and slack
wire switches is fully satisfactory, the reactor shall not be started.
2.1.2. Before each startup, all pre-startup checks and operations shall be carried
out as per Zerlina Form No. ZER-1.
2.1.3. After every long shutdown the following additional checks shall be done
before startup.
2.1.3.1.

The shift supervisor shall ensure that the fuel loading, heavy water in

the system, experimental loadings, etc., are according to the requirements
prescribed and authorized.
2.1.3.2. The ion chamber and the BF 3 counters o f the control system shall
have been ascertained to be in their intended locations in the bottom graphite
reflector. A pre-startup maintenance o f all the control electronic instruments
shall have been carried out and their performance verified to be satisfactory.

104

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

2.1.3.3. All radiation instruments and recorders shall be calibrated with a
standard source.
2.1.3.4. The period amplifier shall be checked by introducing a 250 mCi Ra-Be
source in the experimental hole.
2.1.4.

Before approaching to criticality the following tests shall be carried out.

2.1.4.1.

As per normal procedure all pre-startup checks shall be done.

2.1.4.2.

After checking the neutron source to be in fully ‘IN’ position, the rod

bank shall be raised to the top and heavy water pumped into the reactor tank
up to 30 cm level or until the count rate on the scaler increases by 100%
(compared to count rate with no heavy water pumped in), whichever is earlier.
2.1.4.3.

The reactor shall be scrammed on manual to check the performance

o f dump valves and safety rods.
2.1.5. After stabilizing the power and noting the critical height, the reactor
shall be scrammed on manual and the rod drop time and also the arresting points
o f the rod banks shall be noted using the fast recorder. The arresting point
should be between 50 and 60 cm and rod drop time up to arresting points should
be 1 s ± 50 ms. The reactivity worth o f rod banks shall also be determined.
The total worth o f the two banks should not be less than 5.2% at any time.
2.1.6 . Notwithstanding anything mentioned above, safety rod worth and drop
time shall be checked once in three months.
2.2. Startup (for normal operation)
2.2.1. Reactor startup and operation shall be undertaken according to the
programme approved by the reactor superintendent. No deviation from the
programme is permitted without prior approval o f the reactor superintendent.
In the event o f doubt regarding the programme and instructions thereof,
clarification shall be sought from the reactor superintendent before proceeding
with the operation.
2.2.2.

All maintenance and bypass keys shall be returned to the reactor super

intendent before startup.
2.2.3.

The presto-sign boards shall be checked and verified to be up to date.

2.2.4.

Maximum permissible operating power is limited to 100 W and in any

case integrated power developed during a fortnight should not exceed 2500 W-h.
2.2.5.

At no time shall the doubling time be less than 40 s.

2.2.6.

On all occasions except during startup by the sub-critical approach, if the

period meter and recorder do not show a signal appreciably better than infinity
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at the expected critical height, shut down the reactor and contact the reactor
superintendent.
2.2.7.

Once the power is stabilized after startup or after a power change a

radiation survey shall be undertaken.
2.2.8.

At least one counter should be in normal working condition. Scaler

units shall be put ‘ ON’ 15 min before reactor startup and switched ‘OFF’
when the reactor is not operating. In the event o f a partial scram or partial
shutdown safety rods shall not be raised unless the counter readings are
checked and verified to be acceptable.
2.2.9. When the reactor becomes critical the extra-high tension supply to the
BF 3 counter shall be switched ‘ OFF’. Immediately after a scram or shutdown
the power supply to the counter shall be resumed.
2.2.10. In the event o f a scram, partial or total, a scram check shall not be
initiated unless both the rod banks have reached the bottom limit, necessary
valves (partial dump valve V-4 or partial dump, total dump and emptying valves
V-4, V -l and V-2) have opened fully and the D20 level in the reactor tank has
gone down to 113.5 cm or nil as the case may be.
2.2.11. On every scram, correct operation o f the brake limit switches and slack
wire switches shall be checked.
2.2.12. The error amplifier range selector shall be set as follows prior to startup
and normal operation:
Not exceeding 40 W
40 W to 100 W
Above 100 W

1 X 107
0.25 X 108
1 X 108

2.2.13. The standby battery for the clutch/brake unit shall be switched ‘ON’
after giving the scram check and just before raising the rod banks. Whenever
the switch is ‘ ON’ it shall be ensured that the clutch and brake indicating lights
are ‘ ON’ and that the brake indicating light is ‘ OFF’ during the raising operation
o f the safety rods after crossing the brake limit switch. The battery will be
switched ‘OFF’ only after the reactor is shut down.
2.3. Startup (sub-critical approach)
2.3.1.

Every time the reactor is started with a core which is not identical to a

core already used or after a shutdown involving opening o f a square box lid, the
reactor shall be made critical only by the sub-critical approach, preferably with
a known core in the presence o f the reactor physicist and reactor superintendent.
2.3.2.

Reactor startup shall not be undertaken unless both the scaler units

are in working condition.
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2.3.3. Heavy water shall not be pumped into the reactor tank without the
presence o f the reactor physicist and reactor superintendent beyond the level
permitted on the occasion.
2.3.4. The approach to criticality shall be made with the cadmium shutter and
other movable assemblies (both loads and fissile materials) so positioned that
the reactor core is in its most reactive condition.
2.4. Bypass and jumpers
2.4.1. No bypass for maintenance or bypass on operation shall be utilized
without the written permission o f the reactor superintendent. Not more than
one bypass or jumper shall be authorized at a time during reactor operation.
At no time shall a jumper be authorized in addition to a bypass and vice versa
during the reactor operation.
2.4.2.

Any jumper or bypass authorized by the reactor superintendent does

not permit the shift supervisor to effect the same on some other occasion even
if the conditions be identical. A fresh authorization is necessary for each occasion.
2.4.3. Maintenance and bypass panel keys and jumpers will always remain
under the custody o f the reactor superintendent. Keys and jumpers shall be
returned immediately on completion o f the jo b for which the bypass was
authorized.
2.4.4. The bypass on operation should be requested on the basis o f authoriza
tion given in the approved programme. The bypass will be effected and the
operation o f the reactor carried out only in the presence o f reactor superintendent
and/or operational engineer.
2.4.5. At the end o f an operation for which the bypass on operation has been
taken and the bypass circuit reset, the fault shall be simulated to ensure that the
bypass circuit has been fully reset and shall not be effective in an unintentional
manner. The next operation shall not be carried out until this check has been done.
Whenever the reactor is operating, the radiation field inside the biological
shielding, near the trench area and on the top o f the reactor is very high. Hence
no one should be permitted to work in these areas. When the heavy water level
reaches partial dump level (PDL), the trench area must be cordoned off. The
cordon should be removed immediately after shutdown.

3.

REACTOR STRUCTURE

Entry into the shield room or to the reactor top is permitted only after
getting clearance from the shift supervisor and health surveyor.
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Not less than two persons should be present at any time o f work in the
shield room and at least one o f them should be a member o f Zerlina Operations.
Proper operation o f emergency push button, tube light and filament lamps
shall be checked once a week on the first working day.
An authorized shift supervisor must be present at the reactor top whenever
work is being carried out.
Continuous bleeding o f the tank with nitrogen shall be maintained whenever
any flange cover o f the revolving floor is open to prevent entry o f moisture
into the tank, unless otherwise stated. During this time the fan should not be
kept ‘ ON’ on the reactor top.

4.

FUELS AND SAFETY RODS

Fuel rods should be handled only after getting a clearance from the
R.H.C. surveyor.
Rubber hand gloves should be worn by the personnel handling fuel rods.
Transfer o f fuel rods should be done only on an approved rod agenda
signed by the reactor superintendent. Movement o f any fuel rod to and from
the core should be done only on an approved rod agenda signed by the reactor
superintendent and reactor physicist.
During rod work, the reactor tank shall remain empty and isolated from
the dump tanks. This shall be confirmed by maintaining dump tank pressure
at 10 cm w.g. and reactor tank pressure at 4 to 6 cm w.g. and ensuring that the
system pressure does not go up.
The items o f rod agenda should be carried out strictly in the order in which
they are written.
Rod agenda will be carried out by any authorized supervisor who is in
charge o f all operations from beginning to end, and upon completion o f the
agenda the supervisor shall sign and file it. He should ensure that all records
are brought up to date and that this is mentioned in the shift log.
Installation or removal o f the safety rods should be done only as per the
agenda issued by reactor superintendent. The advice o f the health physicist
should be strictly adhered to while carrying out the job.
The performance o f the safety rods should be checked: (a) immediately
after installing the rods after maintenance, (b) after changing the settings or
location and (c) before closing the lid o f the square box (for routine check).
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The clutch and air gaps o f the safety rod drive shall be checked:
(a) periodically once in six months, (b) whenever maintenance is undertaken
with the telemetry system or relocation o f safety rods and (c) immediately
after opening the square box and just before closing the square box in
connection with any major maintenance.

5.

HEAVY WATER SYSTEM

5.1. Policy
5.1.1. At no stage shall the quantity o f heavy water in tanks 2 and 3 and the
reactor tank be permitted to exceed the amount corresponding to a core excess
reactivity o f 650 percent milli-k (pcm ) assuming that: (a) the temperature o f
heavy water is 25°C; (b) all the heavy water in tanks 2 and 3 is pumped into
the reactor vessel; and (c) both the safety rod banks, the cadmium shutter,
absorber rod and any other movable load or fissile material present in the core
are so positioned that the core is in its most reactive condition.
5.1.2.

No heavy water will be added to the reactor tank directly except for

the deuterization o f the paint o f the square box.
5.1.3.

Before reactor startup, it shall always be ensured that the quantity o f

heavy water in dump tanks 2 and 3 is per the approved programme.
5.2. Handling
5.2.1. All transactions o f heavy water should be done in the presence o f an
authorized supervisor and he will ensure that all the records are up to date
immediately thereafter.
5.2.2. All safety precautions, such as wearing o f rubber gloves and fresh air
masks (if necessary), and preventive actions must be strictly followed at all times.
5.2.2.1. Whenever the cap o f the heavy water drum is opened the gasket o f the
cap shall be checked and replaced if necessary.
5.2.2.2.

The gasket o f the smaller cap shall be checked once a year.

5.2.2.3.

Gaskets o f both the caps shall be checked and found acceptable before

sending any drum out o f Zerlina.
5.3.

Transfer

5.3.1. Written authorization should be obtained from the reactor superintendent
prior to: ( 1 ) adjustments o f heavy water in dump tanks 2 and 3; ( 2 ) addition
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from drums to dump tanks 1, 2 or 3 and vice versa; (3) operation o f D20 pumps
on maintenance; (4) despatch o f D20 from Zerlina.
5.3.2.

Filling o f heavy water to the reactor tank should not be undertaken with

pumps operating on maintenance.
5.3.3.

During drying and defrosting no system heavy water transactions shall

be undertaken.
5.3.4. When the square box is open, except for recirculation and sampling,
no other jobs, such as heavy water transfer, addition or removal should be
carried out.
5.3.5. Adjustments o f system heavy water shall be done only when the reactor
is in the cold shutdown state.
5.4. Sampling
5.4.1. System heavy water will be analysed for isotopic purity, pH and specific
conductivity once a week on the first working day. Additional sampling may
be done as and when necessary.
5.4.2. Tritium analysis o f the system heavy water will be done on a
quarterly basis.
5.4.3. Except during the transfer o f heavy water from the hold-up tank to
dump tanks 2 and 3 or vice versa, sampling o f heavy water for analysis shall
be done before and/or after all other transfers (including drum-to-drum).
Ion exchangers will be valved in as soon as the pumps are started during
reactor operation and will be valved out immediately after PDL is reached.

6

.

NITROGEN SYSTEM
All the nitrogen cylinders must be received and returned only through stores.

Any gas cylinder, either full or empty, must be kept either in vertical
position or base facing the wall.
Whenever a new cylinder is received, its initial pressure and dew-point must
be checked and recorded before use and if it is not up to the specifications,
clearance must be sought from the reactor superintendent before using it in
the system.
Nitrogen cylinders below 20 kg/cm 2 should not be used in the system and
the cylinder must be marked ‘Empty’ and returned to the stores.
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Cylinders must be handled carefully, taking all possible precautions.
A nitrogen cylinder for which the dew-point is not —30°C or better should
not be used in the system.
The register indicating the cylinder pressure, dew-point, use, movements,
etc., must be maintained up to date.
The minimum stock o f N 2 cylinders (other than emergency cylinders) will
be maintained at ten always. The store-keeper shall ensure this. All full
cylinders which are not in use must have the cylinder cap ‘ON’ to protect the
cylinder valve.
N 2 pressure in the gas holder must be maintained between 2 and 3 psi.
Whenever the N 2 pressure drops below 2 cm o f w.g. the supervisor shall
initial in the recorder chart with date. The replaced charts will be submitted to
the reactor superintendent for checking and initialling on the working day
following the replacement.
All cylinders o f Zerlina emergency stock shall be maintained full. A
quarterly check o f the cylinders shall be undertaken by the supervisor and a
report shall be submitted to the reactor superintendent/operational engineer
after each check. These cylinders will be filled with the help o f nitrogen
cylinders supplied by central stores (Indian Oxygen Cylinders).
Copper coils connecting the N 2 cylinders should be kept clean but they
should not be polished.
Once per week the oil level in the revolving floor must be checked with
‘ O’ ring deflated and system pressure at 6 cm.
7.

COMPRESSED AIR

The air compressor in the basement shall normally be used as a standby
unit and be put on line on Saturdays only.
The performance o f the basement air compressor shall be checked on the
first working day o f every week.
The air filters will be cleaned/regenerated once every six months.
8.

EXPERIMENTAL FACILITIES

8.1. Experimental setup
8.1.1. No experimental assembly installed in the core shall be permitted to
remain in the core exceeding the period prescribed.
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8 .1.2. Necessary approved interlocks to provide warnings in the event o f failure
o f the experimental assembly shall be incorporated and checked for correct
operation before starting the reactor.
8 .1.3. No interconnections between the reactor safety and control system
and the experimental assembly shall be permitted.
8 .1.4. For samples which have to be moved into or out o f the core with the
reactor operating, the worth and speed o f movement shall be as specified by

the reactor superintendent in each case. If unknown, the worth o f such samples
shall be determined by a sub-critical approach. In no case shall the worth o f
any such sample exceed 1 0 0 pcm and the rate o f change o f reactivity 3 pcm/s
regardless whether the sample is the absorbing or the fissile type. The samples
shall be moved in or out only with the absorber rod at the bottom limit.
8 .1.5. No experimenter shall operate any o f the reactor controls or auxiliaries
or instruct any o f the operating staff regarding operating methods. In such
cases the experimenter will transmit the information or request to the reactor
superintendent, who will issue the necessary instructions after consideration.

8.2. Cadmium shutter
8.2.1. At all times while finding the critical height o f a new core, the cadmium
shutter must be kept at the top limit.
8.2.2. In the event that the experiment must be carried out with the cadmium
shutter away from the top, the sub-critical approach shall be undertaken with
the cadmium shutter at the top limit unless the critical height for the core with
the cadmium shutter at top is already known experimentally.
8.2.3. All major changes in the level o f the cadmium shutter should be made
either before startup or with the reactor in a partial shutdown state.
8.2.4.

When the reactor is in operation, movement o f the cadmium shutter is

restricted to ±3 cm except in partial shutdown and partial scram conditions.
8.2.5.

Any relaxation from the setting o f ±3 cm shall be done only after

obtaining written authorization from the reactor superintendent separately for
each experiment.
8.2.6. After each adjustment o f the cadmium shutter position, the limit
switches in the cadmium shutter control door must be adjusted to ±3 cm o f
the telemeter reading.
8.2.7. When the shutter is completely at the bottom limit, the power supply
to the m otor should be disconnected. The position o f the counterweights o f
the cadmium shutter should be checked daily before startup.
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8.3. Absorber rod
The absorber rod shall not be removed from the reactor unless the clutch
circuit has been energized and all scram signals cleared.
8.4. Central thimble
All experimental samples and setup to be installed in the central thimble
shall have prior clearance o f the reactor superintendent, and procedures for
handling o f such samples issued by him shall be followed.

9.

SERVICE WATER AND VENTILATION

The overhead tank on the rear side is an emergency water reservoir and is
not normally put into service. The operator shall ensure that the tank is
always full.
The water level in the cooling tower basin should be checked periodically.
If the required level cannot be maintained then the control room package air
conditioning unit and freezer-drier unit, if in operation, should be shut down.
The window air conditioners, which are standby units, should be switched
‘ ON’ if the package unit is shut down for maintenance or due to water closure.
Before starting the air handling units after maintenance it must always be
ensured that all the windows remain open and all personnel are informed about
commissioning o f the units. The windows and doors which are kept open
during maintenance should be closed only after some time.

10.

MECHANICAL HANDLING

Only operators who are well versed in crane signals and operations are
permitted to operate the crane.
The person going to the crane must wear non-slippery shoes.
Movement o f loads above men and delicate equipment should be avoided.
Before leaving the cabin the operator shall check that all control switches
are in neutral position. Then he should switch ‘OFF’ the mains in the cabin and
lock it. The main power supply to the crane located in the hall must switch
‘ ON’ only before going to the crane. Otherwise it must be kept ‘OFF’ .
The crane should not be parked above the reactor tank longer than the
absolutely required time.
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T A B LE I. SCRAM AND ALARM SETTINGS
Scram (total)

Settings

Reading at 100 W

Linear

130% o f the full scale
o f the recorder in all
ranges

25% at 108 range

Period

2 0 s on the
positive side

Infinity

Error (A N )

When actual power
exceeds set power by
130% in each range

When stabilized on
A N Meter . . . 10 V
(Approx.) Setting
(Potentiometer) 0.214 X 10s
(Approx.)
Range at 100%
Recorder . . . . Zero
When on A K
Meter - 2.5 V
Potentiometer - Full
feedback position.

Log

520 W

Chamber high temperature
(H.T.)

When chamber H.T.
voltage falls to 180 V
from 300 V

Around 0.3 X 108

'

Calandria leak

When there is leakage
o f heavy water from the
reactor tank to the tray
below reactor tank

Temperature

75°C

Room temperature

Safety

520 W

10 to 12 mA
(Approximately)

Health

40 mR/h

Channel No. 1 -

Near

shield door - 15 mR/h
Channel N o.5 Reactor
top - 5 mR/h
Scram (partial)
Valves dump tank (D.T.)

When V6 and V7 are
closed

-

Shield door

When the door is open or
not closed properly

-

Maintenance panel

When the door is open or
not closed properly

—

inlet
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T A B LE I (cont.)
Bypass panel

When the door is open or
not closed properly

Ground fault

±35 divisions

Zero

Alarms

Setting

Linear range

95% o f the full scale o f the recorder

Minimum signal linear

5% o f the full scale o f the recorder

Beetle

When there is a leakage o f D jO in
any o f the beetle trays

Slack wire A and B

When the cable o f safety rod snaps
or rod gets stuck in up position

Slack wire absorber rod

When the cable o f safety rod snaps
or rod gets stuck in up position

Rod fault A and B

When the movement o f the rod is
stopped in between the limits

Absorber rod fault

When the movement o f the rod is
stopped in between the limits

Temperature

65°C

Nitrogen pressure

When the N2 pressure in the system
falls below 4 cm o f w.g. or above
6 cm o f w.g.

Air pressure

When the pressure o f process air
falls below 25 psi.

D20 level maximum

When the D20 level in the reactor
tank reaches the maximum selected
level probe

Change to LDCA

When the LCRM 1/LCRM 2/LDCA switch
is in LCRM1/LCRM2, when the flux
level goes above 0.2 X 10s

Minimum signal LCRM

When the scaler count rate does not
go above 0.2 X 10l

Valves N2 balance

When V-32 or V-23 is closed

Valves N2 dryer

When V-22 or V-24 opened

Trolley

When any one o f the shielded trolleys
is open or not fully closed
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11.

RADIATION
Film badges, dosimeters and other equipment should be deposited in

their original place before leaving the building.
Personnel whose radiation dosage exceeds more than 100 mrem in a week
or 450 mrem in a fortnight shall not be allowed to work in active areas or handle
any radioactive source.
Any assignment involving exposures expected to exceed the above
limits is to be considered as planned over-exposure. For such assignments
clearance should be obtained from reactor superintendent.
The radiation emergency siren will be tested on a routine basis at
0700 hours on the first working day o f the week.
All personnel should be conversant with the radiation emergency
procedures and other instruction issued by reactor superintendent from time
to time.
Also refer to the standing instructions issued for: (a) medical emergency,
(b) fire fighting, and (c) H2S emergency.

12.

HOUSEKEEPING
The responsibility for housekeeping o f the various places is as follows:
Control room:
Reactor hall

Shift supervisor
Shift supervisor and shift operator

(including reactor top,
shield room & trench):
Basement:
Workshop:

Shift operator
Mechanic in charge.

For a description o f scram and alarm settings, see Table I.
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Annex C
TECHNICAL INFORMATION AND PRACTICES

This Annex has been taken essentially from the 1971 edition o f Safety
Series No.35 (R ef.[9]). It includes valuable technical information and operational
experience, but some care should be taken in interpreting the text. Some o f
the statements would have to be formulated more strongly to meet presentday requirements.
As stipulated in the introduction o f the Code o f Practice (Section 1.8 ) this
Annex is included here only to provide information for the user.
Some o f the safety practices given here are quantitative but are only
illustrative in character. Only a well conducted safety analysis can be used to
derive appropriate quantitative rules and safety specifications for an actual reactor.
Special care should be used in interpreting all the chapters but in particular
the chapters for reactivity considerations (3.4), control rod considerations (5.2),
cooling systems (4.4), and to a certain extent also safety instrumentation
considerations (5.1), which are not directly relevant to present-day types o f
high-power research reactors. In order to draw the attention o f the reader to
these points some footnotes have been added to the original text.
The bibliography from the 1971 edition o f Safety Series No.35 (R ef.[9])
has not been reproduced here. It contains useful information on incidents and
accidents which had occurred prior to 1971, from which many lessons can be
learned. Additional information on incidents and accidents can be found
in Ref. [ 10],

1.

PREFACE TO THE 1971 EDITION

This Annex lists some o f the safety rules and practices which have been
developed at different installations. Often the rules and practices differ because
o f differences in the design o f the equipment, the nature o f the work, or
other factors, and therefore may not apply at specific facilities. Because it is
difficult to foresee every variation in design and every operational situation which
may arise, it is important that these rules and practices be interpreted accordingly.
The precautions described may be o f assistance in focusing attention on the
safety problems o f different designs and operations; in determining how they
should be applied, the manager must evaluate them in terms o f the design o f the
system, the type o f work involved, and the training and experience o f his staff.
Most accidents are due to a combination o f several failures o f equipment,
tnistakes in design, or lapses in procedures, and the accident would have been
prevented had any o f those not occurred. Many near-accidents, which usually are
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not reported, occur when one or more safeguards function properly or when
fortuitous circumstances prevent the accident itself. The staff o f a nuclear
facility should be alert for any failure o f safety equipment or errors in procedures
even though no serious consequences would ensue. Whenever possible, several
safeguards should be set up against any specific accident. The need for multiple
safeguards is the reason for many o f the rules which are proposed. Reactivity
addition is limited by a number o f equipment design and procedural rules all
aimed at preventing unplanned criticality. Similarly, operating and maintenance
rules are set up to ensure that the equipment is operating properly to monitor the
condition o f a reactor or o f an assembly core and to ensure that safety devices
function if safety action becomes necessary.

2.

DEFINITIONS
The definitions which follow are included in order to clarify the contents

o f this Annex and are not necessarily exhaustive.
Critical assembly . 1 A critical assembly is a neutron-multiplying system which
is flexible in character and assembled from fissile and other materials used in
nuclear techniques.
Research reactor . 1 A research reactor is a more permanent system used mainly
for the generation o f neutron flux and ionizing radiations for research purposes
and irradiation o f materials.
Reactivity, Ak/k, is defined as the value o f the expression (keff — l)/k eff, where
keff is the effective multiplication constant. Reactivity is a measure o f the
departure o f a reactor or a portion o f it from the critical condition.
Maximum excess reactivity is defined as the excess reactivity available if all
poisons from experimental devices, monitors, etc. are removed and if all the
reactivity from the shut-down control system is added.
Available excess reactivity is defined as the excess reactivity which could be
added by the shut-down control system.
Safe operation is defined as operation in accordance with recognized nuclear
and conventional safety procedures in order to prevent hazard to any person.
Scram is a rapid reduction o f reactivity to subcriticality.
Control rod includes rods or plates located in or adjacent to the core o f a reactor
or critical assembly whose movement increases or decreases the reactivity o f the
reactor or assembly.
1 See Code o f Practice for up-to-date definitions.
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Safety or shut-down systems include devices and systems o f instruments and
mechanical devices designed to reduce the reactivity o f a reactor or assembly
by movement o f control rods, operation o f valves or other devices.
Control systems include devices and systems designed to control the power o f a
reactor or critical assembly by movement o f control rods or other devices which
can increase or decrease the reactivity.
Code o f Practice is defined as the Code o f Practice for the Safe Operation o f
Critical Assemblies and Research Reactors.

3.

CRITICAL ASSEMBLIES

In this section some o f the different practices and points o f view in safety
systems pertaining to critical assemblies will be discussed as far as possible and
various precautions will be listed which have been developed, in most cases,
through long experience. A series o f design features are discussed which may
be useful in the design o f new facilities; in the case o f existing facilities, these
features may prove useful as a check-list against which those o f any facility may
be compared. Although a number o f small nuclear excursions have occurred in
critical assemblies, nearly all have been self-limiting at a level at which damage
has been little or extremely moderate. The probability o f a nuclear excursion
in critical assemblies is certainly greater than in reactors because o f the greater
variety o f fuel and moderator arrangements investigated and the lack o f detailed
information about many o f these.

3.1. Subcritical assemblies
In some facilities, a rule requiring the availability o f one functioning safety
system is applied when reactivity additions are made in which there is the
possibility that the koo o f the system will exceed unity. However, in many
facilities, it is preferred to classify assemblies as critical if there is any possibility o f
exceeding criticality rather than introducing a restriction based on kM.
If the assembly is subcritical and can be kept subcritical through reasonable
control o f fuel and/or moderator and reflectors, many managers o f facilities
consider that this, as a subcritical assembly, should not require a fast safety device.

3.2. Critical assembly hazards
Most o f the hazards associated with critical assemblies are related to unsafe
reactivity additions, involving adding too much reactivity or adding it too fast.
Such uncontrolled additions may result from manual movement o f fuel or poison,
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from mechanical instability or failure causing components to assume positions o f
higher reactivity worth, or from failure o f monitoring instruments to provide a
true indication o f the multiplication so that sufficient warning was not given to
reduce the rate o f reactivity addition. Most accidents have happened because several
simultaneous failures occurred because o f design or misoperation or a combination
o f these.
3.2.1. Hazards o f fuel or poison movement
The hazards o f reactivity addition increase considerably if reactivity is added
either manually or mechanically to a system which is not subcritical to a sufficient
degree, especially if the rate o f addition cannot be closely controlled. In handloading under these conditions, care must be taken to add only a small fraction
such as one-third o f the reactivity which is estimated to make the assembly critical.
Reactivity addition by a control system can be used to demonstrate that the
amount to be manually added later is safe. While the manual addition is being
performed, the control system should be in a shut-down condition (although, as
noted later, sometimes a certain amount o f negative reactivity is poised ready to
be inserted if criticality should be inadvertently approached too closely).
3.2.2. Component instability
A rather large number o f accidents have occurred because components were
not restrained or because o f mechanical failures. Forces not anticipated in design,
or damage from outside sources have caused movement o f various components
into positions o f higher reactivity worth. This type o f instability may occur with
liquids as well as with solids, and consideration must be given to the effect o f any
such movement and to the safeguards required.
3.2.3. Monitoring failures
Reactivity has been added excessively because the actual condition o f the
core was not represented by the neutron monitoring instruments. Rules and
checks for demonstrating that instruments are responding correctly are designed
to prevent such accidents.
3.2.4. Reflection hazards
If a critical assembly is unreflected or less than completely reflected,
inadvertent criticality may occur because personnel may have to perform certain
operations near the assembly, such as changing foils, and the body or hand may
add considerable amounts o f reactivity. If such a possibility exists, experiments
should be carried out with material (such as plastics) simulating the body or part
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o f the body such as a hand which will be near the assembly to determine whether
it is safe for personnel to approach the assembly or to perform the operation.
3.2.5. Radiation hazards
In a critical assembly the chance o f radiation exposure o f personnel should
not exist if precautions in reactivity addition are observed and if other safety
precautions are followed. These include keeping personnel out o f the assembly
area or other unshielded areas during any approach to critical or, if entry is
necessary, making certain that no reactivity is added while personnel are staying
there. Any entry to an assembly area when the assembly is near criticality should
be considered very carefully and, if it is necessary, safe rules should be developed
and strictly enforced.
3.3. General safety considerations
In critical experiments the equipment should be designed and the procedures
and, most important, the attitude o f the personnel should be directed towards
treating each experimental assembly as an unknown mixture o f fuel and moderator.
Without reliance on assumptions o f fuel enrichment or composition or o f moderator
or reflector effects the experiment should be conducted in a safe and controlled
manner by adding reactivity in increments until criticality is achieved while
monitoring and controlling the multiplication at all times.
Critical assemblies can be grouped under several categories. They range from
those resembling reactors, often having solid fuel lattices and control rods and
often being used for long series o f only slightly varied experiments to get
information about particular arrangements, to a generalized type used for
investigating the criticality o f any unknown assembly. This type o f experiment is
not usually concerned with such detailed investigations o f a particular lattice as
would be required for reactor design. Also, in this type o f experiment less
information than in the first type is usually available from similar prior experiments.
In both types o f critical experiments and particularly in the second, safety
depends to a much greater degree on the instrumentation and safety devices and
on a careful experimental approach to criticality than on calculated values which
may be in error.
In cases in which an assembly is investigated intensively over a considerable
number o f parameter variations, it may be possible to develop very good estimates
o f the excess reactivity, reactivity values o f safety devices, and other important
safety information; however, in experiments in which considerable differences
exist between assemblies, it may be almost meaningless to attempt to estimate
these values in advance. Because o f the variety o f experimental conditions,
critical assemblies do not lend themselves to routine procedures nearly as well
as do research reactors, and it is necessary to place great dependence on the
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good judgement o f the operating group. Neither safety circuits, interlocks,
mechanical design, nor administrative control can possibly be sufficient to ensure
the safe operation o f critical assemblies or — to a somewhat lesser degree — research
reactors. There can be no substitute for intelligence, alertness, discipline and
training o f the operating staff.
Many o f the considerations pertaining to critical assemblies have obvious
application to research reactors and will not be repeated in the section on
research reactors.

3.3.1. Safety features o f critical assemblies
It is probably impossible to specify all safety features o f the design so that
they would apply equally to all types o f critical assemblies. Those listed in this
section should, however, prove useful in evaluating the design o f a new or existing
facility in comparison with the practices and designs used elsewhere. This
comparison should enable the manager o f a facility to determine those features in
his facility which may need to be modified or those where stronger administrative
control should be applied if this appears to be a preferable way o f ensuring
safety. Some features are, o f course, not applicable to a given facility.
It should be borne in mind that there are a number o f different design and
operating philosophies, no single one o f which can be defined as being the best.
This can only be determined by the manager o f the facility after considering the
training and background o f his staff, the design o f his facility, and the types o f
experiments to be performed. Many o f the practices which are sometimes set
forth as standards are arbitrary, and it is very important to differentiate the
fundamental safety factors from those which are merely arbitrary. These basic
factors are as follows:
(a)
(b)
(c)

The equipment must be able to remove reactivity more rapidly than it
can be inserted by any normal operation.
The equipment must detect changes in neutron level in the core.
The equipment must initiate the action o f safety devices quickly and reliably
when necessary to prevent the core from exceeding safety limits.

(d)

The manager must establish and enforce procedures to ensure proper
functioning o f equipment and to prevent inadvertent or unauthorized actions
which might cause unplanned criticality or overexposure o f personnel to
radiation. It is appropriate that the manager consider the probability o f an
incident or unusual occurrence and its possible consequences in determining
the nature and extent o f measures to be taken.
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3.3.2. Specifications fo r critical assemblies
Some critical assembly designers hold the view that very complete specifica
tions for a critical assembly should be prepared including estimates o f the excess
reactivity, values o f the maximum rate o f reactivity addition, temperature coeffi
cient, void coefficient, rate o f heat transfer from fuel to moderator, etc. These
quantities should be incorporated in the design o f the core and the safety system.
Actually, only the maximum safe rate o f reactivity addition usually affects the
design o f critical assemblies since the objective is to measure assembly parameters
even if temperature and void coefficients are positive and may therefore be
inherently dangerous. The heat-transfer coefficient is important mainly for
estimating the limiting value o f an excursion; however, this is important
primarily in considering the siting or containment o f an assembly — matters
which have already been established in most cases.
Other designers are o f a somewhat different opinion, namely, that the
calculation o f many o f these quantities is too inexact to be worth while, especially
for new assemblies about which little is known. Furthermore, these designers feel
that such an effort is unjustifiable in terms o f cost and possible incremental safety.
Accordingly, the approach is more experimental and the major emphasis is on
conducting the experiment in a safe manner, without relying upon specified or
calculated values o f core parameters. During the course o f the experiment
important parameters, including those o f potential safety significance, are
sometimes determined and this information may then be applied to similar
experiments.
The design o f critical assemblies must ensure that they cannot becom e prompt
critical. To this end it is important to ensure that any reactivity addition can
be detected and that reactivity can be removed much more rapidly than it can be
added by any normal operation. These detection and shut-down capabilities are
probably the most important safety factors associated with assemblies.
3.3.3. Number o f shut-down systems
Many types o f safety systems are used in critical assemblies. A partial list
would include moderator height, split tables with either horizontal or vertical
displacement, and solid fuel lattices with or without control rods.
It is desirable to have several different shut-down systems dissimilar enough
in design to make simultaneous failure unlikely, such as control rods and moderator
level; however, in some designs it is difficult to have more than one primary shut
down safety mechanism. Systems such as split-table or moderator-level assemblies
in which the safety action depends upon moving the table or dropping the
moderator level do not fit this criterion. Such systems generally have two ways
o f initiating safety action, such as two paralleled automatic valves or two separate
means for moving the table. In these cases, it is necessary to make certain that
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the several individual, but similar, safety devices are actually independent and
that a single failure cannot cause all devices to fail at the same time. At least
one shut-down device having two or more independent means o f initiating action
o f the safety device should be operative when reactivity is being increased to the
point where the critical value might be exceeded. Some facilities require two
independent shut-down devices.
When control rods are used, more than one is nearly always required since
it is assumed that any one rod might jam or, under certain circumstances, that
the rod drive might malfunction in such a way as to add its maximum reactivity.
With control rods, again, there are many variations.
There are several points o f view regarding the number o f shut-down systems.
(a)

At least two types o f primary shut-down devices o f different design, with one
or more o f each type, should be used. By having devices o f different design,
the chance o f a common fault which causes all devices to fail simultaneously
is reduced. Under this criterion, each device must be able to absorb more
than the maximum credible reactivity addition.

(b)

If only one type o f primary shut-down device is used, the individual
reliability should be increased by improved design, intensive testing, and
careful operation and maintenance to the point that the failure o f more than
one unit out o f the complement (at least two and sometimes three or more)
is considered incredible. Great pains must be taken to ensure that no single
failure can cause more than one o f the units to fail to operate. No single
device should be capable o f making the assembly critical if the others are
fully inserted.

3.3.4. Shut-down devices — time o f operation
Shut-down devices must, o f course, operate quickly enough to allow safety
systems to become effective. One approach is to specify that the time o f operation,
including detection and operating time before the safety devices are fully effective,
should be less than 50% o f the reactor period resulting when the maximum
permissible single addition o f reactivity is made above the critical value. However,
this specification is difficult to administer in critical assemblies in which the values
are not known.
As a practical matter it is desirable to make shut-down devices and their
initiating instrumentation operate as quickly as possible within reasonable limits.
Nearly all devices can be made to begin their initial movement within a few tens
o f milliseconds and to complete their action within less than one second. Gravitydriven control rods, for example, will generally complete a stroke o f two feet
within 400—600 ms.
Some assemblies have secondary shut-down devices in which the time o f
operation is longer than that o f the primary device. This may give added
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reliability from the point o f view o f having a separate device o f different design;
however, this must be balanced against the desirability o f adding another primary
device which operates more rapidly, rather than relying upon the slower
secondary device.
3.4. Reactivity considerations2
3.4.1. Excess reactivity
The value o f excess reactivity to be used in setting the worth o f the safety
or shut-down system has several interpretations. In one, the maximum excess
reactivity is used and includes all reactivity which might be held down by experimental
equipment, monitors, capsules, etc., as well as that compensated for by the
shut-down or safety system. An alternative interpretation considers only that
amount o f reactivity which is actually available from the movement o f the safety
and control devices in determining the necessary reactivity worth o f the
safety system. Under this second method the worth o f the shut-down system
is usually made considerably larger (such as a factor o f two) than the available
excess reactivity. Under the first method, a smaller margin is generally used over
the maximum excess reactivity (such as a factor o f 1.25 or 1.5); however,
depending on the worth o f experimental rigs and another poisons, the available
excess reactivity may be equal to the maximum excess reactivity or it may be
much smaller. If equal, the ratio o f shut-down margin to the available excess
reactivity may be as low as 1.25 —1.5, whereas, if the available excess reactivity
is much smaller than the maximum excess reactivity, the shut-down margin becomes
much larger. With the second method, adequate procedural and mechanical
precautions are taken to prevent inadvertent removal or insertion o f any objects
which might increase reactivity, and it is assumed that the shut-down margin,
being large, c o u ld com p en sa te fo r any a ccid en t a ffectin g on e o r tw o experim en tal

rigs, monitors, etc.
Such considerations become important primarily in systems having controlsafety rods which must have worths exceeding the maximum or available excess
reactivity by some prescribed margin. With moderator-height or split-table
assemblies, it is usually possible to make the system subcritical by much larger
shut-down margins.
3.4.2. Reactivity addition from equipment failures
It is worth while to expend a great deal o f effort in design to minimize the
possibility o f electrical or other equipment failures, which might cause the
unintentional addition o f reactivity. However, it should be clear that such
2

The reactivity values quoted here should be taken as illustrative only. Actual values

used should be derived from the safety analysis.
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failures have occurred in the past in spite o f the best efforts o f operators and
designers. Operators o f critical assemblies should be aware o f the possibility
o f failures and remain alert to the hazards which might ensue in spite o f the use
o f safety features in the design. Electric-motor-driven safety and control devices
should be carefully examined for mechanical failures which cause the motors to
fail to reverse, or for failures other than mechanical which cause the motors to
continue withdrawing negative or inserting positive reactivity.

3.4.3. Reactivity worth o f safety systems
The basic requirement o f a safety system is that it detect unacceptable additions
o f reactivity and remove reactivity much more rapidly than can be added by normal
means. The shut-down worth o f the safety system is usually ample in the case o f splittable or moderator-level assemblies which can be made subcritical by a very
large amount. With control-rod safety devices, however, there is sometimes
a question o f how to evaluate the amount o f excess reactivity and the way it
should be controlled by the safety system. A common approach to this question
is to assume that, should at least one control rod be withdrawn from the reactor
completely through some malfunction in the driving or instrument system, the
assembly would still be subcritical with the other rods inserted. Coupled with
this criterion is one that each safety system be composed o f at least two separate
shut-down systems. Each shut-down system, representing one or more control
rods, should be capable o f absorbing 125% o f the maximum reactivity release.
In this case, maximum reactivity release is presumably the reactivity which
might be available if all absorbers in the core were removed and all normal
positive reactivity were added.
A somewhat different approach to this problem is one in which the
criterion that no single control rod should be capable o f making the assembly
critical is coupled with one that the available reactivity, that is, the reactivity
actually held down by the control rods but not including any reactivity absorbed
in the experiments or other devices, should not represent more than one-half the
total value o f the safety system. Experimental rigs and objects which might be
withdrawn or added in ways to increase reactivity should also be limited to safe
values so that no single one being moved could cause a serious accident. One
such rule is that no single, movable experimental rig should be worth more than
0.5% Ak/k or other appropriate value less than the delayed neutron fraction. This
rule limits reactivity which might be added from an inadvertent movement o f a
sample or experimental rig while the reactor is critical or supercritical. It also
provides a constant ratio o f the shut-down margin to the available excess
reactivity and assumes that administrative control can be used to prevent inadvertent
additions o f reactivity beyond the capability o f the safety system.
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3.4.4. Reactivity addition — temperature coefficient
Since a positive temperature coefficient could increase the severity o f a
nuclear excursion, it is desirable that all assemblies have a negative temperature
coefficient; however, this is often not a practical solution as it is sometimes
necessary to proceed with the investigation o f assemblies even if they should
have positive temperature coefficients. When much is known about a certain
type o f assembly, it may be possible to improve the effective temperature coefficient
through appropriate design modifications; however, in many assemblies this is
not possible and the staff should remain alert for a positive temperature
coefficient and exercise due care in proceeding with the experiment.

3.4.5. Reactivity addition — void coefficient
Void effects should be determined where these may affect safety and, o f
course, any operation which creates or removes a void should be carefully studied
from the reactivity standpoint, since the void coefficient may be either positive
or negative and may also be dependent on its location within the assembly.

3.4.6. Reactivity addition — displacement o f core components
Accidents which should always be considered are those which follow from
reactivity increases due to some sort o f mechanical failure, accidental fuel
movement, flooding o f void regions, etc. All components and materials whose
displacement could result in a change o f reactivity greater than about half the
delayed neutron fractions should be securely restrained by mechanical devices to
prevent their being displaced. This requires careful attention to structural factors,
such as stresses and deflection, design o f fasteners, methods o f attachment o f
devices such as neutron detectors to the assembly, and to the physical and
chemical stability o f all core components. Fluids, voids, plastics, and brittle
materials may require careful consideration.
In most solid fuel cores it is possible to lock or load the fuel in such a way
that no subsequent accidental movement can take place which might cause a
change in reactivity. If this cannot be done, as, for example, in a core where the
fuel is suspended and free to move from side to side, the maximum reactivity
change which might occur should be examined to make certain that a dangerous
situation cannot arise.
Cases have occurred in which a fuel element has been raised by the motion
o f an adjacent control rod. Although no serious accident has occurred through
such an element falling back into the core, most designs now provide for mechanical
grids to hold the fuel in place so that it cannot be affected by the movement o f
a control rod.
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Cavities which can be filled with water or drained may have considerable
reactivity worth. Such situations often exist in the beam holes o f research reactors.
Furthermore, any such cavity, if located near the neutron-detecting chambers,
may cause large variations in the number o f neutrons detected by the chambers.
Incidents have occurred from such causes and should warn operators o f the
need for good structural stability and for administrative control o f any change.
It is difficult to anticipate every possible hazard o f this type, but personnel
should be continually alert for the possibility o f trouble from such matters.
One o f the chief reasons for restrictions on personnel access to critical
assembly areas is to prevent the inadvertent or unauthorized movement o f
components in such ways as to increase the reactivity or to otherwise increase
the hazard.

3.4. 7. Reactivity addition rate during approach to critical
The way in which reactivity is added varies, o f course, with the design o f the
critical assembly. When moderator height is the means o f reactivity addition, the
design generally permits the moderator to be raised slowly but more or less
continuously. In split-table assemblies the movable table may be brought towards
the other half o f the assembly slowly but again continuously. The possibility o f
continuous addition o f reactivity again holds when addition is by the removal o f
control rods. In every case the addition should be controlled by the response
o f the neutron instruments and limited by the safety system. Instead o f reactivity
being added continuously, it may be (and usually is) added in discrete amounts
followed by a period o f time during which the effect o f the addition is observed.
The additions must become progressively smaller as criticality is approached.
Even more care than usual should, o f course, be taken when making an
initial approach to criticality with a new assembly. Under these conditions,
reactivity addition should not be made unless the effects o f any preceding addition
have been observed and understood. When the assembly is shut down in order
to load additional fuel, as in the case o f a lattice experiment using control rods,
the reactivity worth o f fuel added in each increment should be much less than
the reactivity worth o f the control rods.
In experiments with assemblies containing variable amounts o f fuel where
the purpose is to determine the amount o f fuel or other reactivity-producing factors
which will make the assembly critical, it is customary to begin with a much smaller
fuel loading than is expected to be critical and to conduct a series o f
approach-to-critical experiments with fuel being added after each until the assembly
is critical. In this procedure reactivity is added during the approach to critical in
different ways according to the design o f the assembly. The addition is often by
withdrawal o f control rods, although other types o f reactivity addition could be
used, such as moderator height, table displacement, etc.
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With moderator-height or split-table assemblies, when the core configuration
is fixed and the purpose is to determine whether a configuration is critical or not,
the reactivity addition during an approach to critical will usually be done by raising
the moderator height or moving the table while watching the effect on the neutron
level. After each incremental addition o f reactivity, movement should be stopped
to allow transients to decay.
Critical assemblies about which little is known in advance o f experiments,
such as assemblies o f fuel and moderator which have not been operated previously,
cannot be calculated with enough certainty to fix reactivity addition rates. The
experimenter should always consider the fundamental question o f whether reactivity
additions can be detected promptly and whether reactivity can be removed at a
faster rate than it can be added by any normal operation, at the same time taking
into account any credible malfunction o f equipment. The experiment should be
planned and carried out carefully enough for criticality to be reached safely even
though the experimenter may not know many o f the safety parameters.
With assemblies about which much is known, such as those whose purpose
is to explore a specific reactor design, it is often possible to estimate the reactivity
addition rate in advance o f the experiment. For this type o f assembly the rate
used varies with different design and safety philosophies. Although the generally
accepted safe rate o f 0.02% Ak/k per second is sometimes used, a more appropriate
rate may be chosen to correspond with the results o f a safety analysis o f a
particular system in which consideration is given to the detection level, the trip
level, the response time o f the safety system, and the time required for the safety
system to become fully effective. Values as high as 0.1% Ak/k per second are
used in reactors which are designed for such rates.
3.4.8. Reactivity addition rate — speed o f devices
Critical assembly reactivity addition devices, such as split-table movement,
moderator-height control, and control rods, are sometimes moved at a higher
rate during the early part o f the approach to critical than can be sustained safely
as criticality is neared.
The protection scheme should include means o f detecting the increase in
neutron multiplication and limiting the rate o f reactivity addition accordingly.
If this is achieved by instrument interlocks, some designers feel that the interlocks
should meet all the criteria for reliability and performance required o f the rest
o f the safety system.
Other designers prefer to consider such devices as part o f the control system
which is kept entirely separate from the safety system. The safety system is
designed to have the highest reliability and to handle safely any excursion caused
by a failure o f the control system. If reactivity is added manually by the operator,
the rate o f addition should be guided by the response o f the neutron-detecting
instruments.

129

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

3.4.9. Procedure fo r adding fu el in a rod-controlled system
If a control-rod system is used, there are a number o f variations in the
procedure for adding fuel. One practice requires that a ‘ cocked rod’ procedure be
used during any fuel addition in which there is a possibility o f the assembly
becoming critical. A different practice is to have all rods inserted when the
addition is made but to require that the amount added be small in relation to the
shut-down margin. A third variation sometimes used is to dump the moderator
before any fuel addition, making the assembly considerably subcritical. Following
this the shut-down rods are cocked before raising the moderator level, and the
final criticality is achieved (if estimates are correct) by the movement o f the
shim rods.
Another rule for fuel addition frequently used in an assembly having control
rods is to make estimates o f the worth o f shut-down and control devices and to
limit the reactivity added in each increment to less than 50% o f the worth o f
the control device. With safety-shim rod systems, this would ensure that criticality
is reached while withdrawing the shim rods. The rule as stated is not directly
applicable to a control-rod system in which all rods have safety and shim features
and in which all rods are withdrawn together. As noted in the section on control
rods, however, the fuel added in each increment should be only a small fraction o f
the shut-down margin so that criticality will be reached when the rod complement
is fairly well withdrawn.
3.4.10. Reactivity addition — positioning and indication o f devices
In order for the operator to control exactly the location o f the device
providing the reactivity addition, such as the control rods or moderator height,
the control mechanism should incorporate features to make possible the regulation
o f the rod position from the control console and should provide an accurate
reading o f the rod position. The mechanism should not only position the addition
device accurately, but the positioning should be repeatable. The device must also
be capable o f remaining fixed in any desired position so that forces other than the
drive mechanism acting upon the device cannot move it. This may require that the
motors used to drive the mechanism have brakes or gear trains to stop the drive
within very short distances after the power is turned o ff or it may require fast
acting valves to control the flow o f moderator, etc.
Failure o f a position indication in an assembly with control rods might result
in one rod being fully inserted, with other rods being moved more than usual to
compensate. This would bring about a confusing indication in the control room
since neutron detectors might respond quite differently, depending upon their
position relative to that o f the control rods. In the case o f a reactor, such a
situation might result in the power density being abnormally high in part o f
the core.
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3.4.11. Reactivity addition — inverse multiplication curve
An inverse multiplication (or flux counting rate) graph may be a useful
guide for the addition o f reactivity and is sometimes used in approach-to-criticality
operations to predict the point at which criticality will be reached. This is
especially suited for lattice-type cores to which fuel is added in increments in the
presence o f moderator and reflector and where the assembly is shut down by
control rods between additions o f fuel. The inverse flux curve is then a useful
guide in determining the amount o f fuel to be added. Some facilities hold to a
rule o f adding a maximum o f about one-third o f the estimated amount o f fuel
needed for criticality. A further limitation often adopted when loading fuel
or other sources o f reactivity in moderated assemblies or reactors having control
devices is that the amount added should be less than half the worth o f the control
devices. In control-rod systems having shut-down, shim, and regulating rods this
would represent half the worth o f the shim and regulating rods; in a rod system
where all rods have safety and shim functions, the amount added at one time
should be a small fraction o f the whole rod complement.
Critical experiments with a fixed lattice to which reactivity is added by
moderator height, split table or vertical displacement are often done without the
use o f an inverse flux curve; instead, reactivity is added in small increments
depending on the response o f the neutron detectors with a pause after each
addition until the transient effects have decayed.

3.4.12. Fuel addition in variable-size assembly
For the investigation o f a fixed-quantity core assembly, reactivity would
normally be added by raising moderator height, moving split tables, etc; the
purpose is generally to determine whether a particular configuration is critical,
subcritical, or supercritical. With this type o f experiment, there is generally no
question o f adding fuel until after the particular approach to critical has been
completed, at which time the assembly would be completely shut down before
any fuel changes are made. If, however, a variable-size assembly is to be investigated,
the question arises as to how much fuel should be added for the first subcritical
core before performing an approach to critical. In this type o f assembly solid
fuel elements are often used and the first assembly should be chosen so as to be
subcritical - usually about one-third o f the predicted critical mass. If no
information is available on the criticality aspects o f a particular type o f fuel, it
is necessary to proceed cautiously until information is gained to ensure that the
first core assembled does not have too much reactivity. When sufficient
experience is available, it may be possible to perform calculations to give the
estimated critical mass sufficiently accurately to permit the start o f critical
experiments with about one-third o f the predicted critical mass.
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3.4.13. Staff responsibility fo r reactivity addition
In performing critical experiments, the staff who are authorized to decide on
each reactivity addition should be designated by the manager. Some facilities have
a rule that two senior staff members, such as the manager and his chief assistant,should agree before any reactivity addition. In any case, those authorized to make
such a decision should agree and, in fact, it is a generally accepted rule that if
anyone expresses doubt about a particular action the operation should be suspended
until the doubt is resolved.

3.5. Neutron source
3.5.1. Use o f neutron source
The use o f a neutron source is always required during an approach to critical
or on any start-up o f a critical assembly or reactor or when safety rods are at a
suspended position in the cocked-rod procedure unless there are sufficient neutrons
from spontaneous fission or from neutron generation which may occur with
certain materials, such as those which give sufficient (a,n) or ( 7 ,n) reactions to
provide an adequate number o f neutrons. The strength o f the neutron source should
be sufficient to provide an indication on the neutron-detection instrumentation
before a significant quantity o f fissionable materials is added to the assembly.
The source and detector should be positioned so that most o f the neutrons reaching
the detector after fissionable materials are added come from the core rather than
directly from the source. Special experiments in which reactivity effects are
known and limited may be performed without a neutron source.
When the neutron source is removable, it is common practice to remove
and reinsert the source before starting the approach to criticality to make sure
that the movement is indicated by response o f the neutron detectors. Alternatively,
it may be preferable to move the detectors.
Since it may be necessary to remove the neutron source from a critical
assembly after it is critical, the reactivity effect should be considered. For example,
the neutron source is often removed when criticality is reached and this may
have approximately the same effect as removal o f a void. The reactivity effect o f
this should be determined by some safe procedure.

3.5.2. Source position before start-up
The neutron source, if one is required, should be within or adjacent to the
core in its designated position and neutrons should be indicated by detectors.
The position o f the source relative to the position o f the detectors is very
important since an improper arrangement may cause neutrons from the source,
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rather than neutrons multiplied by the core, to be detected by the detectors.
For this reason it is sometimes desirable to have the source inside the core and
the detectors outside. Until a particular arrangement has been demonstrated to
give the proper response, reactivity should be added very carefully.
3.5.3. Neutron source interlocks
Mechanical and/or instrument interlocks are sometimes provided to ensure
the presence o f the neutron source by means o f a minimum value o f counting rate
or neutron flux level before reactivity addition is permitted. However, there is
not uniform agreement on this point, and some facilities take the position that
with a well-trained staff it is safer to rely upon administrative control rather than
upon interlocks which may be intentionally or inadvertently deactivated. Also,
a mechanical or instrument interlock is sometimes used to ensure that the source
is in a safe, shielded position when the assembly area is entered by personnel. Here
again, however, some managers feel that if personnel are always required to monitor
radiation they are less likely to be endangered should the interlock fail to operate.

3.6. Commissioning and operation
3.6.1. Pre-commissioning approval fo r a critical assembly or research reactor
Approval by the regulatory body is required o f the safety report, the limits
and conditions, commissioning tests and results, operating instructions and
program o f periodic testing, as provided in Sections 2, 3, 5, 6 , and 10 o f the
Code o f Practice.3 Since these must be prepared in advance o f actual operation
and since changes in the limits and conditions and operating instructions require
regulatory body approval or surveillance, the manager should prepare these with
great care. If possible, he should compare how they have been prepared and
changed at other sites. In addition, the Code o f Practice requires that maintenance
and emergency procedures should be prepared.
3.6.2. Pre-commissioning tests
Tests prior to initial start-up o f a critical assembly or reactor should be
planned and compiled and the program and results should be submitted to the
regulatory body as provided in Section 5 o f the Code o f Practice .4 The tests
should be designed to ensure that all mechanical, electrical and electronic equip
ment is in working order. Although every aspect and function o f every system

3 The corresponding sections in the 1983 Code o f Practice are 3, 5, 1 1 ,8 , 6.
4 The corresponding section in the 1983 Code o f Practice is 11.

133

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

cannot usually be checked before criticality is achieved, many systems can be
operated to give useful functional tests. It is advisable to put each system into
operation as soon as it is completed and to continue operation o f the individual
systems as long as possible. During these tests, any malfunction or unusual changes
should be noted and any remedies required should be performed. During this time,
also, the procedures for system operation, start-up, and any other special
operations, together with the necessary tools may be developed.

3.6.3. Approach to critical with a new core in a critical assembly
The safety approval o f new experiments proposed for a critical assembly
facility, which itself has the necessary approvals, is one o f the first steps to be
undertaken in preparation for any new experiment.
An experiment procedure should be prepared with a section which specifically
evaluates the effect o f the experiment on each o f the limits and conditions which
were approved for the critical assembly under Section 3.1 o f the Code o f Practice.5

3.6.4. Approach-to-critical precautions
The neutron detectors should respond to removal and insertion o f the source
(if a removable source is used it may be removed and reinserted to make certain
that the neutron-detecting instruments are detecting neutrons), and the safety or
control instrumentation channels should be on scale, indicating that they detect
neutrons. Additions o f reactivity should be indicated by the neutron-level
instrumentation (power instruments should show an increased reading and period
meters should,also respond). If the addition o f reactivity is not indicated by a
change in neutron level, the situation should be carefully evaluated before
proceeding. A possible hazard o f this type o f situation is that through some
malfunction the instruments are not indicating the neutron level properly or the
neutrons reaching the sensors come mostly from the neutron source instead o f
from the core, indicating that the source or detectors are positioned improperly.
The hazard o f continued reactivity addition lies in the possibility o f suddenly
exceeding criticality without the neutron-level safety devices giving adequate
response until some undesirably high power is reached.
If any anomalous behaviour occurs in the neutron-level instrumentation,
further addition should be stopped until this is understood. During
any change in the instrumentation, such as scale changing, or change
in equipment, such as changing the position o f a detector, no reactivity should
be added.

5 The corresponding section in the 1983 Code o f Practice is 5.
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If control rods are used as the means o f adding reactivity and special limitations
exist in their rate o f movement, these limitations should be carefully observed,
especially in the last part o f their stroke near criticality. Similar speed limitations,
usually a design feature automatically activated, exist with split-table, verticalmovement, or moderator-height assemblies.

3.6.5. Shut-down
At the conclusion o f a critical experiment, it is generally desirable to shut
down the system by removing reactivity by draining the moderator, or separating
the parts o f the assembly, or inserting control rods, or whatever combination o f
these is available. The procedures for safe shut-down should be specified. If fuel
must be unloaded the procedure should be specified if there is a possibility o f
increasing reactivity from the operation by increasing the lattice pitch or by some
other mechanism.

3.7. Procedures for critical experiments
Critical experiment procedures or core certificates are widely used, where
appropriate, to ensure that all personnel connected with the critical
assembly know at any time the state o f the assembly and the operations
which may be performed. Such a procedure is used to ensure that
the manager approves all such operations and that the required safety review
is performed; it also prevents unauthorized changes which may not have been
properly reviewed.
Whenever a new experiment is to be performed o r an im p orta n t design change
has been made, the manager should determine whether adequate procedures have
been prepared and whether the staff has been adequately trained in the operation
o f the equipment and the associated procedures. Written procedures, if properly
used, can be o f material assistance in ensuring safe operation. Procedures should
be written for each operation and should apply to whoever performs the
operation; and, in general, they should not specify that particular staff members
perform certain operations, although this may be done for very important
operations. In critical experiment facilities, completely detailed general procedures
are difficult to prepare, since critical experiments are often designed to measure
unknowns and may produce unexpected developments. The procedures should
com ply with the approved limits and conditions as provided in Section 6.1s o f
the Code o f Practice, and they should be made available to the regulatory body.

5 The corresponding section in the 1983 Code o f Practice is 8.
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In cases where critical assemblies are operated for long periods o f time with the
same core or similar cores, especially where control-rod systems are used, the
procedures may be o f the more detailed type used for research reactors.
3.7.1. Format fo r critical experiment
A suggested critical experiment procedure would include:
(a)
(b)
(c)

The purpose and general description o f the experiment.
A core description with a complete pattern o f fuel, moderator and reflector.
Safety and control system description. The tests required to give confidence
in the safety action prior to and during the experiment should be specified
and the safety system settings should be shown.

(d)

Description o f the devices for adding reactivity. The point o f criticality and
the maximum reactivity addition rate should be estimated if enough is known
about the assembly to make reasonably accurate estimates. For generalized
critical experiments these values may not be known; however, for critical
experiments on reactor lattices in which a large number o f experiments are
performed on the same or similar cores there may be enough information
available to give confidence in such estimates. After the experiment, the
measured values should be noted for comparison with the estimates and for
improvement o f future estimates.

(e)

(f)
(g)

The procedures to be used during the experiment. These should include
procedures for fuel loading, for step-by-step operations, and for dismantling
or unloading.
Any special precautions or emergency procedures.
An evaluation o f the effect o f the experiment upon the limits and conditions
which govern the critical assembly facility. Experiments which cause any o f
these to be exceeded require further approval, as noted in Section 4.1 7 o f
the Code o f Practice. I f changes in the limits and conditions are required,
the reasons should be noted and the proper approvals should be obtained.

(It should be noted that several o f the items above including (c) and (d)
should be mostly covered in the system description which is normally written
to accompany a safety report for the facility. It should only be necessary to
refer to the safety report to provide most o f the description.)
3.7.2. Approval o f critical experiments
In fixing the level o f approval required for a critical experiment, it must
be determined how the experiment affects the limits and conditions approved for
the facility by the regulatory body and how it affects any limits imposed by the
7 The corresponding section in the 1983 Code of Practice is 12.1.
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safety committee. Three different levels o f approval are likely to occur in a
typical situation.
Regulatory body approval. If the experiment may cause the approved limits
and conditions to be exceeded or have a bearing on the established safety principles
or if it will entail hazards different in nature, greater in magnitude or more likely
to occur than those previously associated with the facility, then regulatory body
approval (as.noted in Section 4 .18 o f the Code o f Practice) would be required
in advance o f the experiment. In practice the original limits and conditions might
be sufficiently broad to permit most experiments to be done within this framework.
If a review is required, safety documents should be submitted, usually through
the safety committee (see Section 4.1 o f the Code o f Practice).
Safety com m ittee approval. If the experiment is within the approved limits and
conditions, it still may require safety committee approval depending upon the
scope for the approval o f experiments which has been accorded the manager. If
safety committee approval is required, the documentation should be agreed upon
between the manager and the committee. In many cases an experiment procedure
together with an analysis o f the hazards and their consequences should be sufficient
at least for an initial review.
Approval by manager. If the experiment is within the limits set by the
regulatory body and the safety committee, the manager may approve it. Since
the manager is the person having direct knowledge o f the experiment and its
possible exception to Section 4.1 o f the Code o f Practice9 as well as any exception
to limits imposed by the safety committee, he must decide whether an experiment
should be submitted for higher review. In practice, the manager usually refers an
experiment to the safety committee if he has any doubt about its acceptability,
and the safety committee determines whether it should be referred to the
regulatory body.
Consideration should also be given to the approval o f repetitive experiments
which differ only slightly from ones previously approved, since the problems o f
review may be simplified. T o avoid misunderstandings it is advisable for the safety
committee to agree on the criteria under which the manager can approve such
experiments.
3.7.3. Equipment and procedural checks
By the time the facility is ready for operation, detailed check-lists should
have been prepared which prescribe the tests o f the essential equipment, especially
safety systems. The check-lists should specify the maximum and minimum
acceptable results where applicable; any result outside these limits should be cause
to have the system repaired. After being completed, the check-lists should be signed
8 The corresponding section in the 1983 C ode o f Practice is 12.1.
9 The corresponding section in the 1983 Code o f Practice is 12.1.
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by the person in charge o f the start-up. In general, these should ensure that the
core is prepared according to approved instructions, that any experimental
facilities are in a safe condition for start-up, that all maintenance has been
completed and properly checked, that all auxiliary systems are in working order
and ready for start-up, and that all safety systems are in working order. This will
generally include a check o f the functioning o f the safety devices and may also
include the time for the devices to operate.
A check-list may contain, for example, detailed checks as follows:
Log-book for condition o f equipment
Maintenance checks to ensure that all maintenance o f essential equipment
is complete and that tests have demonstrated the operability o f the
equipment
Safety device checks
Special instructions
Variable-range instruments in the correct range
Interlock block or cut-out checks
Instrument functional checks
Critical experiment procedure approved, if required.
The following checks are often performed at regular but less frequent intervals:
Radiological instrument checks
Communication equipment checks
Calibration checks
Emergency and accident equipment and procedural checks.

3. 7.4. Final safety approval checks before approach to critical
The manager must ensure that the required safety approvals are obtained
and that the preliminary checks are completed before permission is given for
an approach to critical with a new core. Subsequent start-ups may require no
further approval but the conditions requiring further safety approval should be
specified; the checks and safety precautions to be followed before each start-up
should, likewise, be clearly designated. When the check-lists have been completed
to ensure that all systems are calibrated and operating and the necessary approvals
have been received (including an approval o f the critical procedure), the assembly
o f the core may begin.
The manager is responsible for making certain that one responsible person
is designated to be in charge o f any start-up. This person should supervise all
further steps during start-up, enforce all safety precautions, and ensure that
personnel perform their designated functions. For example, if procedures require
that a certain number o f people participate in certain operations, such as in
loading fuel when it is sometimes required that two persons be present, these
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requirements should be enforced. It is also a good practice to make certain that
the control room does not become so crowded that the person in charge o f the
start-up may have his attention distracted.

3.7.5. Familiarizing the sta ff with procedures
Members o f the operating team must be given adequate time before an
experiment is carried out to study the instructions and procedures
thoroughly, and the necessary members o f the staff should be assigned
specific tasks. They should be examined in these procedures before
working on the assembly and, in addition, re-examined at regular intervals and
after long absences from the assembly. This examination, which may be carried
out by the manager, should cover, in addition to the normal operating procedures,
the procedures necessary in an incident or emergency. At many facilities these
examinations are written and filed as a record o f the adequacy o f training.

4.

RESEARCH REACTORS

4.1. General safety considerations
One o f the major safety differences between research reactors and critical
assemblies is, o f course, the considerably larger inventory o f fission products
carried in research reactors which have operated long enough to achieve some
burn-up o f their fuel. Research reactors are, however, usually more stable in their
design and in their core arrangements than critical assemblies. They are, therefore,
more amenable to the development o f routine procedures and specialized safety
devices.
The nuclear excursions which have occurred bear out the significance o f this
difference. Most excursions have occurred in critical assemblies; however, the few
reactor incidents which have occurred have, on the average, caused more damage
than critical assembly incidents in which there has usually been little, if any, damage
to equipment, although radiation injury o f personnel has occurred in a few cases.
Although the safety precautions and the limits and conditions o f operation
can be specified much more readily for a research reactor than for a critical assembly
where different assemblies may be tested frequently, the relative stability o f a
research reactor should not cause the staff to become complacent. The equipment,
the procedures, and the training and qualification o f the personnel must be under
constant review; all are important safety factors.
Many safety principles apply to both critical assemblies and research reactors;
however, it is proposed to emphasize here those features and operations having
special significance to research reactors.

139

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

4.2. Research reactor hazards10
Safety problems at research reactors more often involve radioactive contamina
tion resulting from neutron and heat fluxes higher than those related to critical
assemblies. On the other hand, the cores o f research reactors are usually more or less
fixed so the hazards o f inadvertent criticality are easier to control. A number o f
different types o f accident have occurred in research reactors but the majority fall
into only a few categories. In designing protection systems and in formulating
procedures, the safety procedures and the safety equipment should be made to
supplement each other so that any probable accident has several defences, any
one o f which would prevent the accident from actually occurring. The manager
should always be vigilant for potential accidents which do not have several defences
and should take appropriate measures to improve such defences. Any probable
accident with only one defence may have a rather high probability o f occurring,
and this is often higher than an acceptable risk, whereas the probability can be
greatly reduced by providing a second defence. Most accidents which have
occurred have resulted from more than one (and often four or five) malfunctions
o f equipment, improper procedures, and personnel errors.

4.2.1. Fuel-melting incidents
Most fuel-melting incidents have occurred when some extraneous object,
such as a plastic sheet or shoe covers or a gasket, has restricted coolant flow
in one or more fuel elements. This type o f accident is not so likely to occur in
a low-power research reactor in which the heat fluxes are low; a more likely
accident is the melting o f an uncooled irradiation sample containing too much
fissile or other heat-producing material. These incidents often result in considerable
spread o f contamination, especially o f fission gases.

4.2.2. Maintenance-related incidents
Mistakes made during maintenance operations have occurred fairly frequently
and have made necessary the adoption o f rules for ensuring that the core is
subcritical with any single rod removed if the others are inserted, for checking
safety systems before start-up, for forbidding 11 maintenance on safety-related
systems during operation, and for controlling maintenance by close surveillance,
formal work permits, and extensive checks before the operation o f any equipment
on which maintenance has been performed.

10 For more details on hazards evaluation refer to Annex A (Table A .l and Section 16.5).
Where redundant safety systems are used this restriction may not be required. The
testing procedure should be according to the safety report or other maintenance docum ents.
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4.2.3. Contamination incidents
Radioactive contamination may be spread by any process which allows
radioactive gases or particles to escape. Such accidental releases have usually
occurred because o f improper encapsulation o f materials to be irradiated,
pressure build-up, or improper design o f the capsule. Materials properties are a
very important consideration and, until the personnel involved have gained
experience, it is best to proceed cautiously. Materials which appear to be resistant
to corrosion on the basis o f published properties may release enough radioactivity
from their surfaces to cause contamination problems. Contamination which escapes
the reactor system (including the coolant system) is most serious since this may
require an evacuation o f the building or, at best, many restrictions including
the use o f protective clothing, traffic control, frequent monitoring, and clean-up.
Gases are the most likely materials to escape; but, on the other hand, fission
gases have relatively short half-lives and are quickly dissipated. Radioactive
contamination dissolved in water systems can be removed easily by clean-up systems
except for a small fraction which deposits on surfaces o f the coolant and reactor
systems and which then requires contamination control during maintenance.
Particulate contamination o f water systems can be difficult to remove since
particles may settle on surfaces instead o f being drawn into the clean-up system
from which they can be filtered out. A second type o f contamination incident
is frequently caused by handling in air objects carrying many radioactive particles.
The particles often become airborne and are spread over the reactor building.
Careful surveillance is necessary to detect this situation before the contamination
is widely spread.

4.2.4. Instrumentation-related incidents
Incidents related to instrumentation generally result from one o f two causes.
Either the instrumentation is faulty and does not perform its function, or the
instrumentation gives indication o f some abnormal condition and is njisinterpreted.
The possibility o f faulty instrumentation necessitates such precautions as checking
the positioning o f neutron sources and detectors, checks to ensure that reactivity
additions are properly indicated by the instrumentation, and testing the safety
system frequently. Neutron detectors may have become saturated or insensitive
to further increases o f power; this is a reason why start-ups, especially initial
start-ups and those after maintenance has been performed, should be done in careful
steps with cross-checking between the neutron level (power) and an independent
parameter. Accidents such as the filling o f voids with water can cause anomalous
instrument response. The second type o f accident, which is due to misinterpretation
o f instrument signals, can only be prevented by vigilance on the part o f the
operating staff. Similarly, unreliable safety or control instrumentation may be
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a safety hazard, since frequent instrument trouble is liable to cause the operator
to disbelieve an instrument signal when it indicates a truly abnormal condition.

4.2.5. Reactivity addition incidents
Although few serious incidents have occurred in low-power research reactors,
there is always the possibility o f an incident occurring from fuel handling, from
movement o f high-reactivity-worth components, or from a malfunction o f the
reactivity-addition system. As mentioned above, the limitation preventing criticality
being achieved with any one control rod withdrawn (if others are inserted) is
intended to preclude a reactivity accident if one rod should be withdrawn
manually or by a malfunction o f the rod-withdrawal mechanism. The
administrative controls recommended in performing work in the core provide
a line o f defence for such accidents. The possibility o f a reactivity accident from
a movement o f fuel, moderator, or reflector is the reason for limiting such move
ment by good mechanical design and maintenance, for loading fuel in such a
manner that high-worth additions are avoided, and for limiting the reactivity worth,
whenever possible, o f components, experimental rigs, and voids which might
add reactivity. An adequate shut-down margin is one o f the most important
safeguards against reactivity incidents, and the need for guaranteeing an adequate;
shut-down margin is the reason for many o f the recommendations regarding the
worth o f the shut-down system in relation to the available and maximum excess
reactivity. Limiting the reactivity addition rate is another very important
safeguard against accidents, and the precautions on adding reactivity, when an
assembly is near criticality, by any means other than the designed reactivity
addition devices are for this purpose.

4.2.6. Radiation incidents
Serious radiation incidents have not occurred very frequently in research
reactors but they are potentially very serious since they may involve the exposure
o f personnel. All o f the safety precautions are basically aimed at preventing the
release o f radioactive contamination or avoiding high-radiation fields which might
endanger personnel. Shielding requirements, control o f access to zones o f high
radiation, and precautions aimed at preventing reactivity excursions all provide
related lines o f defence. Building containment is another line o f defence to prevent
radioactive materials released inside a building from escaping and causing a much
more serious incident.
Strong administrative control o f work in radiation fields, good records o f the
exposure accumulated by each person, and a limitation on the maximum radiation
field to be entered without special permission are precautions which, when taken
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together, can successfully prevent exposures beyond a safe limit. The use o f
adequate radiological instrumentation installed at various points in the building
together with rules which require personnel to monitor for themselves are
precautions aimed at preventing personnel from entering radiation fields without
being aware o f it.

4.2. 7. Experiment incidents
Although experiment incidents are likely to fall in one o f the above-mentioned
categories, it is worth while to mention some o f the reasons why they are apt to
occur. Experiment incidents are usually caused by improper design, often due to
unfamiliarity o f the designers with reactor and radioactivity problems, or due to
lack o f communication between different groups involved in the design. These are
some o f the reasons for the safety review o f experiments and for careful attention
to the organization and co-operation o f the various groups.

4.3. Reactivity additions 12
Most o f the reactivity addition considerations are covered under ‘Critical
Assemblies’ . However, a number o f special problems apply to research reactors.

4.3.1. Limitation o f reactivity addition by design
It is sometimes attempted to make a reactivity accident impossible by design
features which limit the amount o f reactivity which can be added at one time.
It is almost impossible to eliminate all hazards by design; even if this were
attempted, a disadvantage would ensue, in that the flexibility and utility o f the
reactor would be severely limited. As in most safety matters, there is no substitute
for an alert, well-trained staff and adequate administrative control. Except
through severe limitations in the fuel supply, it is difficult to completely prevent,
by design features, situations in which a reactivity accident might occur in a
research reactor through the addition o f fuel. For example, a core could be loaded
leaving a central position vacant which might, under some circumstances, have
enough reactivity worth on the addition o f a fuel element to cause a severe
accident. In order to entirely eliminate such a possibility, it might be desirable
to make each fuel assembly worth very-small; however, this would be difficult
and expensive since the fuel o f most research reactors is already designed.

12

The reactivity values quoted here should be taken as illustrative only. Actual values

should be derived from the safety analysis.
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Administrative control should require that, when reactor cores are being loaded,
the fuel should be loaded compactly without leaving vacant positions which
have high reactivity worths. If such a position is needed for an experiment, some
physical structure should be provided to prevent the inadvertent addition o f a fuel
element. The reactivity worth o f such experimental facilities should always be
considered in relation to the shut-down margin and strict administrative controls
should be used.

4.3.2. Reactivity variations caused by fuel or control-rod vibration
Coolant flow in reactors will sometimes cause fuel or control rods to vibrate
with consequent changes o f reactivity. This is undesirable because the safety and
control instruments often indicate rather large variations in power and period
which may mask other more serious irregularities. It is generally possible to devise
mechanical guides or other means o f restricting the lateral movement o f control
rods and to provide grid plates with small clearances and spacing tabs at the
upper end o f fuel elements to reduce vibration.

4.3.3. Reactivity addition from experiments
The reactivity worth o f an experimental rig should be kept below some
value which is determined to be safe considering the shut-down system worth,
response, and actuating time (such as 0.5% A k/k). If an experiment with more
reactivity worth than this must be performed, special safeguards o f either
equipment or procedures should be considered. Samples inserted into and removed
from the reactor core by a pneumatic or hydraulic tube are a possible source o f
reactivity addition, especially if the tube should be inside the core. If such a tube
is installed, the reactivity worth o f samples containing neutron poison should be
measured by careful start-ups o f the reactor with and without the samples. If the
reactivity effect is large, special safeguards should be considered, such as limiting
the size o f samples containing poison, moving the tube to a less important
position, etc.

4.4. Cooling systems13
A cooling system is required if a reactor is to be operated at any appreciable
power. Pool reactors can be operated up to several hundred kilowatts without
forced cooling and even higher without safety problems, but above about 500 kW
13 For m ore details on cooling systems refer to Annex A (Sections 6 and 16).

144

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

the heat added to the pool becomes a problem and it is necessary to allow the
water time to cool after each run. If coolant flow is required, a loss o f flow should
cause a shut-down o f the reactor or at least a reduction in power to a level at
which forced cooling is not required. High-powered research o f power reactors
must also be provided with means for removal o f the heat resulting from the fission
products decaying in the fuel elements after the reactor has been shut down. Many
tests have been done on low-power research reactors which indicate that, at least
for the common pool-type reactors which operate below 2 MW, no afterheat
protection is required as long as natural convection cooling is available.
A very important part o f the coolant loop o f water-cooled reactors is the
clean-up system used to keep the coolant free o f fission products and other radio
isotopes and to render it less corrosive. Very good reactor water clean-up systems
have been constructed o f filters and ion-exchange resin columns (often called
demineralizers) which can remove most o f the radioactive materials from the water.
Long-lived radioisotopes especially should be removed because they contaminate
the surfaces o f the reactor coolant system and may be carried out on tools or
other objects. Particulate contamination which is not dissolved in the water is
more difficult to remove because the particles often tend to settle rather than
being drawn into the clean-up system where filters would remove them. Such a
clean-up system will also keep the specific resistance o f the water at a high level
with a consequent reduction in corrosion rate. It is desirable to keep the specific
resistance o f reactor primary water above 300 000 ohm/cm.
A further operational problem often occurring in research reactors is that o f
fissile material contamination o f the surface o f fuel elements. With modem
manufacturing methods, this contamination can generally be kept at a low,
acceptable level. Occasionally it is high enough, however, to cause fission gases
to be released into the coolant when the reactor is operated. In a sealed system,
such as a pressurized-water or gas system, this may not be a problem; but in a
pool reactor the gas diffuses through the water to the surface and into the air
above. Considerable cleaning o f this gas from the water can be achieved with
a vacuum degasifier; however, this is not ordinarily necessary for small, watercooled research reactors. Another design feature which has proved useful in
reducing the amount o f fission gases released from the coolant is a hot-water
layer at the surface o f open pools. These can be quite stable when sufficient
attention is given to reducing convection currents.

4.4.1. Cooling system provision fo r fuel melting
If only a few grams o f fuel in a fuel element or experimental sample should
melt, considerable quantities o f fission products may be released. In a pool reactor
the fission gases released would undoubtedly be sufficient to require evacuation
o f the building for some hours. It would be desirable, however, if the demineralizers
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continue to operate during this time to remove fission products from the reactor
water. In cases in which aluminium-clad fuel has melted, it is generally possible
to remove most o f the fission products from the reactor water within a day or so
(depending on the size o f the clean-up system with relation to the system volume);
the most important operating problem under such circumstances is how the clean-up
demineralizers can be kept in operation. In any case, it is generally not advisable
to release large quantities o f contaminated water to disposal systems in an attempt
to remove radioactive contamination since this may severely overload the disposal
system. Cleaning the water with a demineralizer can both save the water and reduce
the disposal problem to that o f disposing o f the filters, ion-exchange resin, or the
regenerating solution (if the ion-exchange resin is regenerated).
Particles resulting from the rupture o f certain types o f irradiation samples
or fuel may be easily removed by the conventional filter-demineralizer systems
because they do not remain in suspension long enough to be swept into the intake
o f the clean-up system. Connections to the intake piping o f the clean-up system
or a separate pumping system can sometimes be arranged so that a movable pipe
attached to the pump suction can be moved over the underwater surfaces to
suck water and particles into the clean-up system. The action is very similar to
that o f a vacuum cleaner and enables silt containing radioactive particles to be
drawn into the filters. A brush attached to the end o f the movable pipe is also
helpful in dislodging particles so that they can be drawn into the system.
4.5. Commissioning
4.5.1. Preparation fo r start-up o f a new reactor
The most convenient time to complete training and qualifications o f the
operating staff is during the period o f equipment testing which normally precedes
the start-up o f a new facility. The staff, as part o f their training, should prepare
or help prepare the training and operating manuals; this will ensure that the staff
is completely familiar with the reactor and the auxiliary equipment. The prepara
tion o f the start-up procedure, the start-up check-lists, and the operation and
testing o f equipment should ensure that all the necessary systems and safety devices
are calibrated and functionally checked. The safety review and other require
ments o f the Code o f Practice should be completed; if changes in design and
procedures are necessary as a result o f the safety review, they should also be
completed.
4.5.2. Pre-start-up checks
The preliminary tests o f reactor systems can be conducted most effectively
by putting the control and safety instrumentation, coolant and other systems
into operation as early as possible and continuing their operation while making
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whatever regular functional tests are possible. This enables the reactor manager
to obtain data on the reliability and operating characteristics o f the systems, to
give practical training, and to test and improve operating procedures. Instrument
systems, for example, can be put into operation and checked regularly, preferably
several times a day, while being kept continuously activated. During this time
calibration tests and functional tests o f the instrument system, designed to ensure
that the system is functioning properly, can be developed and various problems
can be identified and solved. Similarly, the reactor cooling system can be kept
in operation and the operating procedures which have been written can be
evaluated, the procedures and forms for recording operating data can be
developed, and the staff can obtain invaluable training. After the reactor manager
is satisfied that all o f the necessary procedures are available, that the staff is
adequately trained, and that all systems and equipment are in satisfactory operating
condition, the reactor should be ready for the first start-up.
4.5.3. First approach to criticality
The first approach to criticality should be carried out in a very similar manner
to the procedure recommended for critical assemblies. It is recommended that
written procedures be prepared in advance specifying the tests and operations to
be done before commencing each step. Any changes in the procedures should be
approved by the same staff who approved the start-up procedures.
4.5.4. Low-power tests
As soon as the reactor is made critical, all possible safety equipment, especially
any which could not be tested before start-up, should be tested at a low power
level (one to ten per cent o f full power). A certain period o f low-power
operation is advisable for the training o f personnel. During this time it is
recommended that the safety devices have their trip levels set at a power only
slightly above the value chosen for tests.
4.5.5. Power tests
After successful operation o f the reactor at low power, the power level may
be increased in steps. As soon as the power becomes appreciable, a complete
shielding survey should be made and this should be repeated as the power is
increased. The cooling system can also be checked best at higher power levels and
observations o f radioactive contamination in the coolant, temperature o f coolant, fuel
temperature (if measured), etc. should be started as soon as an appreciable power
is obtained. If forced cooling is required for the reactor, a heat balance should
be made as soon as a measurable temperature difference across the core is attained
to calibrate the power instruments properly. If forced cooling is not required, a
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neutron-flux mapping o f the core at a low power level can be used to calibrate
the power instruments.
Most research reactor types have well-known characteristics. These should
be checked in a new research reactor early in the start-up program. Important
safety measurements such as the worth o f control rods, effects o f fuel addition,
effect o f voids, etc. are examples o f such information.
In raising the power it is advisable to consider the possibility o f a failure o f
neutron detectors such as a saturation effect which renders them insensitive
to power increase. T o guard against this sort o f failure, frequent cross-checks
with an independent parameter such as gamma radiation, heat, power, temperature,
etc. should be made.
4.5.6. Staff required fo r normal start-up
Normal reactor start-ups should require only a shift supervisor and whatever
number o f operators is specified for the minimum operating staff. In some
establishments, it is the rule that health physicists also be present; however, this
is not a general requirement and in many establishments the health physicists
need only be available on call. Start-up for special experiments or with some
unusual conditions may necessitate the presence o f the manager or other additional
personnel.
4 .5 .7. Check-lists fo r normal start-up
A start-up check-list is always helpful to ensure that important tests and
operations are not overlooked. Any fault found during completion o f the
check-list should be remedied before the start-up begins. Each item o f the check
list should be initialled to signify completion.
4.5.8. Prediction o f criticality
It is customary to predict the position o f the control rods at criticality,
especially with a new core or after experiments or fuel changes in the core, in
order to give a safeguard against some mistake or change unknown to the operator
which either would add more reactivity than planned or temporarily remove
reactivity (as might be caused by an unexpected movement o f fuel or an experi
ment) which could suddenly be returned. An example o f this is an accident in
which a control rod is raised and, at the same time, raises along with it an adjacent
fuel element or experiment which later drops back into the core adding reactivity.
If xenon is present in the core, as it would be for about two days after shut-down,
estimates o f critical positions o f the control rods are liable to be inaccurate although
it should be possible to make a reasonably close estimate o f the xenon effect
after some experience has been gained.
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4.5.9. Normal shut-down check-lists
When the reactor is shut down, it is usually desirable to make a shut-down
check-list to ensure that the system is put into a safe condition. This, like other
check-lists, should be signed, usually by the shift supervisor, to indicate successful
completion.

4.5.10. Start-up after unexplained shut-downs
To decide whether the reactor should be started up promptly after an
unexplained shut-down may be difficult since there is always the possibility
that some hazardous condition which caused the shut-down may have been
overlooked. This is also a reason why large numbers o f spurious shut-downs
are very undesirable as these are liable to cause the operator to become too easily
convinced that every shut-down is due to instrument or other non-hazardous failure
and thus overlook some real safety problem. It should be made plain to each
supervisor and operator that if there is any doubt in his mind about the safety o f
the reactor or the reliability o f the safety system he should call for additional
advice before starting up a reactor. The reactor manager should specify in
considerable detail the conditions under which the reactor can be started up after
an unexplained shut-down. The conditions would depend somewhat on the
design o f the reactor and the safety instrumentation; however, sufficient tests
should be done to ensure that the safety system is operating properly before a
start-up is made.

4.5.11. Start-up precautions
There is always some possibility o f a mistake being made during a shut-down
either during maintenance, refuelling, or other service operations; therefore,
start-ups after such work should be controlled even more carefully than others.
For example, if the reactivity is considerably greater than expected, it would be
good practice to shut down and attempt to find out the reason. Objects may
have fallen into the core in such a manner as to block fuel element cooling
channels; several fuel-melting accidents have been caused by this. With lowpower research reactors, the danger o f melting from blocked channels is not so
great; however, a blocked fuel element might cause boiling which would show as
increased fluctuations on the reactor safety and period instruments. Keeping the
normal fluctuation o f these instruments, due to electronic noise, as low as possible
without affecting the normal functioning is highly desirable so that such effects
as boiling, movement o f core components, and other changes which produce
reactivity fluctuation can be readily detected. A radiation survey and an inspection
o f all the instrumentation should be made immediately after start-up to attempt
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to detect any irregularity. Again, these precautions are especially necessary after
shut-downs during which changes are made or maintenance is performed.
After being refuelled, the core should be visually inspected as the power
is increased. At about 100 kW the Cerenkov radiation from a pool reactor gives
enough light to allow any objects lying on the core to be seen. Clear plastic
articles such as sheets, foot covers, etc., if lying on the core, become almost
invisible, however, and reactor fuel-melting accidents have occurred due to such
plastic materials lodging in the tops o f the fuel elements and blocking the
coolant flow.
4.6. Experiment review and approval
As noted previously, the experiments proposed for research reactors are
subject to restrictions as listed in Sections 3 and 4 o f the Code o f Practice . 14
Experiments which conflict with these provisions must be documented in
considerable detail and submitted for approval to the regulatory body as provided
by the Code.
The following mainly concerns the internal review o f experiments by the
manager or the safety committee o f a research reactor.
4.6.1. Experimen t review
The approval o f experiments is subject to Section 4.1 o f the Code o f Practice15
and the other limitations usually encountered relating to safety committees as
described in the section on Procedures o f Critical Experiments. Assuming that
an experiment does not exceed the limits and conditions, the approval becomes
a matter to be decided by the manager and the safety committee.
The rules under which different types o f irradiation samples and experimental
rigs can be inserted into a research reactor and the authorization therefore should
be worked out in detail between the reactor manager and the safety committee.
The purpose is to prevent materials or rigs from being inserted, which might cause
hazards, without at the same time making the administrative procedures so
cumbersome that small innocuous samples cannot be irradiated without undue
delay. Generally, experimental rigs and samples can be divided into two categories.
Large, complicated rigs which are more liable to difficulties in operation as compared
with small rigs, generally receive considerable scrutiny from at least one safety
committee. The second category o f small irradiation samples usually represents,
in numbers, a far greater percentage o f the experimental work; these should be
approved by the manager or a member o f the operating staff according to criteria
previously agreed to by the safety committee and the reactor manager. Some
14 The corresponding sections in the 1983 Code o f Practice are 5 and 12.
15 The corresponding section in the 1983 Code o f Practice is 12.1.
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types o f samples usually requiring special review include those having cross-sections
large enough to cause an appreciable reactivity effect or fissile material which may
melt or become dangerously radioactive. Other materials to be avoided or to be
irradiated only with special precautions include organic material which, if enclosed
in tight containers, may develop high pressure and explode; material such as
graphite, copper, and mercury which may cause corrosion o f aluminium or other
material; plastics which decompose after a certain amount o f irradiation and may
therefore be unsuitable, except for short irradiations, for containers for pneumatic
sample holders (rabbits) or for objects requiring structural strength; some
chemical compounds which decompose upon irradiation and give o f f gases;
magnesium, which corrodes rapidly in aluminium-water systems; material such as
rhenium, which corrodes sufficiently in water to release considerable quantities o f
radioactive contamination; and many other materials which are unsuitable in one
way or another (see section on Precautions in Use o f Materials). Some materials
may be irradiated for short periods but should not be irradiated to very high
neutron dosages.
In general, reviews o f samples should be made to determine that they will
not cause an undesirable reactivity effect, release radioactive material, swell or
explode, or cause corrosion. They should not be dangerously radioactive when
removed or have high pressure inside capsules which might later explode in a
laboratory. Tables o f suitable amounts o f materials and criteria for encapsulating
and testing can be developed to make the review o f small samples easy both for
the proposer and for the reviewer.
When large numbers o f very small samples are irradiated, as for activation
analysis, it is sometimes desirable to arrive at even more simplified rules which
may permit the analyst to submit his samples to the reactor shift engineer and
have them irradiated without additional approvals. An arrangement o f this type
requires, however, mutual co-opcration by both groups involved to ensure that
care will be exercised in determining suitable material, sample size, and method o f
encapsulation.
4.6.2. Safety report fo r experiments
Since experimental equipment is, in general, likely to be less standard and to .
receive less design attention and safety review than the reactor, it is important
that the reactor manager and other personnel involved in safety work, as well as
the experimenter himself, keep in mind that a safety review o f some sort shojild
be carried out on every experiment. In most cases the review may require only
one person. This is likely to be the best procedure for the irradiation o f samples
and similar experiments. However, it is advisable for the conditions requiring
more extensive review to be set forth in writing. For experiments requiring special
review a safety report should be prepared which contains a description o f the design,
an evaluation o f hazards, and a description o f the safety features. This material
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can often be assembled by the use o f a questionnaire to ensure that all hazards
usually associated with reactor experiments are considered.
The experiment safety questionnaire or safety report should contain a
rather complete and detailed description o f the experiment facility design and
construction, as well as evaluations o f the experiments to be performed and an
analysis o f the functional characteristics o f the entire system under the various
conditions to which it may be subjected. In addition, the probable results o f all
credible incidents such as reactor power excursions, loss o f utilities, and equipment
failure must be established. Safety procedures and/or equipment must be
provided to prevent damaging accidents in cases in which the above analyses
indicate that hazardous conditions may develop or are inherently associated with
the system. The questionnaire or safety report should contain information on staff
responsibility for the experiment, any special assistance required from other
groups, such as the operating group, and a list o f any safety devices connected to
the reactor which might cause the reactor to be shut down or the power to be
reduced. Information needed for evaluation and corrective action under
emergency conditions should also be included. Finally, the safety report or
questionnaire should contain a specific evaluation o f effects on the limits and
conditions and other restrictive provisions o f Section 4.1 o f the Code o f Practice.16
Usually, such a questionnaire or safety report should be approved first by the
manager with respect to safety, operability, and compatibility with other experi
ments in the reactor before being sent to the safety committee. The safety
committee, being advisory in nature, usually addresses its approval to the director
with copies to other interested parties. In most cases no further correspondence
is necessary.
4.6.3. Requirements o f approval procedure
It should not be forgotten that the number o f experiments for which a
questionnaire or safety document might be required is likely to be small compared
with the simple, innocuous experiments. Most o f the experiments in a reactor
would normally consist o f the irradiation o f small samples or the repetition o f
experiments that have previously been approved and in which only small changes
have been made. For most o f these it is possible to grant approval based on prior
experience without special approval by a safety committee. It is desirable for a
simple approval procedure to be adopted for such experiments so that lengthy
delays may be avoided.
In a typical arrangement, the reactor manager or a staff member designated
by him approves certain types o f experiments while more complicated or hazardous
experiments are reviewed by the safety committee. It is necessary for someone
16 The corresponding section in the 1983 Code o f Practice is 12.1.
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to determine whether experiments should be approved by the manager or the safety
committee, and this can usually be done most expeditiously by the manager. The
safety committee may also approve several general types o f experiments
rather than one specific experiment, allowing the manager discretion within this
range. Records o f experiments approved by the manager are sometimes reviewed
at intervals by the safety committee to ensure that no disagreement exists in the
interpretation o f the criteria for approval.

4.6.4. Experiment safety in research reactors
Most o f the safety incidents which occur in research reactors (and also
in critical assemblies) are not due to lack o f knowledge but to the fact that the
staff or groups o f staff involved fail to co-ordinate their efforts in the design,
maintenance, or operation o f the experiment. It is necessary to analyse the
effects o f all the different modes o f reactor operation on the experiment and
the effects o f all possible failures o f the experiment on the reactor and on
personnel. The organization o f the operating group is an important factor in
ensuring the co-ordination necessary in design and operation o f experimental
equipment.

4.6.5. Considerations in experiment design
In the design o f experiments, consideration should be given to any hazards
which might ensue from the failure o f components, from radiation and contamina
tion, from materials, and other factors. The basic requirements o f an experiment
design are that it can provide the desired information, that it can be operated safely,
that it will not endanger the reactor or personnel, and that it will not interfere
to any great extent with the operation o f the reactor. Some specific design
criteria which have been widely used are listed below.
(a)

Whenever possible, experiments should be made inherently safe so that no
hazard will result from any failure o f the experiment or o f the reactor.
(b) If an experiment cannot be made inherently safe, it should be provided with
safety devices to protect the reactor and personnel.
(c) When protection for the reactor and personnel is necessary, high reliability
should be provided in the design o f the safety devices.
(d) If safety devices used to protect only the experiment itself can fail without
creating a hazard to the reactor or to personnel, they may have a lower order
o f reliability. These are not usually arranged to shut the reactor down as
are those under item (c), above; nevertheless, if it were decided that the
experiment is valuable enough to justify shutting down the reactor, this
might be done.

153

This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

(e)
(f)

(g)

(h)

(i)

Provision should be made for containment o f any material which might
create a hazard if released.
Consideration should be given to unusual situations or operations, such as
the removal o f samples or experimental equipment, in which contamination
or high radiation fields are likely to be encountered.
In addition to the normal reactor operations, other situations, such as start
ups, unscheduled shut-downs followed by immediate start-up, maintenance,
extended shut-downs, fuel changes, core configuration changes, rate-of-power
changes, and failure o f electric power and other utilities, should be
considered for their effects on the experiment.
As far as possible, experiments should be designed so that they will not
cause the reactor to be shut down unnecessarily. The time o f installing and
removing the experiment should be considered so that the reactor will not
be held down for long periods. Consideration should be given to putting
the experiment in a safe condition, if certain failures occur, rather than
shutting down the reactor. This might be done, for example, by withdrawing
the experimental rig to a position above the core if unsafe reactivity or other
undesirable effects would not ensue.
The effects o f the experiment on the core should considered, such as:
reactivity effects due to installing and removing the rig and failure o f the
experiment; the perturbation o f the neutron flux in the vicinity o f the
experiment and on any neutron detectors in the adjacent regions o f the core

or outside the core; any heat-removal problems in the experimental rig due
either to neutron or gamma heating; and problems o f removing the experi
mental rig in view o f the hazards o f radiation, spread o f contamination, and
subsequent storage and shipment.
O’) The reactivity worth o f an experiment apparatus should be determined and
hazards must always be considered. The worth is usually determined by
measuring the worth o f the experimental rig or a mock-up o f the rig in the
reactor using a critical experiment procedure. It is generally advisable to keep
the reactivity worth o f experiments lower than 0.5% Ak/k or whatever value
can be handled safely by the reactor control system.
(k) If temperature is a problem in an experiment, it should be monitored and
provision made to limit it to a safe value by shutting down the reactor,
reducing reactor power, or by some other means.
(1)

The interaction o f an experiment with others may cause additional problems
because o f interferences in insertion or removal, changes o f reactivity worths,
or neutron flux perturbation effects.

4.6.6. Common types o f hazards from experiments
In general, experiments are apt to have several types o f hazards. Some common
ones are listed:
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(a)

Hazards may result from failure o f components, including such failures as
mechanical breakage, instrument failure, and rupture or leakage o f capsules.
The consequences o f the failure o f each component should be reviewed and
it should be determined either that the consequences are acceptable or that
further design provisions should be made to limit the consequences in some
manner.

(b)

Radiation and contamination hazards often occur through the release o f
radioactive gases, liquids, or solids or from high radiation when equipment
is removed from the reactor. Materials which release finely divided radioactive
particles are sometimes the most troublesome because the particles are
difficult to remove from air or water since they may settle rather than being
drawn into clean-up systems, whereas gases (except rare gases) in air and
dissolved material in water can generally be removed by clean-up systems.

(c)

Material problems are discussed elsewhere in regard to radioactivity and
corrosion hazards. Reactivity problems may also result from a bad choice

(d)

Hazards may be caused by overheating from fission and gamma heating
and from loss o f coolant. (The last two should seldom become hazards in

o f materials.

low-power reactors.) Thermal stresses may result from rapid changes o f
reactor power.
(e)

(f)

Open holes in the shield emitting radiation directly from the reactor or
experimental equipment having high radiation may cause dangerous
radiation fields.
High pressure in experimental apparatus may cause damage if the primary
containment should fail. In such cases it is customary to provide a second
containment and to monitor the space between the first and second
containment. If the primary containment should fail, warning would be
given and the reactor would be shut down while the experimental rig was
being depressurized. Other protective devices may be used for pressurized
experiments including pressure-relief valves or rupture discs. The material
released from a pressurized system should be vented in such a manner that
it does not cause any hazard inside or outside the reactor building. Filters
and other devices are generally required in venting systems to remove radio
active or other harmful material. Pneumatic tubes for inserting samples
into the reactor are com mon pressurized devices; although some are operated
by vacuum, more are probably operated by gas pressure. Leaks in the
tubing o f pressurized systems may release radioactive gases. When possible,
such tubes, or at least the flanged joints and the charging station should be
off-gassed by enclosing the tube or joint and applying negative pressure to
the enclosure. The effluent o f the enclosure should be discharged through
a system equipped with filters.

(g)

Electric power failure or failure o f other utilities may result in hazards if
such failures are not provided for in the design. Some alternative source o f
power may be required.
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4 .6 . 7. Experiments with fissile material
Small amounts o f fissile material may be irradiated safely provided not too
much heat is produced. If too much material is irradiated it may melt, especially
when heat removal is not provided as in the usual design o f a pneumatic tube.
Although a few milligrams o f fissile material might be irradiated safely, large
amounts, o f the order o f a gram, might melt (depending on the neutron flux) and
melt the adjacent materials also. When encapsulated fissile material is irradiated
in the core o f a reactor, some consideration should be given to how the rupture
o f the capsule might be detected. It may be that sufficient radiation monitoring
equipment is provided for the circulating coolant to detect such an event. Although
the monitors used to measure 16N in water cooling systems may be sensitive
enough to detect small amounts o f fission products released from melted fissile
material, other instruments at downstream positions where the 16N has decayed
should usually be even more sensitive. Irradiation o f fissile material in a form which
disperses as a powder if exposed to water may be a problem. Some uranium
compounds, for example, if exposed to water may become widely distributed and
cause widespread contamination o f a reactor. Such material is much more
hazardous than, for example, uranium-aluminium alloy which, when melted in
water-cooled reactors, generally releases only fission gases outside the water system.
Particulate contamination is much more troublesome than dissolved contamination
which can be removed by ion-exchangers. Particles are apt to settle out on both
vertical and horizontal surfaces where they may contaminate anything which
touches the surface.

4.6.8. Experiment safety systems
If an experiment might cause a hazard to the reactor or to personnel, it is
customary to connect the experiment safety circuit to the reactor safety circuits
to shut down the reactor (or reduce reactor power) when safe operating limits
for the experiment are exceeded, especially if reducing the reactor power will
alleviate the situation. The method o f effecting this connection deserves careful
design since it is a possible source o f trouble. Unless the experiment safety
circuit is connected in such a manner that all the modes o f operation o f the
experiment are provided for, it may be necessary to connect and disconnect wires .
or perform other operations which are apt to result in errors. It may be necessary
to disconnect the experiment from the reactor safety system if, for example,
the experimental rig is to be removed from the reactor. At other times the rig
may be in a condition in which it is desirable to test the rig’s safety system without
causing a reactor shut-down. A switch with different positions permitting all
o f these operations to be performed will often be a great convenience and will
eliminate the need for disconnecting wires or taking other temporary measures
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which might leave the system unprotected. Usually such switches are locked
to prevent inadvertent or unauthorized changes.

4.6.9. Reliability o f safety systems fo r experiments
The safety instrumentation o f experiments should, in general, have
approximately the same reliability standards as that for reactors if the failure
o f the experiment will jeopardize the reactor. In case the experiment can be
allowed to fail without damaging the reactor or endangering personnel, the
reliability o f safety instrumentation is usually permitted to be considerably less.
This condition is the one most frequently encountered.

4.6.10. Experiment safety devices annunciation
When experiments have safety problems which require connection to the
reactor safety system, it is a com mon practice to have annunciators or other
devices in the control room to notify the operator whenever safety action
occurs after a safety limit has been exceeded. Alarms are also usually provided
when an alarm point somewhat below the safety limit is reached. This may
enable the reactor operator to take whatever action is possible to assist the
experimenter or to prevent a reactor shut-down.

4.6.11. Experiment information required fo r operation
It is important that the operating staff has available for every experiment
certain information which may be needed in the event o f safety or operating
problems with the experiment or with the reactor. Where a separate experiment
staff is in charge o f experiments, this applies to them rather than the reactor
operations staff. At many reactors, however, experiments have no separate staff,
especially during nights and weekends when only the reactor staff is present.
A complete safety report on each experiment is not usually required for this
purpose, but the information supplied should depend upon the types o f hazard
which might be encountered. In nearly every case, however, the required
information should include a short description o f the experimental rig, a list o f
hazards foreseen for the experiment, and a list o f any connections to the reactor
safety system which may cause the reactor to be shut down. Furthermore, any
operating limits for the experiment, such as maximum temperatures, pressures,
etc., should be listed and the action to be taken in the event o f these limits
being exceeded should be clearly stated. A list o f the personnel associated with
the experiment who should be called in the event o f trouble, should also be
furnished. At most reactors, it is customary for the reactor operating group
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to be responsible for safety, including all safety aspects o f experiments, to the
extent that they enforce safety rules and apply safety limitations related to
experiments as well as those related to the reactor.
4.6.12. Shielding and radiation
Care should be given to eliminating possible sources o f high radiation around
an experiment installation where radiation beams or high radiation from sources
such as the circulating coolant in an experiment system may create personnel
hazards. Empty tubes or pipes placed in or adjacent to the reactor core o f
pool reactors will allow high-intensity beams o f neutron and gamma radiation
to emerge. These may be shielded effectively by curving the pipe so that it is
offset by several diameters from a straight line. Any holes penetrating the
reactor shield to the reactor core, such as beam holes provided for experiments,
are dangerous sources o f radiation if they are open while the reactor is
operating. Great care must be exercised both by experimenters and operators
in making sure that specified precautions are observed to prevent personnel
being exposed to radiation beams and to ensure that all maintenance and changes
at beam holes are completed before the reactor is started up. A radiation survey
should be made immediately after a reactor start-up following the installation
o f any new experiment and, in fact, a radiation survey should be made after any
start-up when changes have been made in any experiment or in any other
equipment.

4.6.13. Testing of experimental equipment
Experimental rigs should be tested before being put into a reactor to find
any defects, to reduce the chance o f irregularities developing during operation,
and to avoid having to hold the reactor down while such defects are being
rectified. Shortcomings in the equipment can usually be remedied much easier
before a rig becomes radioactive; if problems arise after a rig is in the reactor,
they are apt to result in increased hazards as well as excessive delays both for
the reactor and for the experiment. It is advisable to plan the tests during the
original design o f an experiment to avoid additional design work later which
may be required to make the tests possible. The test plan should be reviewed
by the reactor manager (or his representative) to make sure that it includes
checking the various operating conditions which can be simulated outside
the reactor.
4.6.14. Co-operation between experimenters and operators
The safe operation o f experimental equipment requires that the experimenter
and the operating group work together closely. Co-ordination is.especially
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important during non-routine operation o f either the experimental rig or the
reactor. Start-up o f the reactor or the rig, removal o f radioactive equipment
from the reactor, and other operations are apt to cause trouble if the
experimenters and operators do not keep each other informed. Reactor
start-up is frequently an occasion for trouble; for example, the experimenter
may be performing some operation which renders him liable to exposure to
radiation. Special efforts should be made, therefore, to improve communication
at such times. Announcements that the reactor is starting up should be made
over a public-address system, the operator should check all experiments, and
warning lights or other visible signs should be placed in experiment areas to
indicate that the reactor is operating.
4.6.15. Changes in experimental equipment
For large experiments it is sometimes necessary to alter the operating
conditions in some manner such as changing the safety-trip limit agreed to
when the experiment was originally approved. A procedure should be worked
out in advance describing how much approval such an eventuality should
require. If the change is minor it might be approved by the operations manager
or a person designated by him, whereas if it is very far-reaching it might have to
be submitted to the safety committee or even the regulatory body, especially
if it exceeds the provisions o f Section 4.1 o f the Code o f Practice.17
4.6.16. Responsibility fo r safe operation o f experimental equipment
The experiment staff, if separate from the operating group, should assume
responsibility for the safe operation o f their equipment. This requires that the
limits agreed upon in the safety review must be observed. The reactor manager
should make certain that each experiment has had a safety review and has been
approved by his group and by the safety committee, if necessary.
The operations group must have ultimate responsibility for the safety o f
the reactor. Accordingly, if the need should arise, the reactor manager and
his staff should direct any operation o f experimental equipment needed to
ensure the safety o f the reactor and personnel. Since many scientists have little
background in reactor operations, they cannot always be expected to assess all
hazards o f their experiments. Therefore, the reactor manager is usually expected
to stop any experiment which he considers hazardous, even if it has been previously
approved. In actual practice, such occasions seldom arise; however, experimenters
should be aware o f the responsibility o f the operations group and o f their
authority over safety matters. Operating groups, on the other hand, should
endeavour to help experimenters in every possible way since the interest o f each
17 The corresponding section in the 1983 Code o f Practice is 12.1.
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group is best served by making the experiments successful. It is necessary that
the reactor manager, or a person appointed by him, have the responsibility for
co-ordinating the different experiments with the operation o f the reactor to
ensure that all the points discussed in this section will be considered during the
design o f the experimental equipment. This co-ordination should also continue
during the operation o f the equipment.

5.

CONSIDERATIONS APPLYING TO CRITICAL ASSEMBLIES AND
RESEARCH REACTORS

5.1. Safety instrumentation considerations
5.1.1. Safety instrumentation
The purpose o f safety instrumentation is to prevent the critical assembly
from reaching an unsafe operating power level and to help terminate excursions
before damage results. It has been found from experience that it is preferable
to have a number o f separate, independent, isolated safety channels. Each
channel should depend only on automatic instrumentation; no human action
should be required in any portion o f the safety chain. Human reaction time is
much slower than that o f instruments and human attention cannot be constantly
focused on all safety parameters. On the other hand, instruments can be made
to have adequately fast reaction times and their monitoring o f any parameter is
continuous. Safety instrumentation should be as reliable as possible; it should
be designed fail-safe in the event o f electrical power failure and, insofar as
practical, in the event o f component failure; it should be possible to verify its
operability by testing; and it must be separated into completely independent
channels so that no single component failure is likely to produce a failure o f
more than the one channel. Safety instrumentation may also be used to help
prevent personnel from being exposed to radiation, by giving alarm when there
is high radiation and by stopping reactivity additions while personnel are in a
critical assembly area.
Control instrumentation is sometimes considered part o f the safety
instrumentation, but many groups prefer to keep it in a separate category
because it is difficult to make it as reliable as safety instrumentation. Also, the
safety instrumentation, if properly designed, will protect the assembly or reactor
against any malfunction o f the control instruments.
5.1.2. Safety trips
Although a certain number o f safety trips is generally necessary, only
those essential to safety should be used in a protection scheme. When the
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safety channels indicate that the reactor or critical assembly reaches pre
determined power or radiation or other limits, the safety devices should be
actuated to cause a shut-down. If the period meter (some critical assemblies
use period meters in their control instrumentation rather than their safety
systems), for example, indicates a period shorter than the predetermined trip
value, the channel should effect an automatic shut-down. Typically a safety
system includes linear neutron-level channels and radiation channels. Some
facilities include period channels in their safety system, while others only
use period information for control purposes because o f difficulty with noise.
Other parameters such as temperature may be in the safety system if deemed
important to safety; however, it is undesirable to include more safety parameters
than necessary. In some cases, combinations o f alarm devices are arranged to
produce a scram. For example, two radiological instruments or one radiological
instrument and a high ventilation duct radioactivity alarm might initiate a
shut-down.
Safety trips should not be self-resetting; that is, nothing should stop the
safety action once it is initiated.

5.1.3. D etection o f basic information
The primary safety features in the safety system o f critical experiments and
reactors are safety devices capable o f removing reactivity faster than it can be
added, o f detecting reactivity increases quickly and reliably, and o f initiating
action o f the shut-down devices if required. Accordingly, every critical assembly
or reactor should have equipment or instrumentation which will supply all
necessary information on the parameters which describe and define the conditions
under which the core is operating. This equipment normally consists o f detectors
or sensors, such as neutron-sensitive and gamma-sensitive ionization chambers
positioned to detect the neutron and gamma levels reliably, together with
electronic channels to transmit the information to the control room. On the
basis o f this information, automatic action to control or shut down the assembly
or reactor is taken by the control or safety instrumentation or, if time permits,
the operator may be able to adjust the assembly before safety or control action
is required. Those parameters which have little or no time delay, such as the
neutron level or gamma-radiation level, are most suitable for primary safety
purposes. Further, neutron level can be measured over the complete range from
start-up to criticality thus making it the most reliable safety parameter.

5.1.4. Interference with safety instrumentation
Experiments to be performed with a critical assembly or a reactor may call
for information on parameters other than the basic parameters describing
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operating conditions. In some cases, additional instrumentation may be needed
to provide this information, but most often the basic instrumentation supplying
the working parameter data will adequately cover these additional needs as well.
When this is the case, the methods used to obtain such additional experimental
information from the basic control or safety instrumentation must not be
permitted to affect its proper functioning or to induce changes which are not
compatible with safe operation.

5.1.5. Minimum safety instrumentation
A hazard which causes much concern is the inadvertent start-up o f a critical
assembly or a reactor without sufficient operating instrumentation to provide
adequate information to the operator or to initiate operation o f the safety
devices. Although administrative controls, such as start-up check-lists and
frequent operational tests o f instruments, are useful and should certainly be
made, a number o f design features have been generally adopted to provide
additional safeguards.
The minimum number o f operating instruments required for safe operation
should be specified, that is, the number o f channels o f safety instrumentation
and whatever control instruments are deemed to'be necessary. Fail-safe features
are usually incorporated in the safety instrumentation (and sometimes also in
the control instrumentation), and interlocks are sometimes used to help ensure
that certain instruments are operating. Additional channels o f instrumentation
are sometimes provided beyond the minimum required so that the facility need
not be shut down simply because one channel o f instrumentation is not
operating properly. The facility should not be operated if the minimum com 
plement is not in operating condition.
The safety instrumentation should consist o f a minimum o f two safety
channels for every parameter deemed o f primary importance to the safety o f the
facility. The two channels should be independent o f each other; in practice,
this generally means two separate neutron-level channels which can be used to
shut down the assembly independently through actuation o f the safety devices
at some predetermined neutron level. In addition, there are sometimes at least
two other radiation monitors also capable o f independently initiating a shut-down
o f the assembly at a predetermined radiation level. Other instrumentation
channels may also be part o f the safety system if deemed necessary.

5.1.6. Range o f neutron detection
It is important that the instrumentation be indicating the neutron level
before reactivity additions begin so that the effect o f each addition is clearly
indicated. This is one o f the most important safety factors in protecting
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against an unexpected excursion. The operator should have an indication o f
neutrons in the core, and he must be sure that he does not mistake instrument
noise or some other effect for a neutron-level indication when perhaps the
neutron source remained in its shield or was not in the proper position in relation
to the core and the detectors. If, in such a situation, reactivity additions were
to be made without a measurable neutron level in the assembly, it would be
possible for reactivity to be added until a self-sustaining chain reaction was
initiated, causing the power to rise very quickly, perhaps to a point where
damage might occur.
Control instrumentation should cover every neutron level at which the
assembly may be operating. If necessary, two control instrument channels with
overlapping ranges should be used. It is advisable that safety instruments also
have as wide a range as possible, but in some designs it is difficult to make safety
instruments cover the whole range without introducing scale-changing features
which are undesirable for a safety channel. In a design in which the scale o f a
safety channel is changed, there is danger that the scale may be inadvertently
changed in the wrong direction, leaving the core unprotected.
5.1. 7. Safety system redundant channels
All the reactor instrumentation required for safety systems should be
duplicated in at least two separate channels. Any single safety system should
shut down the reactor whenever values exceed predetermined limits unless a
coincidence system is used. Preferably, signals should warn the operator well
before the limit is reached. Process instrumentation or other instrumentation
which does not have safety significance may be provided in only one channel;
however, multiple channels for control and process instrumentation may be
used to improve operating efficiency.
5.1.8. Safety system checks during operations
There is considerable controversy about the amount o f safety circuit
checking that should be performed during operation. In cases where this is
liable to cause unscheduled shut-downs, it is usually omitted and safety checks
are performed only before start-up. It is preferable for reliability data on the
safety system to be obtained before operation; however, if this has not been
done and if there is any doubt about reliability, the system should, o f course,
be tested even if a reactor shut-down might result.
5.1.9. Safety system tests
Many safety channel checks are made by introducing a signal to simulate
the limit o f power, period, temperature, etc. being monitored. Since this does
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not test the entire channel, it is usually desirable to test the channel occasionally
by actually reaching the limit or by lowering the trip level. Neutron-level
safety channels can sometimes be tested by moving the neutron chambers closer
to the core so that the trip level is reached at low power. If this method o f
changing safety trip levels is used, great care must be given to ensuring that the
trips are reset properly since it is possible to leave them at some incorrect setting.
Each safety trip should be checked before start-up or at least once a day if the
start-ups are frequent and, at some regular interval, the operating time o f the
shut-down mechanisms should be measured. This should include measuring the
time required for the mechanism to begin moving, the time to remove
approximately one dollar o f reactivity, and the time for the action to be completed.

5.1.10. Control system
In addition to the safety system which provides safety by shutting down
the reactor or the assembly, it is necessary to have a control system for the
purpose o f measuring and controlling the neutron level from the start o f the
approach-to-critical to the time that criticality or full power is achieved and for
maintaining the desired neutron or power level. Automatic reactivity addition
by the control system is generally limited to less than one dollar to prevent
significant interference with safety action.

5.1.11. Reliability o f instrumentation
In cases where safety instrumentation is not reliable enough to give the
desired freedom from spurious shut-downs, there are several possible alternatives.
One is the use o f a two-out-of-three coincidence system in which three independent
safety channels are used and two o f the three channels are required to agree
before a shut-down can occur. This type o f instrumentation is quite costly,
involves considerable design effort, introduces new problems, and, in general,
would not be justified in preference to the one-out-of-two or -three instrumenta
tion system in which any one safety channel can shut down the assembly. If the
instrumentation becomes so unreliable that it cannot be operated with only a
few spurious shut-downs, this is generally an indication that improvements should
be made either in the instrumentation or in its maintenance.
For low-power research reactors and critical assemblies, one-out-of-n type
instrumentation is usually adequate to provide safe and sufficiently reliable
operation. In this type o f system, there are at least two independent channels
for each parameter monitored for safety and any single channel can cause the
reactor to be shut down. Coincidence circuits, in which two out o f three safety
channels are required to agree before the safety action is initiated, are not
ordinarily considered necessary since low-power reactors can be shut down and
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restarted if a spurious trip occurs, without much concern for xenon poisoning.
Coincidence circuits might be required in cases where spurious shut-down
cannot be tolerated during an experiment, but such a case would be most
unusual. In addition to preventing many spurious shut-downs, coincidence
circuits give the advantage o f on-line testing and maintenance since one channel
may remain in the scram mode while repairs are being made and a safety scram
will not occur unless one o f the other channels also trips.

' J. 1.12. Indication o f criticality in work areas
Some form o f indication that the reactor or assembly is critical or about
to be made critical should be displayed in the areas o f the reactor building
where personnel require such information for their safety, as in the reactor or
assembly area and in experiment areas. This has been found to be very important
since mistakes have been made occasionally by personnel assuming that the
reactor was shut down when it had actually been started up.

5.1.13. Fail-safe instrumentation
As far as possible, all safety instrumentation should be ‘fail-safe’ . This
means that in any com m on failure, such as that o f electrical power or o f a
component which could result in a dangerous condition or in failure to detect
such a condition, the instrumentation should assume the condition o f maximum
safety which generally results in actuating the safety devices to shut down the
reactor or assembly. This may cause some inadvertent shut-downs.
A failure analysis o f the important safety systems is usually made to
determine the effects o f various com ponent failures. The results are used to
make the necessary changes to ensure that no single failure o f a com ponent or
instrument module could result in an unsafe condition. The ‘no-single-failure’
philosophy requires careful attention to isolation o f separate safety channels
so that a single failure could not cause all o f the safety channels (which actuate
the safety devices) to fail at the same time. An example o f such a failure is
given in gas-flow neutron chambers (now outmoded) with a safety system having
a single gas supply for all chambers. Failure o f the supply might cause all the
safety channels to become inoperative. Draining or filling o f beam holes or
other voids near safety chambers may have large effects on all the chambers.
Such common failures could be prevented or minimized in the first case by
having separate gas supplies for each chamber and, in the second case, by having
the chambers arranged in different positions around the assembly rather than
close together.
It should be noted that a fail-safe design does not always mean that
instrumentation is one hundred per cent fail-safe. Personnel are liable to
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become very dependent on this feature and forget that it is not always possible
to foresee or protect against all o f the failures which may occur.
Fail-safe instrumentation — types o f failure guarded against. Typical
examples o f the failures which should cause a safety channel to trip include .
loss o f ion-chamber power supply, loss o f power supply to instrumentation,
open circuits in cables or instruments, short circuits (including those to ground)
in cables and instruments, and any other failure which can be foreseen. Any
failure should initiate safety action.
Fail-safe radiological instrumentation. The fail-safe feature is desirable in
radiological protection monitoring instrumentation, especially for such common
failures as loss o f electrical power.
Fail-safe control instrumentation. Some designers attempt to keep control
instrumentation as fail-safe as safety instrumentation. Others take the position
that the safety system must be able to protect against any malfunction o f the
control system and the major effort should be expended on this. In this latter
type o f design, only one channel o f control instrumentation is generally required
compared to two or more safety channels.
Fail-safe experiment instrumentation. The fail-safe feature is normally
not incorporated in instrumentation used for experiments since it is generally
considered that no harm can ensue from experiment failure provided reactor
safety is guaranteed. O f course, if this were not so and the experiment could
itself cause a nuclear excursion, it should be treated in the same manner as the
reactor safety system.
Separation o f safety and control systems. It is important that the safety
instrumentation be kept separate from the control instrumentation since, if
connected, a failure in the control instruments might cause an unsafe failure in
the safety instrumentation. The problem o f analysing the fail-safe properties
o f the instruments would be much more difficult if the two types were connected
and the control instrumentation would have to be made as fail-safe and reliable
as the safety instrumentation. Many designers feel, therefore, that it is easier
and safer to concentrate on making the safety instrumentation fail-safe and able
to safely protect against any failure in the control system.
Failures o f fail-safe devices. If a failure o f a safety circuit or device should
occur which is not fail-safe, prompt action should be taken to correct the fault,
and the assembly or reactor should not be operated until corrections have
been made.
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5.1.14. Reactivity worth o f in-core instrumentation
In certain cases, in-core sensors or sources or other instrumentation may
have considerable reactivity worth. In such cases the movement o f the sensors
or sources might cause a considerable change o f reactivity, and care should be
taken to ensure that no such movement occurs when the reactor is critical or
approaching critical.

5.1.15. Position o f neutron detectors
Neutron detectors attached to the safety instrumentation should be so
placed with relation to the core that they will give reliable information
concerning changes in the neutron level in the core. Detectors should be placed
in such positions that most o f the neutrons reaching them com e from the core
rather than from the neutron source. Incidents have occurred because o f
improper placement o f the neutron detectors, especially when the source is
outside the core in a position where, through reflections or other mechanisms,
many neutrons can reach the detector without passing through the core.
(Possible arrangements are either to place the source inside the core and the
detectors outside or to place the source and detectors on opposite sides o f
the core. Since sources are usually smaller than detectors, they can usually
be placed inside cores with less difficulty.) It is desirable to place detectors
in a position where no void can occur nearby or where no existing void can
become filled with water since either change can affect the number o f neutrons
reaching the detector. Also, the chambers should not be placed near a movable
poison, such as a control rod, since movement o f the rod may have a strong
effect on the local neutron flux.
Any neutron absorbing material placed between a neutron detector and
the core may have a large effect — enough to seriously alter the output o f the
detector; any change in the position and quantity o f such material should be
carefully evaluated before the reactor or assembly is started up if any dependence
must be placed on the channel connected to such a sensor.

5.1.16. Reliability o f instrumen ta tion circuits
Instrumentation can usually be made more reliable by keeping the circuitry
as simple as possible; however, some designs incorporate monitoring and test
circuits which facilitate the checking procedures o f the start-up and which may
improve the chances o f detecting incipient failures in the instrumentation.
Care must be taken, however, to ensure that such auxiliary circuits do not
introduce new problems.
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5.1.17. Standardization o f com ponents and circuits to improve reliability
Reliability and operability can often be much improved by using standard
components and circuitry for safety instrumentation. The use o f standard
equipment for each safety and control system will make the maintenance,
operation, and testing easier. The reliability o f standard systems can be studied
and statistics kept in a more meaningful manner than is possible for a number
o f different types o f systems or components. Also, operating experience with
such standard systems will enable the designers or service personnel to discover
faults and remedy them quickly. Components such as relays are sometimes
the source o f much trouble and records o f failures should be kept since they
may indicate that a more reliable com ponent should be used. Components can
be selected by subjecting each o f several types under consideration to laboratory
tests to measure their useful life and their reliability. A program o f testing
components together with recording and investigating in-service failures will
add greatly to improving the reliability o f instrumentation.
5.1.18. Reliability o f independent pow er supply
Whenever loss o f electric power might produce a dangerous situation or
result in failure to reveal it, it is necessary to provide an independent source
o f power such as batteries. Normally, however, only a few monitoring devices
to inform the operator o f the safety situation o f the reactor or assembly need to
be provided with emergency power. If batteries are used, a good maintenance
program is required to ensure that power will be available when needed.
5.1.19. Safety system and control system alarms
Warning devices may be very useful for alerting the operator that a safety
level is being approached or that some action is required. The radiological
monitoring systems are typical examples. It is customary to have visual and
audible warnings both at the console and in the high-radiation area.
It is generally desirable to have audible and visual alarms preceding the
trip level on any safety monitor. These should sound in the control room since
this alerting signal may give the operator time to perform whatever remedial
procedure is available to him. Warning signals are often given on power level,
period, radiation, safety devices o f experiments, and, in general, any safety
device concerned with a critical assembly, a reactor or an experiment.
It is usually not necessary to require safety-system reliability or duplication
in alarm systems. However, it is necessary to keep warning systems independent
o f safety systems. Cases have occurred in which the need for independence was
not recognized, with the result that the reliability o f the safety system was
reduced.
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5.1.20. Safety system recorders
It is desirable to have recorders to record certain safety-related conditions
o f the reactor or assembly. It should be noted that safety, alarm, or interlock
actions initiated by recorders will not be available if the recorders are not in
operation; and, in general, it is considered unwise to depend on recorders for
safety action. G ood administrative control is required to ensure that they are
operating.
5.1.21. Safety system control panel
Considerable improvement in the effectiveness o f the operator may be
gained by laying out the control panel or console in such a way as to display
the most essential indicators, alarms, and controls in the central portion with
the less important instrumentation arranged on either side. Also, all control
and safety-action manual switches on the console should be within comfortable
reach o f the operator. If there is a multiplicity o f switches, safety action
switches and perhaps others should have distinctive colours or shapes.
5.1.22. Separation o f radiological instrumentation from safety instrumentation
Radiological protection instrumentation which may be installed around a
critical assembly should be kept separate from radiation instruments which
are part o f the safety systems used to initiate scrams when some predetermined
radiation level is reached. The two types o f instrumentation have different
purposes — one to scram the assembly, while the radiological monitoring
instrumentation is meant to warn personnel if the radiation level increases
beyond the working tolerance.
5.1.23. Radiological protection instrumentation in assembly or reactor area
Installed radiological instrumentation around an assembly should be designed
to be reliable. Several independent channels o f radiological monitoring instrumen
tation are generally placed at various points around the assembly or reactor to
ensure that no single instrument failure will leave this area unmonitored and
perhaps result in personnel entering while the radiation is too high. Furthermore,
many facility managers require that personnel use portable monitoring instruments
under certain conditions.
5.1.24. Manual scram switches
Manually operated scram switches should be available at the control
console and at other strategic locations about the building so that the assembly
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or reactor can be shut down quickly during an emergency. The manual scram
should override any other action o f the safety system.
5.1.25. Interlocks — uses
Attainment o f high power or fast periods is often prevented by interlocks
which stop or reverse the addition o f reactivity so that the power and period
can be kept under control without the safety limits being reached. Interlocks
are also used to ensure that reactivity is added by only one system at a time and
to enforce the proper sequence o f events during start-up and other operations.
For example, a low-flux or source signal interlock is often used in reactor
instrumentation during start-up to ensure that one or more instrument channels
detect neutrons. Another common usage is the provision for the source to be
inserted before start-up in zero-power or critical assembly reactors. At reactors
or critical assemblies having separate safety and shim rods, interlocks are often
used to ensure that the safety rods are withdrawn before the shim rods and to
ensure that the servo-controlled regulating rod (if one is used) is in its proper
position or mode before moving the shim or safety rods.
Interlocks against addition o f reactivity. It is a common practice to use
interlocking devices to ensure against the simultaneous addition o f reactivity
by more than one distinct method at a time, such as by rod motion and by
moderator addition, unless the effect o f such additions has been measured and
is considered safe.
Interlocks against inadvertent entry. A special and important use o f
interlocks is for access doors to a critical assembly area so that it is impossible to
gain entry without shutting down the assembly. This practice is, however,
not generally adopted; at some facilities it is believed that entry o f ‘recognized’
personnel into assembly areas is permissible, often necessary, and safe under
carefully prescribed conditions. These include no reactivity addition during,
or as a consequence of, the entry; monitored, low-radiation field; direction o f
manager o f the area, etc. Some managers feel that it is safer to rely on such
administrative controls, especially when frequent access to the area is
necessary, since it is difficult to be certain that inadvertent bypassing o f the
interlocks will not occur. Some managers also feel that such interlocks as
door switches are difficult to make completely reliable and may cause personnel
to rely too heavily on them rather than on monitoring for themselves when
entering the assembly area.
Interlock systems. A com m on form o f interlock system is a line containing
a number o f switches in series, all o f which have to be closed before the
required operation may commence or continue. These usually include keyoperated permissive switches located in the control room ; the keys to operate
these switches are kept under administrative surveillance by the manager or his
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designee. Other interlocks are built into the control instrumentation to ensure
that the proper conditions exist before certain operations can be performed;
an example is one requiring a minimum neutron indication by the control
instrumentation before reactivity can be added to the system.
Interlock cut-outs or blocks. In those cases where interlock cut-outs or
blocks are necessary, these should be designed into the system so that they do
not have to be made in an informal manner such as by clip leads or temporary
wiring. It is much to be preferred to have key-operated switches which can be
administratively controlled or to have automatic cut-out switches which come
into effect under certain conditions o f the safety or control system. The danger
in temporary wiring or clip leads is, o f course, the possibility that they might be
left in place inadvertently and lead to future troubles. When interlocks are
under administrative control, generally in the form o f key-operated switches,
these should preferably be located in the control room and connected to
annunciators on a special panel to indicate any blocks or cut-outs which are in
effect. To prevent the safety blocks or cut-outs used in one operation from
being inadvertently carried over to another, it is advisable to have strict
administrative surveillance o f the aspect o f the blocks before each start-up
o f the reactor or assembly, to design an automatic removal o f the blocks, or to
prevent a start-up until all blocks have been removed.
Keys for key-operated switches are usually kept in a locked repository
from which they can be removed only by authorized personnel. If deemed
necessary, a double key-operated switch may be used so that a key must be
supplied by each o f two authorized persons. Prior to every start-up, the status
o f the safety-block keys should be determined as part o f the check-list.
Precautions in use o f interlocks. While interlocks are extremely useful,
their use should not be overdone and their actions should be reviewed under
all possible conditions, including emergencies. Also, they should, in general,
not be employed if non-automatic blocks or cut-outs must be used frequently
to take them out o f service.
Those opposing the widespread use o f interlocks feel that it is difficult to
prevent interlock failure which, under some conditions, will increase the
hazards to the reactor and personnel.
Once an interlock is installed it should be maintained and its use should be
enforced. An interlock which does not operate may lead to serious mistakes
since personnel may have come to depend on it.
5.2. Control-rod considerations18
Control rods are discussed in a separate section because their use is com mon
to many critical experiments and to practically all research reactors. Only
18 The reactivity values quoted here should be taken as illustrative only. Actual values
used should be derived from the safety analysis.
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solid-fuel, lattice-type cores are discussed because it did not appear necessary to
complicate the subject in view o f the small number o f cores using control rods
but not solid fuel. In discussing control rods the term ‘withdraw’ is taken to
mean movement o f the rod to add reactivity and the term ‘insert’ to remove
reactivity. Although some reactors may have fuelled control rods where the
fuel section o f the rod is inserted to add reactivity, it is believed that the
discussion will be simplified if this convention is adopted. The term ‘seated’
is taken to mean the control rods are completely inserted.
5.2.1. Safety design features
The safety action o f control rods is usually dependent upon the force o f
gravity; if another means o f scramming the rods is used, the different rods
should be made as independent o f one another as possible so that no failure
o f the motive force on one rod can affect other rods. The reliability o f the
drive mechanism should be considered with respect to avoiding a failure to
stop or to reverse due to single phasing o f electric motors, switch failures, or
other malfunctions. Means should be provided for measuring the time
required, after initiation o f a scram signal, for initial movement to begin, for
approximately one dollar o f reactivity to be removed, and for complete safety
action to be accomplished.
Control rods which scram generally have shock absorbers to stop their
movement over approximately the last 10% o f their travel, thus reducing the
stresses in the rod and the structure upon which they come to rest. If
practicable, it is desirable that the rod and shock absorbers have compressive
rather than tensile stresses; designs having tensile stresses should be carefully
evaluated. Also, it is desirable that the rods come to rest without rebounding.
Seat switches or other devices should be available to indicate at the console
when the rods are seated, and position indicators should give the positions o f the
rods at all times. The seating mechanism should be strong enough to prevent the
rods falling through the core through a failure o f the grid or other structure.
5.2.2. Safety-shim-regulating rod system
In this system there are generally safety rods, shim rods, and regulating rods.
The safety rods are usually operated either singly or in banks, that is, several may
be moved to add reactivity at one time; they are usually either completely
withdrawn or completely inserted. It is generally required that the assembly
remain subcritical when only the safety rods are withdrawn since it is desired
that criticality be attained by moving the shim rods, which generally have better
monitoring and control features than the safety rods. Also, the safety rods
sometimes have higher withdrawal speeds than shim rods. Critical assemblies
or reactors operated under this system are generally made critical with all the
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safety rods completely withdrawn and with the shim rods partly withdrawn.
The regulating rod (if one is used) in this system is normally a control rod which
has a low reactivity worth and usually a low speed so that it can be used to
control the power. It is moved either by an automatic servo system or manually.
Under this system, scram signals cause the safety rods to be inserted and usually
cause the shim rods to be inserted also, while the regulating rod is either dis
connected from the servo system so that it remains stationary or, if not
disconnected, is withdrawn by the servo system. Start-ups with this type o f
system are accomplished by first withdrawing the safety rods either all together
in banks (several rods per bank) or one safety rod at a time. After the safety
rods are at their position o f maximum withdrawal, the shim rods are moved to
add reactivity until the reactor or assembly becomes critical, at which time the
regulating rod may be used to maintain the power at a constant value.
The rule that criticality should not be reached on withdrawal o f the shut
down rods may be somewhat difficult to administer when experiment and fuel
changes are made frequently. The alternative method o f rod design whereby all
rods have shut-down and shim action (control-rod system) is simpler; further
more, in such an arrangement, the control rods are usually operated partly
withdrawn where their worth during the initial movement in the event o f a
scram is greater than if they were completely withdrawn. This can be overcome
somewhat by changing the withdrawal limit o f the shut-down rods to leave
them inserted slightly at all times.
5.2.3. Con trol-rod system
Under this system all rods have the functions o f safety and shim rods, as
noted in the preceding paragraph, and one or more rods may be equipped to serve
as regulating rod. This system is suitable for assemblies or reactors in which the
space is limited and where it is desired to make utmost use o f it to obtain the
highest possible degree o f safety. Since criticality is generally reached with the
rods at some intermediate position, they are more effective for removing reactivity
during their first movement in case o f a scram than are safety rods which, at their
withdrawal limit, have little negative reactivity effect during their initial movement.
All rods moving together should add reactivity at a safe rate. The rods may be
operated by the operator, either singly or all together, and usually at least one
has a small part o f its operating travel assigned to a servo system which can adjust
the rod over this short distance to maintain the power constant. This short
distance is usually set to correspond to a reactivity worth o f less than 0.5% Ak/k
(in water-moderated reactors or assemblies).
The basic criterion in determining the reactivity to be assigned to the
regulating system is to limit the possible reactivity addition to that which can
be safely tolerated by the core and safety system if added all at once. Upon the
initiation o f a scram signal, all control rods are inserted to reduce reactivity.
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During start-ups all rods are moved to add reactivity, usually all together, until
criticality is neared, at which time they may be operated singly.
5.2.4. Minimum number o f con trol rods
If control rods are the only shut-down device, there must be at least two
which scram in order to provide at least two separate and reliable devices for
shutting down the reactor. Each o f the two must be capable o f making the
reactor subcritical. Generally, there are three or more rods.
5.2.5. Reactivity worth o f control rods
A general safety rule is that the reactor should not be critical when any
single rod is withdrawn completely while the others are fully inserted and when
separate shut-down and shim rods are used; it is usually required that criticality
should not be reached on withdrawal o f the shut-down rods.
A number o f rules have been made concerning the total reactivity worth
required o f the control rods. One such rule is that the control rods (those which
scram) should be worth 50% more than the total or maximum excess reactivity
available within the core. This rule assumes that the maximum excess reactivity
might be suddenly made available and provides sufficient shut-down margin for
such an event, but it is somewhat difficult to administer, and the minimum
control-rod worth might vary depending on the amount o f excess reactivity
associated with experiments, samples, etc.
An alternative method o f specifying the required reactivity worth o f the
control rods uses the available excess reactivity (i.e. that suppressed by the control
rods) as the basis. The minimum control rod worth is generally chosen as twice
the available excess reactivity. This is justified on the grounds that experiment, equip
ment, samples, and other materials in the core can be administratively controlled and
no single experimental rig or sample should have a reactivity worth which is a large
fraction o f the shut-down margin. Thus, even if, through some inadvertence,
one rig or sample were removed, the shut-down margin would be adequate.
This method is easy to administer since the shut-down margin over the available
excess reactivity is measured at every start-up.
5.2.6. Reactivity addition with control rods
To limit the reactivity addition so that the assembly or reactor does not reach
a dangerous power level before the safety system becomes effective, several pro
cedures are used. One o f the most widely employed, the ‘cocked-rod’ procedure,
applies to the way the rods are used during fuel addition to a moderated core.
Cocked rods. The so-called cocked-rod procedure requires that all or some
o f the shut-down rods be withdrawn so that they are available to scram. This is
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advantageous if fuel is added when there is any chance o f the core becoming
critical, since criticality can be detected and a scram produced with the negative
reactivity available in the shut-down rods providing a safety margin. The shim
and regulating rods remain in their normal shut-down positions.
It is important to note that the cocked rods would be more effective during
their initial movement if they were not completely withdrawn. The cocked-rod
procedure provides a warning in the event that more reactivity is added than
planned and thus prevents the addition o f sufficient reactivity to exceed the
shut-down margin.
If the cocked-rod procedure is used, the shut-down margin is reduced by
the worth o f the rods which are cocked, and the remaining margin is sometimes
called ‘partial shut-down reactivity’. A rule which is sometimes applied requires
that this should not be allowed to become as low as the value o f the most
effective safety or control rod.
If the cocked-rod procedure is used, the safety system must be able to
detect neutron flux changes. The fuel should be loaded under the same limitations
o f reactivity addition rate as apply to any reactivity addition so that the protective
system will be able to act with adequate rapidity if criticality should be exceeded.
In the case o f safety action occurring, the fuel addition should, o f course, be
stopped.
During the manual loading o f fuel under a cocked-rod procedure, if the
assembly exceeds criticality causing the cocked rods to scram, the operator might
release the fuel element being inserted. If the fuel is loaded vertically, this might
then fall by the action o f gravity into a position o f considerably greater effective
ness and, unless the worth o f the fuel element were exceeded by the negative
reactivity added by the rods, a reactivity excursion might ensue. In most cases
the reactivity added by such an event would not exceed the worth o f the shut
down rods; however, the two worths should always be kept in mind and the
estimated worth o f the individual fuel element compared with that o f the cocked
shut-down rods.
Seated rods. An alternative practice is to make fuel additions with all rods
inserted. Fuel is added in sufficiently small increments so that the total worth o f
the shut-down reactivity in the control rods will be at least twice as great as the
available excess reactivity after any fuel addition. In this practice an approachto-critical test is usually made with the rods after each fuel addition in a new core.
Furthermore, in this procedure the low-range instrumentation is generally
made sensitive enough to indicate, by a change in the neutron level, each addition
o f fuel even though the control rods are fully inserted, so that additional warning
would be given long before enough fuel was added to cause the core to be critical.
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5.2.7. Control-rod speed
When control rods are used to add it, reactivity must not be added too
rapidly as criticality is approached. This may require that the speed o f the rods
be reduced in some manner, either administratively or automatically. An automatic
design is typically an interlock with the period which stops rod withdrawal when
ever a short period (such as less than 10 s) is reached; however, the control may
be administrative in that the operator may observe the period or the rate o f change
o f power and limit rod motion accordingly.
5.2.8. Reactivity addition rate
Various rates are proposed for reactivity addition by control-rod withdrawal.
One such rule is that the reactivity addition should not exceed a rate o f
2 X 10“ 2% Ak/k per second, although some designs permit rates as high as
0.1% Ak/k per second. Whichever system is used should be dependent upon the
capabilities o f the safety system and the need for higher reactivity addition rates;
low-power research reactors do not generally require a high rate. Since xenon is
usually o f minor concern with low-power reactors, the time available for restarting
following a shut-down is generally ample; however, this obviously does not apply
to research reactors o f the power-burst type where a control rod is withdrawn
very quickly to produce a power burst which is limited to a safe value by the
self-quenching characteristics o f the core. Shut-down rods are sometimes given
higher withdrawal speeds than shim or control rods to enable the start-up to be
completed in a reasonable time; however, this adds a complicating safety factor
since, if their withdrawal o f reactivity is at a higher rate than is considered
permissible, special efforts must be made to ensure that the core is subcritical with
the safety rods withdrawn. A loading mistake or some other event might cause
the core to become critical while shut-down rods were being withdrawn. If these
were being withdrawn at a high speed, the accident might be considerably worse
than if the rods had the same speed as the shim rods.
If there is any possibility o f a fuel addition or other change increasing the
excess reactivity o f the core and that criticality might be achieved by withdrawing
the shut-down rods, some procedure should be devised to determine the point
o f criticality in a safe manner. For example, in an assembly equipped with a
moderator-height safety device, the shut-down rods could be withdrawn with the
moderator drained and an approach to critical made by raising the moderator.
If criticality was not reached with the moderator, the approach would then be
completed by withdrawing the shim rods. In a system not equipped with a
moderator-height safety device, the shim rods (assuming they could scram)
could be withdrawn and then inserted, after which the safety rods could be with
drawn a distance which would give an equivalent worth. Some procedure such
as this should be used to prevent the addition o f reactivity, near the point o f
criticality, at too high a rate or with rods not having the required features.
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5. 2.9. Operation o f control rods
Important safety specifications for the operation o f control rods include
limits for the time initiating the operation o f the latch (often an electromagnet),
time for initial movement o f the control rod, time for removing the first dollar
o f reactivity, and time for complete movement o f the rod during a scram.
The reliability o f the safety action must be very high. During the checking
o f a new system it should be tested a fairly large number o f times (but not so
many times as to be a large fraction o f its expected life) and any malfunction
should be carefully evaluated and the reasons for this clearly understood. Any
malfunction occurring after the safety report has been approved might require
a report to the regulatory body if any safety limit is violated (see Section 3.9
o f the Code o f Practice).19
During routine operation, regular tests o f the safety action should be made
to ensure that the control rods are operating within their design limits. Any
failure, especially a long action time or a failure to seat after a scram, should be
investigated immediately since this often portends serious mechanical trouble
due to galling, misalignment, damage, etc. to the rod or its surroundings. The
reactor or assembly should not be operated until all troubles are understood
and corrected.
When it is necessary to remove a control rod from a core, the available
reactivity o f the core should be reduced by removing fuel or moderator. If fuel
is unloaded, the locations from which it is removed should be considered carefully
to avoid creating high reactivity worth positions as far as possible.
5.3. Building and shielding considerations
5.3.1. Shielding fo r critical assemblies
Personnel in the vicinity o f critical assemblies should be protected from
the consequences o f possible nuclear excursions. Such excursions have generally
been in the range o f 1016—1017 fissions, except in a few cases in which they have
exceeded 1018 fissions. The shielding should be thick enough to safeguard
personnel at any location where they are likely to be at the time o f an incident.
In some facilities, shielding is designed to allow a maximum dose o f 25 rem
(suggested as a once-in-a-lifetime dose); however, this should be considered
carefully in view o f the future employment o f the personnel.
When temporary shielding is stacked around an assembly, consideration should
be given to possible instability which might add reactivity or damage the assembly.

19 The corresponding section in the 1983 Code o f Practice is 5.7.
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5.3.2. Shielding fo r reactors
Shielding around a reactor and its coolant system should be sufficient to
reduce radiation levels at the highest operating power o f the reactor in areas which
may be frequented by personnel to values recommended for continuous exposure.
In the case o f low-power research reactors, it is very unlikely that the shielding
would have to be cooled because o f radiation absorption.

5.3.3. Building arrangement
A research reactor control room should provide for good visibility o f the
reactor and experiment areas; in a critical assembly the control room should
have a shielded window viewing the assembly area. A television monitoring
system may sometimes be useful if other means o f surveillance are inadequate.
The floor loading capacity should be considered in areas where heavy
objects might have to be used.
The surfaces o f walls, ceiling, floors, shelves, equipment, etc. should be
designed for easy cleaning in the event o f contamination. Equipment, piping, etc.
in the areas likely to be contaminated should be kept to a minimum so that
decontamination should not be so difficult. Much o f this can often be placed
in adjacent areas, pipe chases, etc.

5.3.4. Radioactive wastes
Provision should be made for safely disposing o f solid, liquid, and gaseous
radioactive waste. Liquid waste at a water reactor may come from the reactor,
the regeneration o f demineralizers, decontamination o f equipment, and radio
chemical laboratories. Although less waste may be produced in a critical experi
ment facility, some may be generated from the decontamination o f the assembly
area and other areas where unclad fuel or fuel solutions are handled or stored.
Means should be provided for collecting all liquid waste in a central storage tank.
This is most conveniently done by shielded drainage pipes or, if the amount o f
waste is small, it may be transferred to a central storage in movable tanks; in
cases when freshly irradiated fissile material or fission products are sent to the
waste system, it is necessary that the system be off-gassed (kept under negative
pressure) through charcoal beds to prevent fission gases diffusing to other parts
o f the building through the waste drainage system or escaping from the collection
tank. Provision should be made for sampling to make radioactivity analyses,
for monitoring the level o f liquid in tanks, and for keeping the system in a noncorrosive state. If wastes are acid, for example, it may be necessary to add caustic
to prevent corrosion.
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When the wastes have been collected in a central tank, it is usually necessary
to make some further disposal, such as dilution and.release or concentration and
storage. If the wastes are very low in radioactive contamination, it may be possible
to dilute and release them in some convenient location. If they must be concen
trated, it is convenient to use an evaporator and then to permanently store the
concentrate in some form.
Gaseous wastes are usually handled by keeping those areas or equipment
considered most likely to release gases at a negative pressure with respect to the
surroundings. An off-gas or negative-pressure system is often desirable in research
reactors or in any operation where radioactive gases or particles may be released.
Piping for such a system is provided in experiment areas, decontamination areas,
waste tanks, laboratories, hoods, etc. The gas flow in the disposal system is
generally through particulate filters and charcoal beds. Provision should be made
for monitoring the release o f radioactive particles, radioactive iodine, and radio
active noble gases.
Both liquid and gaseous waste systems should be equipped with monitors
that are sufficiently accurate to measure the amounts o f radioisotopes released
to the environment and to give warning if unsafe amounts should be released.
The control o f solid wastes involves collecting, packaging, and disposal,
complicated by the problems o f contamination and radiation. One o f the most
valuable techniques is to segregate high-level from low-level wastes. Minimizing
the volume o f high-level waste reduces the handling problems considerably and
compaction or incineration may be used to further reduce volumes. However,
a very good system for containing the radioactive ash from incineration is
necessary. Only contaminated solid waste should be collected since the addition
o f uncontaminated wastes increases volumes and costs. The handling o f high-level
waste should be planned carefully to control the spread o f contamination and
exposure o f personnel.

\

5.3.5. Con tainmen t ven tilation
Since, in the event o f an accident, it is possible that the containment area
around a reactor or an assembly might contain radioactive gas, the safety analysis
report generally specifies the action to be taken in such an event. Usually the
action consists o f discharging the contaminated gas through suitable clean-up
systems or sealing the containment and either allowing the gas to decay in the
containment or, in some cases, recirculating it through a clean-up system inside
the containment. The first arrangement is the easiest to operate since it requires
no change from normal ventilation conditions (being already in operation) even
in the event o f an accident and the system needs only to continue operation.
Where a clean-up system is used either in an exhaust or recirculating
ventilation system, particulate filters and activated charcoal beds are placed in
the ducts. There is some evidence that the charcoal becomes less effective for
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the removal o f elemental iodine after about three or four years and within a shorter
time for the removal o f methyl iodide. Humidity appears to have some effect on
the efficiency o f the charcoal; therefore, it has been the practice in some locations
to arrange the installation so that the charcoal is not subjected to very low tempera
tures which would increase its moisture content.
The particulate filters likewise should be protected from high humidity since
condensation o f moisture on them is detrimental.
In planning a filter-charcoal bed installation, it is helpful to provide access
ports for injecting iodine and particulate test materials upstream o f the filters
and for removing gas samples, both upstream and downstream.
In containment systems designed to close when there is a release o f radio
active material, the principal problems are the leak-tightness o f the building and
the tests which are generally required at some regular interval.
Unless the building was originally designed to be leak-tight, it is very difficult
to make it tight at a later date. There are so many construction joints and
cracks where air can escape in a conventionally designed building that it is almost
impossible to find and seal all o f them. In buildings which are or originally were
leak-tight it is necessary to control all maintenance so that any holes cut in the
walls are properly sealed and that the seals around the doors and around cable
and pipe penetrations are kept in good condition. To be sure that the building
remains leak-tight, however, it is necessary to test it at some regular interval such
as annually or biannually. This usually involves pressurizing the building and
measuring pressure changes, after equilibrium temperatures have been reached,
long enough to estimate a leak rate. If the leak rate is too high, the outside o f
the containment must be examined to find the leaks. These are most apt to occur
at construction joints, at doors, or at points where pipes, cables, etc. penetrate
the wall. It is, o f course, helpful if methods o f repairing such leaks have been
provided for in the design.
5.3.6. Communications
Equipment should be provided for communication between personnel
at the control console and those who may be at the critical assembly. Some
type o f public-address system is advisable so that the console operator can make
announcements which may be heard all over the building. An emergency micro
phone is sometimes provided in an area not likely to be affected if the control
room should have to be evacuated. Also an evacuation horn or siren is usually
provided to warn personnel that they should leave the building.
5.3. 7. Construction, modification and fabrication
Many facilities are already in existence and, in these, design considerations
must apply largely to alterations, although they may indicate features which
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need improvement. General non-nuclear safety rules should apply to the design
and construction o f any critical facility or reactor, including fire prevention,
building codes, welding and other metal-working codes, many o f which are
prescribed by the country in which the facility is constructed. It is usually
important to maintain the original standards o f construction and fabrication in
any subsequent modifications.

5.3.8. Building design
The hazards resulting from accidents releasing large amounts o f radioactive
materials and the possibility o f contamination due to radioactive materials
generated or released during routine operation should be considered in designing
the building and the ventilation and containment systems.
Some general safety problems should be considered in the building design
for critical facilities and reactors. These include such factors as routes enabling
personnel to evacuate the building in the case o f an accident, and a ventilation
system which exhausts air from the area most likely to become contaminated,
thus causing air to move through the building from the clean to contaminated
areas. The building should be designed to reduce traffic in areas which may be
contaminated; offices, shops, control room , and other clean areas should be in a
part o f the building separate from the reactor and it should be unnecessary to
pass through the reactor areas to reach the clean areas. An area in the part o f the
building likely to be contaminated may be set aside for decontaminating small
items which have become contaminated.
Access for bringing heavy objects to the assembly or reactor area may be
important. The hoist used for handling heavy equipment should not have excessively
high speeds, and it should be provided with an emergency disconnect switch in case
one o f the control relays should jam. Brakes which act automatically on loss of
power are a necessary feature. During the lifting o f objects in or near the reactor
or assembly it might be possible to exert excessively high forces with the hoist.
To safeguard against such an accident a load-indicating device is often interposed
between the hook o f the hoist and the load to provide an indication o f the force
being exerted.
Personnel clothing change rooms and shower facilities should be located
conveniently near the entrance o f the contamination areas. Consideration should
be given to the method o f access to the reactor or assembly areas if they should
be heavily contaminated. The storage o f equipment for emergencies should be
in areas not likely to be contaminated.
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5.4. Safety considerations in fuel handling and storage
5.4.1. Designa tion o f fuel
When different types o f solid fuel o f varying enrichments or composition
are available, it may be difficult to ensure that a mistake will not be made by
loading the incorrect fuel into an assembly or reactor core. Under some conditions,
this may be prevented be designingeach type o f fuel with some mechanical differ
ence so that a mistake could not be made, but such a requirement becomes very
difficult to enforce in every type o f design and operational situation. This would
interfere with the performance o f an experiment, for example, when it is desired
to change the size o f the enrichment zones in a core. In such cases, the fuel must
be made so that it is interchangeable and the only practical means o f differentiation
is by some method o f marking. In practice, this problem is almost always controlled
by administrative methods and by marking the fuel foils or elements. Prepared
loading patterns and procedures which provide surveillance and enforcement help
ensure that the correct loading pattern is followed. Naturally, it is important that
a clear way o f marking each fuel piece be used. Colour coding o f each piece o f
fuel or a number or code etched on the surface are typical markings.
>It should be recognized that in most critical experiments the experimenter
should plan his experiment as if he had no knowledge o f the content o f each piece
o f fuel, and the approach to criticality should be made with sufficient caution for
the worst mistake to have no serious consequences. The worst consequence o f a
loading error would then be the accumulation o f misleading data.
5.4.2. S tor age o f fuel
Fuel should be stored in a safe repository in which it will be protected from
corrosion, unauthorized movement, or accidental criticality. The last is generally
prevented by racks which provide safe spacing between elements or by racks
fabricated o f neutron-absorbing materials. It is generally required that the spacing
or neutron-absorbing racks be safe even against flooding; however, it is certainly
undesirable that such a repository be flooded since certain types o f fuel or clad
materials corrode easily. Unclad uranium, for example, corrodes readily even in
air and the oxide may cause troublesome contamination.
5.4.3. Contamina tion
Contamination by fissile material is undesirable for health reasons although
uranium is much less toxic than other fuels. Contamination is also undesirable
because it may be spread to laboratories having a counting experiment.
The most likely sources o f fissile material contamination are the surfaces
o f unclad fuel, especially bare uranium metal or other bare fissile material; any
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item handled in an area where loose fissile material is present is likely to become
contaminated. To prevent such contamination, all work with loose fissionable
material should be concentrated in an area where the spread o f contamination
can be controlled. Strict control o f traffic through such areas is necessary, as is
frequent monitoring by counting smears followed by cleaning when necessary.
Another measure which is helpful in preventing contamination is wrapping fuel
pieces in plastic or waterproof paper after they have been cleaned so that they
will not become recontaminated if clad, or scatter contamination if unclad. Clad
fuel elements which ordinarily are not expected to be contaminated should be
inspected before use by smearing and counting techniques to make sure that no
significant amount o f loose contamination is on the surfaces. Small amounts o f
uranium contamination are generally present on the surface o f most clad fuels;
such contaminated fuel, if operated in a research reactor, is a source o f fission
products.
Contamination is a problem after a critical experiment if the fissile material
is present in solution since the inside surfaces o f test and storage vessels and piping
become contaminated. These surfaces must be cleaned after the experiment, at
least to an acceptable level from the viewpoint o f personnel hazards, to prevent
alpha contamination o f other areas since dry surfaces sometimes allow contami
nation to become airborne, so careful monitoring procedures should be followed
to ensure prompt detection.

5.4.4. Storage o f irradiated fuel
Requirements for fuel storage facilities depend upon the type o f reactor.
At a pool reactor it is convenient to store the irradiated fuel elements in racks
on the floor o f the pool some distance away from the reactor. Transfer o f the
elements from the reactor to the rack is easily accomplished by moving the
elements through the water, which provides adequate shielding. Whenever possible,
it is convenient to store elements in the tank o f tank-type reactors for some time,
such as 3—4 months, after they have been removed from the core before attempting
to remove them from the tank in a shielded cask. This considerably lessens the
amount o f shielding which is necessary and reduces cooling requirements.
If it should be necessary to move fuel elements soon after shut-down o f the
reactor in an uncooled cask, some consideration should be given to the fissionproduct decay heat, although with low-power research reactors this is unlikely to
be a problem. Nevertheless, it is advisable to provide means for cooling such a
cask by spraying water, blowing air, or other means and to conduct a test by
inserting a thermocouple in the first fuel removed. If the thermocouple has good
contact with the fuel, it should give ample warning if the temperature rises to an
unsafe value and cooling can be initiated.
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5.4.5. Storage o f defective fuel
Concern is often expressed for those occasions when a defective fuel element
must be stored since there may be a possibility that fission products continue to be
released from it during the time it is in storage.. Experience has shown this to be
a not very serious problem, at least with aluminium alloy fuel; however, a number
o f schemes have been used for storing such elements. An aluminium or stainlesssteel tube with a gasketed, flanged closure can be built to store the defective
element until it can be shipped to a recovery plant. Another type o f storage
facility which has been used in some locations consists o f a storage rack arranged
so that water is sucked either from the bottom or top o f the storage rack holding
the element and routed to a clean-up system, usually a demineralizer. The
cleaned water from the demineralizer can generally be returned to the storage
pool. Even in cases where aluminium-clad fuel plates have melted, the contami
nation appears to have been mostly released at the time o f the incident and only
small amounts o f fission products were released afterwards.
5.4.6. Procedures fo r safe handling o f fuel
G ood control over fissile material and nuclear materials in general is essential.
If the amounts to be handled and stored are sufficient to cause an assembly in the
storage area to become supercritical under any condition, the manager should
establish rules to ensure that the fuel is handled only under safe and approved
conditions. These should include the safety principles and procedures to be
observed for handling and storing such fuel. The procedure should specify the
amounts o f fuel which may be handled or stored, the methods for handling, and
the safe conditions for storage.
To avoid unnecessarily complicating the use o f small amounts o f fissionable
materials, however, it is common practice to allow small amounts to be handled
without much formality. Although the hazard o f criticality may not be great with
small amounts, there is considerable hazard in contaminating clad fuel and other
materials with uranium or other fissionable material; this may cause considerably
worse contamination (from 239Np and fission products) if the fuel is operated at
any appreciable power in a reactor after being contaminated. Accordingly, an
approval procedure for even small amounts o f nuclear fuel is considered an
advisable precaution and the approvals should require that the recipient take
reasonable precautions to prevent the loss or spread o f the fissionable material
in such a way as to cause a contamination problem later.
5.4. 7. Fuel loading procedures
Some facilities follow rather formal procedures in loading fuel into a critical
assembly or reactor. An accounting system is kept by the supervisor or other
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responsible person to ensure that the fuel is loaded as designated and that only
the required amount is withdrawn from storage. Similar precautions are taken
during fuel unloading procedures during which the fuel may be returned to fuel
storage if it is not radioactive or into hot storage racks if it is too radioactive for
the new fuel storage area. Some critical assemblies, however, rely on procedures
specifying the safety principles to be followed but with less formal accounting.
Procedures should not become so informal, however, that control over the location
and use o f the material is lost.
In most facilities heavy dependence must be placed on administrative control
to prevent more rapid fuel addition than specified or errors in the type o f fuel
used. It is important to make certain that fuel elements are identified as they
are being handled to ensure that the correct elements are loaded or unloaded.
5.4.8. Fuel loading-neutron level
Since there is always concern that some mistake made during manual fuel
handling at a reactor or at a moderated assembly may result in a reactivity
incident, strict controls are generally set up to ensure that the specified fuel is
loaded in the specified positions in the lattice and that a low-range neutron
instrument channel be visually or audibly indicating the condition o f the core.
Such a channel should be sensitive enough to indicate the addition o f each fuel
element.

5.4.9. Precautions for unloading fuel or moderator
Fuel or moderator unloading procedures should be specified to ensure that
no inadvertent change causes reactivity additions. The possibilities for errors
which might have this effect should be impressed upon the staff. For example,
a change in the lattice pitch during unloading operations might add reactivity.
The number o f personnel required for unloading, as for any special operation,
should be specified.
5.4.10. Fuel element movement
One o f the hazards sometimes postulated is that o f a control rod raising,
through friction, one or more adjacent fuel elements. After criticality has been
achieved, the raised fuel elements fall back into place, creating a power excursion.
For this reason most lattices separate fuel and rods by a mechanical arrangement
to prevent adjacent fuel elements being affected by control-rod movement.
5.4.11. Precautions fo r handling tools
Handling o f fuel elements with strings, ropes, or other flexible tools may
be unsafe. These strings are sometimes tied to the bridge o f pool reactors and it
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is possible that the bridge or some object might be moved in such a manner that
the string might become entangled and the element raised slightly above the core.
For this reason, many operators feel that fuel elements should only be moved
with long-handled metal tools which cannot be left connected to the fuel element.

5.5. Precautions in use o f materials
Materials used in the structure, core, and other components o f a reactor
or critical assembly which are required to be reliable for the continued operation
o f the facility should be considered during design or, if the facility is already
built, at regular intervals from the point o f view o f corrosion, wear, stress, or
irradiation effects, although in critical facilities the radiation effects would
normally not be large enough to be o f much significance. However, some organic
materials frequently used in critical assemblies (including plastics) are rather
sensitive to radiation.

5.5 .1. Material problems from radiation
A great many materials may create hazards during their irradiation in a
reactor. For example, sodium-containing equipment may leak, allowing water
to react with the sodium, and organic materials may decompose under irradiation
and give o f f gases which may cause containers to explode or the material may
become very brittle. Low-temperature liquids, such as liquid nitrogen or helium,
may be hazardous under certain conditions. During irradiation o f liquid nitrogen,
oxygen may condense on cold surfaces and form ozone, which can explode if
brought in contact with organic materials.
Organic materials generally must be used with care in reactors. When it is
necessary or desirable to use organics, samples should be irradiated for different
times to determine how long they can be used safely. Plastic sample holders for
pneumatic tubes are very desirable because their low radioactivity after removal
from the reactor permits them to be unloaded with minimum radiation exposure
o f personnel. Sometimes, after experience has been gained with a plastics material,
the radiation damage in it can be estimated by a colour change so that its use can
be discontinued before brittleness becomes a problem. Wood is an example o f
organic material which does not withstand irradiation well; it swells, cracks,
becomes brittle, and eventually resembles charcoal powder. Graphite will swell
upon irradiation with fast neutrons and should not be irradiated for long periods
without an inspection program to detect swelling before it becomes serious.
Tantalum and rhenium are normally not thought to corrode rapidly; however,
under some conditions enough radioactive material comes o f f their surfaces to
cause contamination.
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Chemical compounds in general should be irradiated with care. Unless their
stability under radiation is known, the possibility o f decomposition with an
attendant pressure increase should be considered.
Equipment fabricated for experiments should be carefully cleaned o f
extraneous materials before being inserted into a reactor. An example o f the
consequence o f failing to observe this rule occurred in the fabrication o f a
pneumatic tube. The tubing had to be bent; in order to bend the tubing while
preventing it from collapsing, it was filled with a low-temperature-melting alloy
which contained a considerable amount o f bismuth. After the bending was
completed, the alloy was melted out o f the tube; however, the tubing walls were
contaminated with small amounts o f bismuth which, upon irradiation, formed
polonium, and severe alpha contamination resulted.
Radiation damage occurs in structural materials such as beryllium, aluminium,
and stainless steel. However, most o f these require very high neutron doses for
the degree o f damage to become significant; it is unlikely that any problem o f
this sort would occur in a low-power research reactor. Other problems are more
likely to be serious, such as corrosion associated with magnesium, graphite,
rhenium, and mercury; decomposition o f organic materials; contamination and
heating o f fissionable materials; and high radiation doses from material after it
has been removed from the reactor. Materials which corrode rapidly in the
environment, such as cast-iron and carbon steel in water, are generally undesirable
since the heavy rust layer becomes radioactive and can be a source o f contamination.
Experience has demonstrated, however, that it is possible to use many iron alloys,
including cast-iron, successfully as long as there is sufficient clean-up o f the water
to remove radioactive particles or ions. Trouble has been encountered with silver
solder when radioactive silver became widely spread. Brazing fluxes may leave
behind undesirable material which may cause radioactive contamination or
corrosion.
There are so many problems associated with materials that it is impossible
to foresee every one. The only protection against such problems is a careful
evaluation o f every material and every operation involving the material.
5.5.2. Corrosion
Corrosion o f stainless steel has occasionally occurred because small remnants
o f cleaning solutions have been left on the surfaces. Degreasing solutions containing
chlorine, for example, have sometimes remained in cracks where they have caused
stress corrosion o f stainless steel; in general, any chloride is undesirable. Unclad
metallic fissile material corrodes readily in a damp atmosphere and should be kept
as dry as possible.
Aluminium is a com mon material widely used in critical assemblies and
reactors because o f its low neutron absorption cross-section. If used with fissile
solutions, it may have to be coated with appropriate corrosion-resisting material.
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Graphite may cause corrosion o f other materials if exposed in water systems.
Magnesium, exposed in water systems, corrodes very rapidly. Copper and copper
alloys have caused corrosion o f aluminium in water systems; however, this effect
can be minimized by keeping the resistivity o f the water above 300 000 ohm-cm.
Mercury can cause pitting corrosion o f aluminium and should be kept out
o f areas where this might be a problem.
Where corrosion is or may be a problem, it is a good safety precaution to
maintain a series o f samples under the same condition as the system so that the
samples can be removed regularly for examination.
Corrosion control in water systems. Although many critical assemblies are
not normally filled with or submerged in water much o f the time, a positive
program o f corrosion control and regular inspection may be necessary for cases
when the assembly or reactor is submerged in water for long periods. As a practical
matter, it has been found that control o f the pH and resistivity o f the water will
generally limit the corrosion o f aluminium to very acceptable values. Maintaining
the resistivity above 300 000 ohm-cm and the pH between 5.0 and 6.5 has, in the
past, provided ample protection. These conditions are generally maintained by the
use o f a recirculating ion-exchange system with a capacity o f about one to two
system volumes per day.
5.6. Radiological protection20
The radiation protection group, which may consist o f only one person,
should conduct regular surveys around the reactor to ascertain that radiation and
contamination are being maintained at safe levels. Any hazard or incipient
hazard should be brought to the attention o f the operating group and safety
precautions should be worked out by mutual agreement. It is also important that
all personnel exposures be tabulated currently so that every person working at
the reactor or critical assembly knows his accumulated exposure for the current
time period (usually monthly or quarterly). Since film badges are generally
developed rather infrequently, this measurement can best be performed with
instruments such as pocket electrometers which can be read daily. If this system
is maintained and enforced by the reactor manager, it is generally possible to
avoid overexposure o f personnel.
The health physicist should keep a number o f radiation monitoring instruments
in good calibration so that they may be used at any time by any member o f the staff
who may need them. The installed radiation monitoring instruments, such as
gamma-radiation monitors and continuous air monitors, should be checked from
time to time to determine that they are operating properly, and the material
deposited on continuous air monitor filters should be analysed occasionally.

•

20 For more details on radiological protection refer to Section 13 o f the Code o f Practice,
and IAEA Safety Series N o.9 (R ef. [1]).
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Other services normally supplied are film monitoring and body fluid analyses,
although these services may be furnished from another laboratory. A system o f
radiation safety procedures should be worked out with the reactor manager to
enforce safe conditions for working with radiation and contaminated materials.
Failure to do this may result in contamination being spread all over the reactor
building, and personnel exposures may become frequent. A system o f radiation
work permits should be developed, in co-operation with the reactor manager,
in which all work in areas likely to be affected by radiation or contamination is
subject to the precautions indicated on the permit. The precautions may include
such variations as limited entry to the work area, restricting the time spent in a
radiation field, requiring protective clothing, monitoring all personnel leaving a
zone, preventing the spread o f radioactive dust by frequent monitoring and
cleaning, and covering the floor with paper which is removed frequently.
At a small facility there might be only one radiological staff person so that
during much o f the operation a great deal o f radiological safety monitoring might
have to be performed by the operating personnel. It is important that the
operating group and the health physicist co-operate fully, otherwise serious lapses
in radiation safety are likely to occur. The basic interest o f both health physicist
and the operating group is the same — complete radiation safety for personnel.
5.6.1. Access to critical assembly area
Protection for personnel from radiation must be considered a most
important matter. Normally, protection is expected to be provided by shielding;
however, there is always a possibility that personnel may be inside the shielded
area or in some other area where an accident resulting in high radiation may occur.
Radiation warning signals and interlocks are sometimes used to prevent the
assembly being started up while personnel are in an unshielded area. Administrative
procedures also should be used to ensure that all personnel are in their proper
locations before start-up. In some facilities complete dependence is placed on
administrative control in clearing personnel from the assembly area on the
assumption that personnel are more safety-conscious if made responsible for their
own safety, whereas an interlock may fail with the result that personnel are more
likely to be exposed because they depended on the interlock for protection.
5.6.2. Restriction o f areas
It is often forbidden to smoke, eat, or drink in the vicinity o f the reactor
or in an area in which radioactive contamination may be a hazard. This rule is
not applied universally, however; at some reactors smoking is permitted but
eating is restricted to certain areas. Many other variations o f these rules have
been established. This, o f course, is a matter to be decided by the health physicist
and reactor manager. It should be determined which areas are sufficiently clean
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for eating, smoking, drinking, etc., and which are not; the areas should be marked
and the rules should be enforced once they have been established.
5.7. Procedures
Operating procedures or instructions as discussed here are taken to be
detailed procedures prepared for controlling the operation at a facility as described
in Section 6 o f the Code o f Practice.21 The operating instructions must be pre
pared and submitted to the regulatory body prior to operation o f a facility and
changes which are found to be desirable or necessary after operation begins must
also be submitted to the regulatory body.
5.7.1. Research reactor operating procedures
Procedures for research reactors can usually be written in more detail than
those for critical experiments where each experiment may be quite different from
previous ones. With research reactors the core arrangement is generally fairly
stable and it is possible to prepare detailed procedures which will apply for a
considerable time. Furthermore, a great deal is usually known about the safety
parameters such as maximum reactivity addition rates and the effects o f fuel
additions. Procedures should be prepared for all the normal operations and
check-lists (which are signed as each operation is performed) should be used in
cases in which these will improve safety or reliability.
5.7.2. Scope o f procedures
Procedures should be written in conjunction with; and refer to, a good
facility description which includes every important system in the facility. They
should be written for each operation without regard to who performs it and
should include:
(a) Start-up procedures together with a check-list.
(b) Shut-down procedures also usually with a check-list.
(c) Procedures
for loading fuel.
(d)
(e)
(f)
(g)
(h)

Procedures
for storing fuel.
Procedures
for fuel handling.
Procedures for testing safety systems prior to start-up.
Maintenance procedures.
Emergency procedures for such emergencies as fire, loss o f containment,
loss o f electric power, rupture o f cooling systems, contamination o f building
or o f areas outside the building, high radiation, malfunction o f safety system,
and other emergencies which are considered credible.
21 The corresponding section in the 1983 Code o f Practice is 8.
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(i)

Operating procedures for the auxiliary systems.

(j)

Other procedures pertaining to specific facilities or systems.

The members o f the staff who should receive copies o f the procedures and
o f procedure changes should be specified. One copy is generally kept in the
control room and all copies should occasionally be checked against a master copy
to be sure that they are complete.
5. 7.3. Changes in procedures
It is almost inevitaole that from time to time it will be desirable to institute
new procedures or to make changes in the original procedures. This may be due
to equipment being changed or better ways being found for performing certain
operations. A scheme should be devised at the very outset so that these changes
can be incorporated in the original procedures as promptly as they are developed
and in such a manner that the procedures are kept current and all personnel are
promptly notified o f the change. A change memorandum may be issued tempo
rarily, but all changes should be incorporated into the formal procedures without
undue delay. All new and revised procedures should be given a formal review and
signatures should indicate the approval o f the reviewers.
5.7.4. Changes in equipment and instrumentation
It is sometimes necessary to make changes in the equipment and instru
mentation that depart from the original design. In such cases it is advisable to
use a standard procedure for recording the reasons for the change, the nature o f
the change, the safety review o f the change, and the engineering drawings which
have been changed. Unless this is done, changes may accumulate until, after a
time, the equipment or instrumentation has a number o f differences from that
o f the original design and is no longer adequately described by the drawings or
the safety analysis report and/or design report. Cases have occurred where these
changes accumulated until the design drawings were very different from the
instrumentation and equipment actually installed. Such a condition may prejudice
safety and lead to trouble in designing further changes and in performing
maintenance. Such a situation is often considered an indication o f poor safety
conditions.
Before a change is made, the drawings should be updated and a change
memorandum written which lists the drawings affected and gives a short
description o f the change and the reasons for making it. A safety review should
also be made to determine that the change does not worsen any o f the safety
problems reviewed in the safety analysis report or create new problems.
Improvements often appear to be wholly good and faults are not always
apparent during design. It is good practice, when the safety system is involved,
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to make improvements in only one channel at a time, allowing some time for
observation o f the results o f the change before similar changes are made in other
channels.
A specific check should be made to determine that none o f the limits and
conditions or other restrictive provisions o f Section 4.1 o f the Code o f Practice22
have been violated. The manager is usually expected to decide if he should refer
the change to the safety committee or regulatory body.
5.7.5. Approval o f procedures
Procedures are nearly always approved by at least two or three members
o f the operating staff including the manager; in some establishments it is customary
to have them also approved by a safety committee.
5. 7.6. Simplification o f procedures
Care should be taken that the procedures applying to the safety system do
not become so burdensome as to restrict the efficient operation and usefulness
o f the critical assembly or reactor. After experience has been gained in the
operation o f a new facility, procedures and systems should be reviewed and any
unnecessary procedures eliminated or reduced in scope; any unnecessary inter
locks or trip devices should be removed after whatever safety approval required
has been obtained. The procedures and rules should be made as simple as possible;
those for approval o f experiments should be straightforward and the number o f
required documents should be kept to a minimum.
5. 7. 7. Familiarity o f staff with procedures
It is important that the operating staff become thoroughly familiar with
all regular and emergency operating procedures. The process o f qualifying the
operating staff should include examinations on the procedures, especially those
procedures written for emergency conditions.
5.8. Maintenance
5.8.1. Maintenance program
Good maintenance is one o f the keys to safe operation and to reliability
o f equipment whether in reactors, critical assemblies or reactor experiments.
It can be best achieved by a program which ensures that each piece o f equipment
is serviced and inspected regularly and repaired before it breaks down. The
22 The corresponding reference in the 1983 Code o f Practice is 12.1.
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alternative is to operate until equipment fails before making repairs; this does
not provide the degree o f reliability required at most nuclear installations. To
develop a good maintenance program, certain general preparations are necessary.
First, good maintenance procedures must be drawn up. This can be done most
efficiently during the checking and starting o f different systems prior to the
start-up o f the assembly or reactor. The procedures should specify the preventive
maintenance checks and inspections, their frequency and, where applicable, the
acceptable limits o f the values checked. Check-lists incorporating these points
are useful to prevent errors and to furnish a record o f the condition o f the equip
ment and any corrective actions required. The procedures should be supplemented
with manufacturers’ manuals and other information which enables the maintenance
personnel to become completely familiar with the equipment. All this material
should be arranged in convenient form for ready access and use.
Once the preventive maintenance procedures have been developed, a system
should be set up to ensure that they are performed on schedule. There are many
satisfactory methods ranging from programmed maintenance, with the scheduled
operations printed out by a computer, to a simple card file used to indicate the
time o f each operation. Either o f these two systems can be perfectly satisfactory
and only in very large installations is computer-programmed scheduling usually
necessary.
A third important factor in good maintenance is a stock o f spare parts.
These may most easily be listed at the time the maintenance procedures are being
formulated; however, as experience is gained, it is generally found that various
components are more subject to failure or wear than had first been anticipated
and such items should be added to the spare parts stock.
A fourth important factor in maintenance is good records. These should be
kept in sufficient detail on each major piece o f equipment so that records o f the
previous failures and a description o f the corrective actions taken are available
both to help give guidance in the event o f new failures and to provide a means
o f identifying high failure rates which may indicate the need for improvement
either in design or maintenance or both.
Short summaries o f all maintenance operations should be included in the
log-book kept in the control room so that information on completed maintenance
or on maintenance in progress is accessible to all personnel.
5.8.2. Maintenance improvement
Maintenance o f reactor and critical assembly systems can be made easier
by designing equipment in units or modules so that these can be easily replaced,
for example, modular instruments, motors, pumps, etc., which may be replaced
by spare units. Also, a review o f the maintenance history during replacement or
modification o f equipment can sometimes suggest changes which will improve
or simplify future maintenance, testing, and other operations.
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5.8.3. Maintenance permits
There is always a hazard that maintenance may be under way without the
knowledge o f an operator who proceeds with operations which cannot be
performed or which are unsafe because o f equipment rendered inoperative by
the maintenance operation. Furthermore, very serious accidents have occurred
due to mistakes made by maintenance personnel working without the knowledge
o f the operations staff. To prevent incidents o f this sort, it is generally customary
to require some formality in approval o f maintenance. Some form o f work permit,
signed by the manager or a member o f the operations staff as' well as the health
physicist, is generally used to authorize maintenance. The work permits for
uncompleted jobs are kept in the control room so that all work in progress is known
by the operating staff. After the maintenance is completed and tests performed
to ensure that the system is in good order, the maintenance permit should be
signed by the person in charge o f the maintenance and by a member o f the
operations staff.
It is also important that operations personnel supervise maintenance operations
closely when they concern safety or control systems or any other system which
might affect safety or endanger personnel. Temporary locks on switches, valves,
pumps, control-rod drives, etc. and other precautions are often used to ensure
that no mistake or accident can cause an inadvertent reactivity addition. Those
work permits which affect reactor operation must be completed before the
reactor starts up in order to avoid the possibility o f important systems being
disabled. Work permits not affecting the reactor operation should be clearly
separated from those that do.

5.8.4. Construction and fabrication — quality control
It is usually necessary to set up some sort o f quality control procedure to
ensure that construction and fabrication meet the design requirements. While
this need not require a large effort, considerable advance planning and intelligent
application o f inspection procedures are necessary. The different systems should
be accorded a level o f quality control corresponding to their importance; in other
words, the reactor core and the safety system require the highest level o f quality
control while many other systems and components could be o f a lower quality.
A high degree o f quality control should also be applied to items not easily
accessible for replacement or repairs. During the design and preparation o f
specifications, the points to be inspected and requirements for certification o f
material should be set forth in considerable detail. The inspections should be
performed at the proper time so that mistakes or defects may be detected as
early as possible to permit corrections to be made economically and to give
increased assurance that the completed product will be acceptable.
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5.9. Safety committee
5.9.1. Safety com m ittee system
Safety committees in nuclear centres generally operate as advisory groups
and report their findings to the director o f the establishment. Their chief purpose
is to ensure that no safety matter is overlooked and that an independent exami
nation is given to the safety problems o f new designs, changes in design, procedures,
operations, etc., which otherwise might be reviewed only by the group immediately
involved with the design or operation. Many safety committees require that the
operating group submit their separate findings and recommendations on any subject
which is sent to the committee for review. The committee then makes its own
recommendation. The responsibility o f the safety committee is discharged when
it reports its findings to the director, who must determine whether the recommen
dations are to be followed. Sometimes this requires further correspondence with
the operating group to determine whether any disagreement exists, and finally a
decision must be made by the director.
5.9.2. Safety questions reviewed
The subjects to which a safety committee would ordinarily address itself
are generally determined by the director o f a nuclear installation. During the
course o f design and construction, the safety committee may be called upon to
review designs and to give opinions on problems which arise. At an operating
reactor or critical experiment facility, the safety committee is generally called
upon to review experiments and changes in the equipment or operation. During
the design, construction, pre-operational testing, and start-up o f a facility, some
establishments also have regular meetings o f the safety committee during which
the committee is informed o f the current state o f affairs so that it can offer any
suggestions it may have. The final safety report is always reviewed by the safety
committee after which it may be reviewed by other groups, such as government
regulatory groups. Significant changes in systems, especially safety systems, are
also usually referred to the committee and, after this, to any other groups which
may be prescribed. In all these matters it is obviously incumbent upon the
reactor manager to refer to the committee those changes which are sufficiently
important to justify committee review. Some changes in the facility or in experi
ments are obviously too insignificant to justify committee review; on the other
hand, it would be considered a breach o f safety to omit committee review o f any
new or unreviewed safety question or any change which increases an existing
hazard. Safety committees may also inspect the records o f all changes made
without their approval and o f all innocuous or repetitive experiments performed
without reference to the committee and approved by the operating group. The
question is often raised whether a series o f minor modifications not normally
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referred to the committee has not, when all the items are taken together, resulted
in a more important change than was suspected when any single modification
was approved. If any disagreement exists between the committee and the reactor
manager on the approvals made by the operating group, the differences should
be resolved.
The safety committee may also be required to advise the director on site
emergency procedures and preparations, although at large establishments a separate
site emergency organization may be formed. Such an organization should maintain
close liaison with the safety committee.
5.9.3.

General topics o f safety review

The general topics o f safety reviews are listed below.
Review prior to operation. A safety committee generally reviews critical
assemblies, research reactors, and experimental rigs to ascertain whether the
design and operating procedures appear to be safe. When some doubt exists as
to whether a subcritical assembly is actually subcritical under all situations (that
is, when it might be possible to assemble enough fuel and moderator to achieve
criticality), it should be reviewed in the same manner as a critical assembly or
reactor and rules for safe operation should be established. In some cases the staff
qualifications and the training program are also reviewed.
Annual review o f operations. A safety committee usually reviews the
operation o f critical assemblies, reactors or other nuclear facilities at least once a
year. Regularly published operation reports, incident reports, and other reports
and records form an excellent basis for such reviews.
Review o f criticality. In addition to reviewing the operation o f the various
facilities, safety committees are also usually given the responsibility for reviewing
the storage o f fissile material in the establishment to avoid hazards from an
accidental accumulation o f material due to the coincidence o f different activities
or due to the storage o f too much material in one location without properly
designed safeguards.
Investigation o f incidents. Safety incidents at a nuclear installation are
usually reported to the director immediately. The safety committee is generally
authorized by the director to investigate such incidents, to find out the cause and
the probable effects and to make recommendations for improvements in equipment
and/or procedures to prevent similar incidents.
Miscellaneous responsibilities. Some safety committees provide preliminary
reviews in which designers and operators are given the opinion o f the committee
thus enabling them to change their design or to eliminate features which the
committee feels are not acceptable. Others attempt to avoid preliminary reviews
o f experiments or reactors for the reason that, once advice is given, the committee
may be prejudiced and can no longer be unbiased at future final reviews. Some
establishments add to the advisory duties o f committees such regulatory functions
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as programming the use o f the reactor and prescribing or reviewing the training
and examination o f the reactor staff; however, there is no overall agreement on
this and at many centres such functions are performed almost entirely by the
reactor manager and his staff. In some establishments it is customary to appoint
an operations committee in addition to a safety committee for the purpose o f
ensuring efficient use o f the reactor in the experimental program. Members o f
both operations and experiment groups are usually represented. Other establish
ments, however, prefer to rely upon the reactor manager and his staff for the
efficient use o f the reactor and to refer to committees only where necessary in
the interest o f safety.
5.9.4.

Safety com m ittee procedures

Although the safety committee procedures vary to some degree in various
establishments, in general the committee considers proposals submitted to it
by operators o f critical assemblies or reactors or proposals for experiments in
reactors or assemblies. These proposals are generally submitted in sufficient
number for each member to have a copy. After review o f the proposal, which
may represent a final or an early stage o f design,- and possibly a meeting with
the proposer to clarify questions, the committee submits a report to the director,
copies o f which are given to the proposer and other interested persons. If the
proposer’s report is approved, he is generally authorized to proceed without
further reference to the director o f the establishment. In case o f differences
between the views o f the proposer and those o f the committee which cannot be
reconciled, the director generally makes the decision.
5.9.5.

Safety com m ittee organization

The basic rationale in safety committees involves the collection o f many
diverse disciplines and technologies. All o f these disciplines and technologies
may be brought to bear upon specific safety problems thus providing a broad
and independent scrutiny o f safety matters which might be impossible to obtain
in a design or operating group. It is highly desirable that each member o f the
committee be currently practising in his professional field, preferably in the nuclear
application o f his profession.
Members o f the safety committee are usually drawn from groups not directly
associated with the operation o f the facility or experiments being performed;
however, in some cases members are appointed from the operating group if a
shortage exists o f personnel with reactor experience.
The safety committee members as a group are generally expected to have
skills in reactor physics, health physics, instrumentation and control engineering,
and reactor chemistry. Other skills can be obtained by appointing temporary
members if needed.
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In small establishments where it is difficult to obtain a sufficient number o f
independent members with the necessary skills for a safety committee, it is some
times possible to recruit committee members from other nuclear establishments,
international organizations can sometimes furnish experts, and experienced
engineers and scientists not connected with the nuclear profession can sometimes
offer temporary assistance.
A single safety committee may perform all committee functions required for
a critical experiment facility or a reactor and its experiments, although some
establishments, especially the larger ones, may have several committees. For
example, a separate design review committee may be appointed and separate
committees for operations, experiment review, and criticality safety may be
constituted; however, for small establishments there should be no need for more
than a single committee.
Committee members are generally appointed by the director o f the
establishment. Since the committee and the operating group must work
together closely, it is important that members be chosen who will work in a
spirit o f mutual confidence and co-operation with the reactor manager.
The chairman o f the committee generally reports to the director o f the
establishment and, like most members o f the safety committee, should not be
otherwise associated directly with the design or operation o f critical assemblies
or reactors or with their experiments.
Safety committees often have a full- or part-time secretary whose duties
include organization o f the meetings, assistance to proposers in preparing safety
documents to be presented, and the preparation o f minutes and reports for the
committee, subject, o f course, to the chairman’s approval.
5.9.6.

Duration o f safety com m ittee approvals

In some establishments it is customary that the safety committee authoriza
tion to operate a facility or experimental equipment be o f limited duration, such
as one year, after which time a resubmission should be made to the committee.
In other centres the authorization to operate is continuing until revoked by the
director.
5.9. 7.

Responsibility o f the safety com m ittee versus line organization

The operation o f a safety committee and the issuance o f authorization to
operate should not diminish the responsibility o f the manager for the safety o f
the reactor or assembly. Recommendations o f the committee merely inform the
director that in the opinion o f the committee the reactor, assembly, or experiment
described in the safety report is safe or that certain changes are considered desirable
and provide the director with an independent, unbiased opinion. The line organiza
tion, which extends from the director to the manager o f the facility and through
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him to his staff, cannot be infringed upon without jeopardizing the whole
administrative basis upon which a great part o f safety depends.
5.10.

Records
The records specified in Section 1 o f the Code o f Practice23 must be provided

for and procedures should be set up so that these records will be prepared as a
routine part o f operation. A few other records are necessary for the efficient
conduct o f operation. The important factor in setting up records is to identify
and concentrate the necessary information in a sufficiently small volume to enable
the operation to be conducted safely and efficiently and so that personnel can be
kept aware o f the current condition in the reactor or assembly, including
maintenance and other operations, without having to read a large volume o f reports.
The manager should be responsible for ensuring that an accurate and
complete log-book o f all operations in the critical assembly or reactor is kept
current with operations. In addition to the log-book certain special data sheets,
change memoranda, and recorder charts should be kept for certain lengths o f
time. The records should indicate the reactor or assembly condition at all times,
all changes in the reactor or experiments, insertion and removal o f flux monitors
or samples, core pattern, all important maintenance operations, all malfunctions,
trips and trouble o f any kind. Care should be exercised in avoiding accumulation
o f excessive data since this might obscure those data which are important.
Recorder charts usually may, for example, be kept only a month or so before
being discarded.
5.10.1.

Records o f normal operation

During continuous operation o f the reactor, it is advisable to use a data form
to record the information to be retained. A form is convenient and efficient for
recording data and helps to ensure that the desired data are recorded.
5.10.2.

Reports o f operation

Operational reports prepared monthly, quarterly, or semiannually are
sometimes required by the management o f an establishment. Such reports are
useful, not only to apprise other groups, such as safety committees, o f the
condition o f the reactor and the history o f its operation, but also to ensure that
the operating staff review their operations and record their actions on important
safety problems.

23 The corresponding section in the 1983 Code o f Practice is 9.
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The difficulties encountered with equipment are sometimes shown more
clearly if summarized regularly, and a listing o f troubles including equipment
malfunctions and radiation and contamination incidents is useful in pointing out
deficiencies in equipment, procedures, and personnel training.
5.10.3.

Radiation safety records

Records o f radiation surveys and exposures o f personnel should be kept
since these often are referred to for health purposes. Any significant increases
in the radiation exposures may be detected if daily records o f radiation exposures
are kept and inspected regularly (when posted in the control room they are
readily available). Records o f radioactive waste effluents should also be retained
and included in the report o f operations to make certain that the management
compares the current and past effluent rates regularly.
5.11.
5.11.1.

Organization
Responsibility o f line organization

It is generally agreed that the assembly or reactor manager and his line
organization should be responsible for the safety o f a reactor or critical assembly
and nothing should be done to diminish this responsibility either directly or by
inference. The responsibility o f each individual should be clearly defined;
otherwise, the reaction o f the staff to situations requiring prompt decisions
cannot be depended upon and conflicting orders and confusion are likely to
ensue.
5.11.2.

Responsibility to safety com mittee

Although the reactor or assembly manager should be solely responsible for
his facility, any special responsibilities o f a safety committee or other staff groups
should be clearly defined so that the manager and his staff will have a clear under
standing o f their relationship and obligations. This responsibility is generally
limited to the manager being required to co-operate with the safety committee
in conducting reviews.
5.11.3.

S taff responsibilities

A table o f organization should be prepared which clearly shows the
responsibilities and relative authority o f each person. Operating, experiment, and
maintenance functions may be provided for either in one group or in several groups
and all should report to the manager; however, when a separate experiment group
exists, it may only report to the manager as far as safety is concerned (this type
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o f organization is often used in research reactors). Usually one or more health
physicists will be part o f the staff; lines o f responsibility o f health physicists vary
considerably in different installations. Some, for example, have the health
physicist in a separate organization.
At times when the manager is not at the facility, either during the day or at
night, most organizations specify that one staff member should be in charge,
perhaps with limited authority. Other organizations require that the manager
remain in charge even when not at the facility. The staff o f the facility should
never be left in doubt about who is actually in charge. Even if a person senior to
the reactor manager should be present, the manager or his designated assistant
should remain in authority, since persons o f higher authority normally might not
be trained or qualified to make decisions requiring intimate knowledge o f the
reactor or critical assembly and o f their safety features, etc.
5.11.4.

Number o f personnel

It is impossible to specify the number o f personnel or a detailed organization
which could apply in all cases; however, certain functions must be provided,
including operations, experiments, maintenance, and radiation protection.
A sufficient number o f personnel should be available to provide for these;
however, the number need not be large and in many facilities it might be quite
small.
5.11.5.

Staff during normal operation

In most establishments it is required that at least two persons be present at
all times in case one person might lose consciousness, sustain injury, or encounter
other difficulties.
5.11.6.

S taff fo r experiments

There are several ways in which the staff for the conduct o f experiments in
the reactor may be organized. At critical assemblies both operations and experi
ments are often performed by the operating staff; at research reactors, however,
more often separate staff are required for performing experiments. These persons
may be partly or completely responsible to the reactor manager. For example,
they may be responsible to the reactor manager in matters o f safety pertaining
to the reactor, but responsible to one or more scientific groups for technical
matters pertaining to the experiment. Another type o f organization is one that
permits experimenters from other parts o f the establishment or from other
establishments to perform experiments at the reactor. Under this organization,
such personnel are again usually responsible to the reactor manager in matters o f
safety but are rather independent in other technical matters. In either case it is
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usually necessary to make one or more members o f the operating staff responsible
for co-ordinating the safety review o f experiments with the safety committee and
supervising cold tests before experimental rigs are installed in the reactor. Which
ever type o f organization is chosen, a clear understanding should be reached
between the operating staff and the experimenters to make certain that each
person understands his responsibility.
The operator and the experimenter may look at the assembly or reactor from
different points o f view and disagreements may occur. When a disagreement exists
between personnel involved in an experiment and the operator, the operator should
be responsible for safety with full authority to shut down the assembly or the
reactor.
5.11.7.

Radiation safety organization

Many organizations have a health physicist or a health physics group which
operates somewhat independently o f the reactor or facility manager in that the
health physicist may have authority to shut down the reactor if he deems this
necessary in the interest o f safety. This arrangement is based upon the premise
that operating groups may continue to operate in situations which might be unsafe;
however, many organizations have operated for years without serious disagreement
between operators and health physicists. In fact, both groups have a common
interest in safety and in mutual co-operation. In case the health physics group is
independent, it normally reports to some authority higher in the establishment
than the reactor manager; other organizations have operated very successfully
with the health physicists reporting directly to the reactor manager.
5.12.

Staff qualifications and training

The training and good judgement o f the personnel engaged in critical
assembly or research reactor operation are probably the most important factors
in safety, even more important than design or any o f the formalized procedures
which are often emphasized. Although these are important, they cannot guarantee
safe operation in the hands o f an inexperienced or otherwise unqualified staff.
Two o f the earliest responsibilities o f the manager are to provide for the
proper training o f his staff and to ensure that the training has been assimilated.
In addition to acquired training o f an academic nature designed to familiarize
personnel with nuclear safety principles, they should become completely familiar
with the facility itself, with its safety systems, and with the operating procedures.
5.12.1.

Qualifications o f senior staff

The criteria used for licensing and qualifying a reactor operating staff
generally specify minimum requirements; however, it is essential that the senior
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staff, especially the manager, be more highly trained than required by many
o f these criteria. The manager generally has the major responsibility for deter
mining how much responsibility can be safety delegated to the subordinate staff
and to evaluate the degree o f training o f the staff; the senior staff should be
both experienced and well trained. The senior staff, in addition to an adequate
educational background, should have one to two years o f experience at an
operating facility as similar as possible to the one which they will operate.
5 .12.2.

Training in operational discipline

One o f the objectives o f a training program should be the inculcation o f
discipline in following safety regulations and instructions. The staff must be
convinced o f the wisdom o f a procedural approach to safety as opposed to making
quick decisions which may afterwards turn out to be ill-advised. A methodical use
o f procedures which have been carefully reviewed and designed to ensure safe
operation is always preferred to the use o f hurriedly improvised procedures.
Unless the staff is convinced that it is preferable to follow procedures rather
than to disregard them, the procedures are apt to be ignored, and under such
conditions it is very difficult to guarantee safe operation. Emergency conditions
especially can nearly always be handled best by procedures which have been
carefully planned in advance and practised frequently. In emergency situations,
there is likely to be a great deal o f confusion which makes it difficult to plan the
best course o f action in an impromptu manner; because o f this and because
accidents occur so rarely, emergency training o f the operating staff is very
important.
5.12.3.

Educational requirements

Although it is impossible to define exactly the educational requirements for
each member o f the staff, it is generally customary that the manager and other
senior staff have a university or equivalent level o f education in engineering or
science and that certain staff members have special training in radiation safety,
reactor physics, instrumentation, nuclear physics, heat transfer and fluid
flow. Subordinate staff members may have received the equivalent o f a highschool education; however, these should receive training by the senior staff
members in the above-mentioned subjects at an elementary level.
5.12.4.

Practical training

The senior staff members should have spent one to two years at another
facility similar to the one which they plan to operate. The senior staff in
maintenance, especially the electronics engineer, should have received a training
course in reactor instrumentation. Subordinate members o f the staff generally
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require about six months’ to a year’s training provided a good training course
has been organized and training material is available. Organizing this will require
the efforts o f two or three senior staff members for a number o f months.
5.12.5.

Training material

At the time the original staff training is done, it is advisable to spend some
additional effort in organizing the material used in training so that it can be used
later in training replacement staff members. Design reports, the safety analysis
report, descriptive reports o f the facility and the associated systems, and any
other material giving information about the design and operation are very valuable.
This material should be assembled in an organized study manual for the trainees.
This study manual may be supplemented, if necessary, with lectures by members
o f the senior staff.
5.12.6.

Programmed instructions

Some operating groups have written programmed instruction material for
most o f the courses required by subordinate staff members. This material has
considerable advantage in that it helps the student to study independently and at
his own pace. The technique o f programmed instruction is based upon giving the
student a single idea or concept at a time and testing to ensure that each idea is
understood. Although considerable effort is required to prepare such material,
it is very useful for training staff replacements since it enables the instruction to
be done largely with a self-study program instead o f a lecture course. This is an
advantage since a lecture course requires a great deal o f the time o f the senior
staff members.
5.12.1.

Operational training

Practical or on-the-job training is probably the most important part o f the
training for the subordinate staff. Since practical training usually consists o f
performing many different operations under the guidance o f an experienced
operator or supervisor, a training check-list is helpful. This should outline in
detail all the different operations to be studied so that, as the training on each
system or procedure is completed, it can be noted. The procedures and system
descriptions should also be studied by the trainee in conjunction with his on-thejob training. After the trainee has studied each section or system, he should be
allowed to demonstrate his knowledge either by performing the operation or by
explaining the system to a supervisor. Radiation safety can be taught effectively
by having the trainee work with the health physicist for several weeks in addition
to a self-study or lecture course. The trainee is generally allowed to operate the
control console with guidance from a qualified operator until he can perform all
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o f the operations in the control room proficiently. Similar remarks apply to all
o f the other operations, particularly start-up and shut-down procedures, fuel
handling, emergency procedures, etc.
5.12.8. Examinations
To ensure that the staff is adequately trained, it is customary in many
operating groups to give an examination in both theory and practice and for
regulatory groups in some countries to give operating licences on the basis o f
such examinations. A more comprehensive examination is given to the senior
staff members than to junior staff members. Heavy emphasis is placed in both
cases on familiarity with procedures and with the equipment. An examination
has a very important purpose in ensuring that replacements are adequately trained
since, without an examination, it is difficult to make certain that personnel who
are trained as replacements meet the same qualifications as the original staff. It is
difficult to give as much attention to the training o f a single replacement operator
or supervisor as to the training o f an entire crew since lectures have to be given
and much effort by the senior staff must be devoted to this unless programmed
instruction material is used to allow most o f the training to be done by self-study.
5.12.9.

Retraining

A routine retraining program is conducted at many establishments to ensure
that personnel do not forget the material which they originally studied since
operators, for example, may not have occasion to use much o f this material and
may tend to lose proficiency unless they are retrained. In particular, retraining
in emergency procedures should be given regularly.
In setting up the original training course for the junior staff, the reactor
manager may wish to consider the desirability o f a continuing retraining program.
The training material, if organized properly, may be used in a routine retraining
program in which the staff studies, at a rate o f about one section a month, all
o f the material concerning the facility, procedures, etc. and completes the whole
retraining course approximately every two years. This improves the proficiency
o f the staff and is especially important in matters o f radiation safety and emergency
procedures which should be reviewed regularly. New material may profitably be
added, from time to time, including recent reactor accident studies, new informa
tion about or changes in the facility and its characteristics, equipment, etc.
5.12.10.

Health qualifications

Health requirements are generally established for operating personnel,
especially personnel who are likely to be in charge o f the console or to perform
or supervise operations with safety implications. The main concern is that a
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person who is operating an assembly, reactor or some important system should
not lose consciousness or suffer impairment o f eyesight, hearing, mental acuity
or other functions while he is performing important operations. Emotional
stability and character are important in any staff member who is likely to have
such duties. If likely to be exposed to radiation, the staff member’s previous
radiation exposure should also be considered.
5.12.11. Responsibility fo r qualifying staff
The responsibility for determining the qualification for each level o f staff
and for giving the examinations may be handled in a number o f different ways.
In some establishments the safety committee is given the task o f drawing
up standards regarding training and qualifications for reactor and critical assembly
staffs. However, in many establishments such responsibility is given entirely to
the manager, and the committee retains its usual advisory role in informing the
director o f any shortcomings in these matters which it may find. In some
countries the general requirements for qualifying examinations are set forth by
a regulatory body and, in some cases, this body administers the examinations.
5.13.

Emergencies

In developing plans for emergencies, it is necessary to assume a number o f .
different conditions o f varying severity. The worst o f these may never occur, but
it is customary to at least consider the steps which might have to be taken. Most
emergencies are small contamination or radiation incidents confined to the building
in which they occur; however, for planning purposes, it is customary to consider
accidents o f greater severity.
5.13.1.

Co-ordination with government authorities

Local authorities may be expected to become involved with an emergency
situation if personnel are seriously injured, if radioactive material is released in an
uncontrolled manner so as to contaminate areas outside the site, or if the regular,
controlled releases o f radioactive material approach or exceed the maximum
permissible concentration (MPC) which has been adopted for the site. In order
that local authorities may be prepared and able to assist in such emergencies, it
is recommended (Section 12.1 o f the Code o f Practice24) that plans be developed
for the various situations and that these be reviewed with the representative o f
the government who would have to become involved in the event o f an accident
occurring. In developing such plans, the question arises as to whether to consider
the maximum credible accident, which is sometimes considered in safety reports,
24 The corresponding section in the 1983 Code o f Practice is 14.2.
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or to consider more probable accidents such as have actually occurred. This is a
very important question since it is desirable to avoid causing undue alarm. The
most probable incident is the inadvertent release o f small quantities o f radioactive
noble gas possibly contaminated with radioactive iodine, although iodine would
normally be removed by containment systems. I f the release does not exceed the
MPC at the site boundaries, it would not ordinarily be necessary to declare a
public emergency or to inform local authorities. However, the procedure to be
followed should be developed by deliberations with the authorities since it might
be desirable for them to receive notice o f any site emergencies.
5.13.2.

Monitoring and assessment

The keys to a quick recognition o f the existence o f an emergency and o f its
magnitude lie in the monitoring system and the emergency procedures. In many
cases it is known that an incident has occurred, but its magnitude cannot be
assessed for some time because information is not available. Monitoring instruments
should be installed in ducts, stacks, or pipes through which the air or water is
released from the reactor or critical assembly building and these should be calibrated
to give alarm whenever concentrations approach the MPC. More accurate inte
grating samplers for particulate and iodine radioactivity in air are usually provided
which can be removed and analysed to determine the total amount released. Since
considerable dilution might be expected at the site boundary, this concentration
would normally be estimated using previously prepared tables and the meteorological
conditions at the time o f the accident. (Note that meteorological monitoring
instruments are needed.) If iodine or particulate activity is released, immediate
monitoring down wind from the point o f release should be begun to determine
whether sufficient ground contamination exists to require further action.
5.13.3.

Responsibility fo r declaring an emergency

It is obvious that a plan should be developed whereby someone is available
at all times who has the qualification, responsibility, and authority to evaluate any
incident promptly and to take the necessary action. Prompt evaluation and action
is often important in reducing the effects o f an incident. In most cases temporary
direction would be assumed by the senior person at the site; however, a specially
trained emergency director would usually be appointed to assume control if the
emergency were very serious.
5.13.4.

Local incidents

Incidents confined within the building, although they may be serious from
the viewpoint o f the inhabitants and from interference with operations, require
mostly the application o f well-understood rules. The actions normally required
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include evacuating personnel from affected areas, evaluating and monitoring to
locate zones o f high radiation and/or contamination, carrying out careful recovery
procedures including necessary salvage or repair operations, and decontaminating
the less affected areas first, while keeping strict contamination and radiation
control to prevent overexposure o f personnel or recontamination o f areas already
cleaned. By this type o f procedure, the affected zones can be restored to operable
condition without overexposing personnel or allowing the original incident to be
magnified.
5.13.5.

Site incidents

If the incident causes damage, high radiation, or contamination outside the
reactor building but not outside the site boundary, it is generally classified as a
site incident. This might require evacuation o f parts o f the site, and it naturally
calls for additional help by site personnel, including engineering services to assist
in decontamination operations, setting up road blocks, providing transportation, etc.
5.13.6.

Public emergency

If the effects o f the incident spread beyond the boundaries o f the site, the
local authorities would become involved, and the potential consequences are
likely to be more serious. As noted above, plans should be developed in advance
for the actions required to protect the local population from overexposure by
direct radiation or by ingestion through food or water. The population may have
to be evacuated from contaminated areas and decontamination o f any o f the
population who have become contaminated may be required. It is to be expected
that administering these operations should become complicated since authority
would no longer reside in the site management but in a representative o f the
government.
5.13.7.

Contamination incidents

Contamination incidents when contaminated materials escape from a reactor
system into the building or outside the building are the most likely type o f serious
accident to occur at a reactor, and experience has shown that they can be handled
in ways which limit their effect; on the other hand, poorly chosen remedial
measures can make them considerably worse. The person in charge should first
determine whether to begin decontamination immediately or to wait until the
work can be better organized. Often it is preferable to perform some emergency
action while organizing the main body o f the work, but care must be taken that
any emergency action does not make matters worse.
The contaminated area should be identified and roped o f f with appropriate
signs to prevent personnel traffic spreading the material further. Access to the
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area should be controlled to ensure that personnel do not receive excess radiation
exposure or perform any act to worsen the problem. Spread o f contamination
should be controlled by requiring removal o f protective clothing and by carefully
monitoring people as they leave the area. Monitoring should be continued in the
areas outside the contaminated zone to determine whether the cleaning methods
or some other mechanism may be spreading the contamination — a condition
which occurs fairly frequently.
Careful consideration should be given to the methods o f decontamination to
ensure the greatest efficiency and to prevent spreading o f the contamination.
The condition o f the ventilation system inside buildings should be considered
since, with certain types o f contamination, it is an agency for spreading the
contamination very widely. As mentioned before, there are several types o f
containment systems; if these were equipped with filters as recommended, the
contaminated material would be filtered out o f the air. Nevertheless, ventilation
may set up air currents which spread the contamination and it may be preferable
to shut o f f circulating systems. If the contaminated surfaces can be kept wet,
this will often prevent material becoming airborne; however, this may be difficult
to achieve inside a building. Outdoors, wetting is o f great assistance. If the
material is particulate, it may be easily drawn into a vacuum system equipped
with filters. Ordinary vacuum cleaners sometimes work very well for this;
however, care must be taken that the exhaust does not set up strong air currents
which spread the contamination. An off-gas system (equipped with filters) may
be used as the source o f vacuum or it may be attached to the exhaust o f vacuum
cleaners.
If the contamination cannot be removed by vacuum cleaning (fo r example,
if it contains radioiodine), it still may be advisable to use vacuum cleaning first
and to follow this with a second type o f cleaning. Washing surfaces with wet
cloths, using soaps and detergents if necessary, is often an effective method.
Contaminated liquids may be sucked or pumped into tanks and transported to
the waste storage tank. If liquids are present in small amounts, they may be
absorbed on blotting paper or other absorbent material.
Sometimes strippable paints can be used to remove contamination from dry
surfaces, and oiled sawdust often is very effective in picking up small particles.
Other more destructive methods can be used successfully on surfaces such as floors,
walls, etc., but they become impracticable on such items as instrument racks which
have many wires, components, etc. With such items it is usually best to vacuumclean as well as possible, wipe those surfaces which are accessible if necessary, and
cover with plastic or paper to prevent recontamination. Since the significant
radioiodine isotopes have half-lives not longer than about 8 days, they will soon
decay; in most cases these are the longest-lived radioisotopes released in reactor
incidents.
If more destructive methods are necessary, floor surfaces can be ground or
chipped (wet methods should be used), but this should be necessary only if
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contamination was absorbed into porous surfaces. Paints may be removed if
removal methods can be used safely, and certain decontaminating solutions which
complex certain fission products can be applied if they will not be absorbed into
the surfaces.
When surfaces have been cleaned as thoroughly as seems practical, there may
be a residual contamination which cannot be removed by any reasonable means
which would not destroy the component or structure. Under these conditions, it
is sometimes possible to simply paint the surface to fix the remaining contamina
tion, which o f course must be below any radiation-hazard level, to prevent the
possible smearing or wiping o f contamination by personnel.
If contaminated material should escape from a building and contaminate the
ground, serious consideration should be given to allowing the contamination to
decay. In most accidents it has been possible to do this, although occasionally
there may be a need to remove the surface o f small areas o f soil if long-lived
radioisotopes are present. Removal might be necessary, for example, if heavily
contaminated liquids seeped into the ground. In any case the contaminated area
should be roped o f f promptly and appropriate signs should be posted to prevent
traffic through the area. If there is a hazard o f the contamination being spread
by animals, some preventive measure should be considered.
5.13.8.

Preparation and plans fo r emergencies

A number o f plans and preparations can be made to limit the consequences
and to improve the effectiveness o f the organization in coping with emergencies.
First, the organizational structure should be clarified. Some person at the site
should always understand that he has the immediate responsibility in an emergency.
This might be a shift supervisor at the reactor or the critical assembly, and his
responsibility might be to take only the immediately necessary action o f evacuating
personnel and assessing the magnitude o f the incident while calling a person who
would assume the chief responsibility. The immediate problem, after personnel
are safe, is to take whatever action is needed to prevent the accident from
becoming worse and to monitor intensively to determine its extent.
In preparing for emergencies, valves and switches which might have to be
operated should be located and clearly marked, and monitoring instruments should
be stored in some area not likely to be affected by a contamination incident since,
if contaminated, they would be useless. The materials likely to be useful should
be stored, such as vacuum cleaners (equipped with filters), blotting paper, detergents,
cloths, protective clothing, respirators, sawdust, plastic bags, plastic sheet, tape for
fastening plastic covers, and warning signs and labels.
The evacuation o f personnel from buildings likely to be contaminated should
be practised regularly, and occasionally the evacuation o f the site should be done
without any more prior announcement than necessary. Many essential services,
such as steam, water, compressed air, electricity, etc., which if lost might cause
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damage to equipment, should be kept in operation unless their shut-down is
absolutely required. Communications in real emergencies are often faulty; practice
evacuations enable deficiencies to be identified and remedied.
Monitoring and evaluation procedures deserve good advance planning. In an
accident where radioactive material escaped from a building, it would be difficult
to determine how much had escaped or where it might have gone. If all the
materia] had left via a stack which was monitored, the problem would be some■ what simplified since presumably a monitoring system would be available to
measure the release. In either case, however, there remains the problem o f
whether radioactive contamination may have gotten outside the boundaries o f the
site. Immediate monitoring procedures, including collection o f samples o f
vegetation may be the only means available for this determination. In case the
material escaped in such a manner as to be carried by the wind, as from a stack,
meteorological information should be available to estimate the direction and
probable diffusion.
After the incident has been evaluated at least in a preliminary fashion, the
criteria for notifying different levels o f authority should be determined. This
might involve a notification o f local authorities if the incident effects extended
beyond site boundaries (but did not appear to be very serious) or, if the incident
had caused a very serious spread o f contamination, full emergency plans previously
developed might have to be instituted. These would include warning to the popula
tion o f the affected areas to do whatever was required, such as allowing or
preventing use o f local foodstuffs, purifying water, limiting traffic, or even
evacuation if this were necessary.
Medical treatment may be necessary with every degree o f incident, ranging
from the case o f casualties with slight radioactive contamination to the very
heavily contaminated casualty where the contamination may be spread about
hospitals and where the radiation exposure o f physicians and nurses may be serious.
Although the latter type o f casualty is very unusual, it has occurred and should be
considered.
If serious personnel injury should occur in conjunction with contamination,
a general plan should be available as to the technique to be used. In the few cases
in which such an event has occurred, problems have arisen when highly contaminated
personnel were treated directly by standard medical techniques. The treatment
room and equipment, as well as the physicians, have become contaminated. Some
sites have developed techniques whereby the injured person could be treated in a
special room by a semi-glove-box technique where some decontamination could
be done prior to surgery. In any case it would be worth while to consider this
problem along with the local physicians who might be called upon for help in an
emergency.
A special system o f record-keeping should be developed for emergency
conditions, since the local health physicists would probably be too busy and
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because the mass o f monitoring data developed would soon overtax the system
normally used.
An emergency control centre should be planned to co-ordinate activities and
to keep an up-to-date assessment o f the situation. This should be adequately
staffed so that recovery operations can be directed at all times. The emergency
directors (several should be prepared .to assume control) should help prepare the
various plans as part o f their preparation and training. They would normally be
senior personnel experienced in decontamination operations; they should naturally
participate in practice exercises and help to prepare critiques o f such exercises.
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