
Nuclear Society of Slovenia
3rd Regional Meeting: Nuclear Energy in Central Europe SI0000054
Portoroz, SLOVENIA, 16 - 19 September 1996

Development of an International Standard on
Instrument Setpoints Based on ISA S67.04 - 1994

Edward (Ted) L. Quinn
MDM Engineering

28202 Cabot Road, Suite 205
Laguna Niguel, Ca. 92677

(714) 365-1350
(714) 365-1360 fax

email: tlquinn@ans.org

ABSTRACT

This is a summary of the application for and development of an international standard on
instrument setpoints, based on the Instrument Society of America (ISA) Standard S67.04 -
1994. The forum this new standard was proposed in is the International Electrotechnique
Commission (IEC), based in Geneva, Switzerland, which is the international commission
which oversees electrical and instrumentation standards for all applications around the world.
The Instrument Society of America (ISA) is a United States based Society for the
advancement of instrumentation and controls related science and technology and has 30,000
members. A division within the ISA is the Standards and Practices board which has over
5000 members actively involved in standards development and approval.

In 1994, the ISA SP67, Nuclear Power Plant Standards Committee authorized that the IEC
be approached to develop and issue an IEC standard on Instrument Setpoints. This application
was formally submitted in January, 1995 to the IEC and approved for ballot to member
countries in June, 1995. Approval for standard development by IEC was received in October,
1995 and the first draft was issued in February, 1996, and is currently under review by the
IEC working group.

It is very important to focus on the approach that the U.S. and other countries are taking
toward development of IEC standards that can apply to all nuclear instrumentation
applications around the world. By referencing IEC standards in design specification, vendors
can be solicited from many different countries, thereby ensuring that the highest quality
products can be used. This also offsets the need to specify individual standards in the
specification, based on the country that each vendor solicited, represents.

In summary, this standard development process, with support from the American National
Standards Institute (ANSI) will assist U.S. suppliers in competing in the global market for
products and services into the next century.



I. INTRODUCTION

This is a summary of the application for and development of an international standard on
instrument setpoints, based on the Instrument Society of America (ISA) Standard S67.04 -
1994. The forum this new standard was proposed in is the International Electro technique
Commission (IEC), based in Geneva, Switzerland, which is the international commission
which oversees electrical and instrumentation standards for all applications around the world
The Instrument Society of America (ISA) is a United States based Society for the
advancement of instrumentation and controls related science and technology and has 30,000
members. A division within the ISA is the Standards and Practices board which has over
5000 members actively involved in standards development and approval.

In 1994, the ISA SP67, Nuclear Power Plant Standards Committee authorized that the IEC
be approached to develop and issue an IEC standard on Instrument Setpoints. This application
was formally submitted in January, 1995 to the IEC and approved for ballot to member
countries in June, 1995. Approval for standard development was granted in October, 1995
and the first draft was issued for review prior to the May, 1996 IEC Meeting in Sweden.
Member countries are now developing comments to the first draft.

II. INSTRUMENT SOCIETY OF AMERICA STANDARD S67.04

ISA S67.04, Setpoints for Nuclear Safety-Related Instrumentation, was first issued in 1982
to develop a basis for establishing nuclear safety-related instrumentation setpoints for actions
determined by the design basis. This standard accounts for instrument errors and drift in the
channel from the sensor, including the primary element, through and including the bistable
trip device.

Instrument setpoint drift is a problem which has led to numerous abnormal occurrence
reports(not referred to as "Licensee Event Reports"). Section 50.36 "Technical
Specifications" of 10CFR50 requires that, when a Limiting Safety System Setting (LSSS) is
specified for a variable on which a safety limit has been placed, the setting be so chosen that
automatic protective action will correct the most severe abnormal situation anticipated, before
a safety limit is exceeded. Protective instruments are provided with setpoints where specific
actions are either initiated, terminated, or prohibited. Setpoints correspond to certain
provisions of Technical Specifications that are incorporated into the facility operating license.

The single most prevalent reason for drift of a setpoint out of compliance with a technical
specification has been the selection of a setpoint that does not allow a sufficient margin
between the setpoint and the technical specification limit to account for instrument accuracy,
the expected environment, and minor calibration variations. In some cases, the setpoint
selected was numerically equal to the technical specification limit and stated as an absolute
value, thus leaving no apparent margin for uncertainties. In other cases, the setpoint was so
close to the upper or lower limit of the instrument's range that instrument drift placed the
setpoint beyond the instruments range, nullifying the trip function.. Other causes for drift of
a setpoint our of conformity with the technical specifications have been instrumentatior
design inadequacies and questionable calibration procedures. Figure 1 provides a graphic
representation of the major elements of setpoint methodology and their relationship to eacr
other and to the licensing issues related to exceeding authorized margins.



jjjA S67.04 - 1982 was updated in 1988 and again in 1994. The 1988 standard provided
Hiore guidance on evaluating the specific elements of uncertainty which should be included
||n a setpoint calculation, the 1994 revision took 5 years to prepare and includes an updated
Standard as Part I, and a Recommended Practice as Part II. Part II was developed to provide
ti significant level of guidance to a user in the actual development of the instrument
uncertainty and setpoint calculation. It was developed to provide an engineer with two years
of experience, the guidance necessary to prepare and issue a safety-related instrument
setpoint calculation for a nuclear facility. The Recommended Practice includes a description
of each element of uncertainty and where to get the data from, how to prepare a calculation
and gives a few example calculations for review.

In 1994, after 5 years of preparation, S67.04 Part I and Part II were issued formally. This
was a major milestone for the S67.04 committee and involved the input from utilities,
vendors and the Nuclear Regulatory Commission (NRC) in developing a consensus for the
final product. There are a number of important contributions to the technology and approved
methods currently endorsed by this standard and recommended practice including:

o Graded approach guidelines
o Use of plant specific drift data
o Allowable Value detemination

Additional work, in the form of Technical Reports, is currently being conducted by the ISA
67.04 committee in the following areas:

• EOP/EOI Indication Uncertainties and Their Relationship with Indicated Value
• Effect of EMI/RFI on Instrumentation Setpoints
• Seismic Effects
• Use of As-Found/As-Left Data
• Setpoints for Sequenced Actions
• Graded Approach to Setpoints Determination
• Vendor Data
• Dependent Error Definition
• Use of Monte Carlo

These Technical Reports are scheduled to be issued in 1996 and 1997 and provide additional
guidance to the Standard Part I and Part II.

III. The INTERNATIONAL ELECTROTECHNIQUE COMMISSION (IEC

The IEC is a world-wide organization for standardization comprising all national
electrotechnical committee's (IEC National Committee's). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical
and electronic fields. To this end and in addition to other activities, the IEC publishes
International Standards. Their preparation is entrusted to technical committee; any IEC
National Committee interested in the subject dealt with may participate in this preparation
work. International, governmental and non-governmental organizations liaising with the IEC
also participate in this preparation. The IEC collaborates closely with the International
Standardization Organization (ISO) in accordance with the conditions determined by
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agreement between the organizations.

1. The formal decisions or agreements of the IEC on technical matters, prepared by technical
committees on which all the National Committees have a special interest therein are
represented, express as nearly as possible, an international consensus of opinion on the
subject dealt with.

2. They have the form of recommendations for international use published in the form of
standards, technical reports or guides and they are accepted by the National Committees
in that sense.

3. In order to promote international unification, IEC National Committees undertake to
apply IEC International Standards transparently to the maximum extent possible in their
national and regional standards. Any divergence between the IEC standard and the
corresponding national or regional standard shall be clearly indicated in the latter.

In October, 1994, the S67.04 Committee approved a motion to request IEC to consider
development and issue of an IEC standard based on the recently issued ISA S67.04. This
proposal was formally issued to IEC in January, 1995. At an IEC meeting in February, 1995
in Frankfurt, Germany, an ISA representative presented the proposal and the IEC SC45A
subcommittee and full committee approved the proposal for New Work Item Proposal(NWIP)
status. As part of the approval process, the NWIP was approved by the U.S. National
Committee of the JEC and the Secretary of the U.S. National Committee forwarded the
proposal to the IEC on June 8, 1995. Subsequently, the NWIP was issued to member
countries and approval was granted in October, 1995 by the following IEC member
countries:

Belgium Italy United Kingdom
China South Africa United States of America
Finland Sweden
France Switzerland

The following goals and objectives were developed, reviewed by the member countries and
modified to accomodate the comments:

A: A new standard is needed to represent the IEC equivalent of ISA S67.04 Part I.
Although, out of the scope of the present proposition, an IEC Technical Report would be
also useful to represent the equivalent of ISA S67.04 Part II.

B: The challenges are to identify and compare all methods currently used by IEC members
for the determination of setpoints and develop a standard that encompasses the known and
conservative methods and provides prescriptions and recommendations to those who
would like to upgrade their programs to the latest standard. The allowance for manual
and computerized determination of setpoints, including Monte Carlo analysis, needs to
be documented and justified in the IEC standard process.

C: At present, our research has identified no existing standards that provide prescriptions and
guidance to any national committees and user groups, outside the U.S., in this subject.
As a result, an adequate evaluation of existing practices is not possible, until a consensus
is reached on the acceptable practices that the IEC recognizes for all nuclear plants
operated by IEC members.

D: In the U.S., the state of the art is stabilized and, after a 10 year process, the S67.04-1994
Part I and Part II standard was issued in 1994. We believe that the development of the



equivalent IEC standard will have a stabilizing influence on the IEC members in
providing prescriptions and recommendations on how to develop these calculations on a
consistent basis.

E: The standard is supposed to define the criteria that must be applied to any method and
include the principal elements that must be in every methodology, independent of the type
of reactor or setpoint that the methodology covers. It should not identify the acceptability
of a particular method, to the exclusion of all others in this standard. In the future, in
another NWIP on a Technical Report equivalent to Part II of S67.04, a number of
acceptable methodologies could be identified and guidance could be provided on how to
choose a specific methodology for a particular application.

F: The project is supposed to provide prescriptions and recommendations on how to perform
and maintain setpoints, not to provide explicitly numerical values.

G: The proposed document supports maintaining the physical barriers for safety systems,
and, in particular, supports the safety classification included in IEC 1226. Also, there is
a tie to IEC work by Working Group A3, because of the development and implementation
of digital safety systems that include setpoints for FSE's.

H: We believe that the IEC standard can be developed at a level roughly equivalent to
S67.04 Part I, which is 22 pages. We believe that a working draft can be proposed before
the next SC45A meeting,"
The Technical Report development of Part II, would take longer, as approximately
another year will be required to assemble and evaluate the current methods of setpoint
analyses and classify and develop the guidelines that can be considered acceptable to all
IEC members.

I. In development of this new standard, it must be kept in mind that, for existing plants, the
Technical Specifications, for which many of these setpoint apply, were originally
developed by the plant's supplier, with close ties to the Safety Analysis for the plant.
Today, it is a cumbersome task to revise the Technical Specifications. Therefore, it is
important that the new standard reflect and support the many and varied methods of
safety margin development and maintenance that are currently in use, so as to minimize
the changes needed to existing Technical Specifications as a result of endorsement by a
country's technical committee, of this standard (Reference: Swedish National Committee
Comment No. 1 to NWIP)

J. This standard should also mention and describe PSA/PRA methods for determining trip
setpoints. (Ref. TECDOC 669. "Case Study on the Use of PRA Methods, Assessment
of Technical Specifications for Reactor Protection System Instrumentation." (Reference:
Swedish National Committee Comment No. 2 to NWIP)

K. In development of this standard, the following shall be incorporated in the scope, outline,
and standard methodology:
1.) The document should identify that the performance studies should be done, but not

define how, and that the errors in those studies should be identified.
2.) The document should discuss through-life issues of configuration control of setpoints

and their alteration, both for short-term(e.g. due to flux chamber burn-up) and long-
term (e.g. due to changes of operating regime), and during commissioning or tests
when protection setpoints may be changed temporarily.

3.) The document should discuss the instrumentation errors or calibration,;drift, etc.
4.) The document should consider and discuss the total build-up of errors due to errors

in performance studies and due to instrumentation errors.
5.) The document should consider the plant trip settings required to handle abnormal

operating conditions, which may include refueling, prolonged outages and reduced



power operation due to plant limitations.
6.) The recommended techniques for error estimation should be described or referenced

fully, or possibly given in details in an annex.
7.) The document should discuss the principles and application of hysteresis (back-lash)

on trip settings.
8.) The document should be prepared in the form of a document agreed by the ISO/IEC

and a scope and contents produces as soon as practicable to that form by the working
group charged to draft the document.

9.) The title should use the IAEA term, "Instrumentation Important to Safety," rather
than "Safety Instrumentation."

Reference: UK National Committee comments to NWIP.

L. The standard shall address the following:
1.) Setpoint determination principles for local scram and alarm functions based on in-

core detectors.
2.) The monitoring of measurement error for distributed core parameters. It shall

account for the allowance of some detector failures and this impact on the total error
value for different parameters and on the applicable setpoints for the rest of the
detectors.

3.) The usage of table or analytical dependencies for setpoints from outer disturbancing
values.

Reference: Russia National Committee comments to NWIP.

M. The standard shall address the following, in comparison with IEC 1226 and the method
of setpoint setting:

(See attached Figure 1 as noted in the comments)

1.) Describe the graded approach to setpoint analyses, as shown in the attached Figure
1. Categorization assumes that various functions contribute with different weight and
kind to the safety of the plant. This leads more or less to a kind of "Defense-in-
Depth" of barriers, and again, separate for each of these barriers, as protective
functions, which in German plants historically have been implemented as automatic
control, several kinds of condition or protection limitations and finally, tripping
protection functions. The kind of design of these functions is important; how they
work together in each situation; e.g.

- the Cat A functions to govern each Postulated Initial Event (PIE), may be designed as
diverse sub-functions (in function, hardware and software).

- the activities of Cat.B functions may minimize the consequences or only the frequency
of any PIE by early and sensitive diagnosis of the first, typical deviation will follow
quick and well-aimed countermeasures. Then the importance of Cat. A setpoints may
be different.

- And because each function may be used for governing more than one PIE, the most
important requirement needs to be applied to each setpoint(Limiting event response).
In the cases of incredible, beyond all design basis accidents, all functions shall be used.
(NOTE: The frequency expressions are taken from the newest version of the paper to
TC 56 (Dependability): 56 Secretariat 410.)

2.) The standard shall also account for the following:



- Dead-bands and overshoots(of controlled variables as well as PIE deviations) shall be
taken into account. For the last ones, certain margins shall be reserved and used (may
be those oriented margins, which are indicated for the case of local core protection;
top left of Figure 1).

- For each PIE, a separate importance analysis needs to be made, dependent and
independent uncertainties being added either arithmetically or geometric (top right of
Figure 1).

- The accuracy of measurement and setpoint-setting needs to be carefully taken into
account. This is true especially for the more complex functions like those of varying
setpoints such as those for DNBR and PCI (bottom left of Figure 1).

- Uncertainty and drift tolerances of setpoint setting of functions of different categories
may overlap (middle right of Figure 1).
Reference: German National Committee Comments to NWIP.

The first draft of this new standard was issued in February, 1996, for discussion at the April
IEC Meeting in Kista, Sweden. At this meeting, member comments were formally requested
on the first draft by late 1996. A new draft, incorporating the member country comments will
be issued in early 1997.

IV. CONCLUSIONS

In summary, the benefits of approval of an IEC standard, based on a recently updated U.S.
standard, are directly related to the goals of the U.S. National Committee and the IEC itself.
It is believed that thru these efforts, improvements in nuclear safety for existing and new
nuclear power plants can be realized as a safe and reliable method of producing electricity.
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