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PERIODIC TESTING OF ELECTRIC POWER AND PROTECTION SYSTEMS

INTRODUCTION

Scction 30,5350, "Codes and Standards.” of 10 CFR
Part 50, “Licensing of Production and  UWilizaios
Facilities.™ requires in patagraph (h) that protection
systems meet the requirements set torth in the Instituts
of Electrical aud Electronies Lngineers Standard, “Cri-
teria for Protection Systems tor Nucleur Power Generat-
ing Stations™ (IEEE 279).% Section 4.9 of IEEE Sid
279-1971 (also designated ANST N42.7-1972) requires,
in part. that means be provided tor checking the
operational availability of cach protection system input
sensor during reactor operation and includes examples of
Bow this can be accomplished. Section 4.10 of 1EEE Std
379-1971 requires. in part, that capability be provided
for testing and calibrating protection system equipment
other than sensors and indicates when such equipmemt
must be tested during reactor operation. General Design
Criterion 21,
bility,”

Nuclear Powe

of Appendix A, “General Design Criteria” for
r Plants.” to 10 CFR Part 50 requiges. in

part, that the protection system be designed'to permit
its periodic testing during reactor operation tmluc!mrz a’

capability 1o test channels independently” 'to determine
failures and losses of redundancy that may . have ve-
curred. General Design Criterion 18, “luspection and
Testing of Electric Power. -Systems.” requires. in part.
that electric power systcms important 1o safety be
designed to permit pcnodlc testing. including perfor-
mance of the u)mpo iénts of the system and the system
as a4 whole and; under cond:ﬁum as close to design as
practical, the* full' pn.r.mon.xl sequence, including opera-
tion of ons »ithé protection system. and transter
of power among, the nuclear power unit, the olfsite
power systemand the onsite power system. Criterion
X1, “Test Control,” of Appendix B, “Quality Assurance
Criteria For Nuclear Power Plants and Fuel Reprocessing
Plants,” to O CFR Part 50 requires, in part, that a test

*Copics may be obtained from the Institute of Electrical and
ilectronic Engineers, United Engineering Center, 3485 Last 47th
Street, New York, New York 10017,

“Protection System Reliability and Tcsla—,_

“Proféction Systems,”
Operations, Swveillinee and Testing, of the Institute of
Electrical und Electronic Engineers Nuclear Power Engi.

program  he established o ensure that all estiog.,
including vperational testing required to demonshiate
that systems and components will perfonm satisfactoniy
in service, is identiticd and pertormed,

This guide describes a method aceeptable to the NRC
stalt of complving with the Comunission’s regolations
with respect to the periodic testing off the protection
systen and electric power systems and provides supple-
mentary guidance o tat included in Regulatory Guide
1,32, Criteria for Safety-Reluted Electric Power Sy
tems tor Nuclear Power Plants,” wegarding the petiodic
testing of eleciric power systems. This guide applies 1o
all iypes of nuo.lunr power plints,

“8. DISCUSSION

lth S!d 338-1975, “Criteriz for the Periodic h'xum_'
an\udL.n Power Generating Station Class 1E Power and
was prepared by Subcommitiee 3,

neering Committee (NPEC) 1EEL Std 338-1975 was
subsequently approved by NPEC on November 7. 1974,
and by the 1EER Standurds Committee on February 27,
1975.

EEE Std 2381975 s ancillary to TEEL Sids
279-1971 and 308-1974 and includes criteria, reguire-
ments, and recommendations for the development of
periodic testing programs for electric power and protee-
tion systems in commercial nuclear power plants, The
criteria and requirements are indicated by the verbs
“shall™ and “must.” and the recommendations are
indicated by the verb “should.”

C. REGULATORY POSITION

The criteria, requirements, and recommendations
contained in IEEE Std 338-1975 are considered by the
NRC staff to be generally acceptable methods for the
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“perivdic testing of electric power and protection: sys-
tems. subjcu to the follomng

. I. Sccnon 5 of IEEE Std 338-1975 shuuld be
“supplemented by the following:

“Means shall be included .in the design to facilitate
response time testing from sensor input to and
including the actuated equipment.”

_ 2 Instead of item (2) in Section 3 of IEEE Std
338-1975, thc l"ulluwing shoutd be used:

(2 Test equipment, methods, and prmcdurcs
“shall be designed so as not to cause the loss of
independence between redundant - channels or load
“groups or the failure of one or more such channels or
load groups.”

3. The term, “protective action system,” as used in
item (6) in Section § of 1EEE Std 338-1975 should be
understood to mean, collectively, the clectric, instru-
mentation, and controls portions of those systems
actuated ur controlled by the protection system.

4. Item (7) in Section § of [EEE Std 338-1973 lists
alternative means of inciuding the actuated equipinent in
the periodic ‘testing of protection system equipment.
The method in which uctuated equipment is simultane-
ously tested with the associated protection system
equipment is preferred. In addition to the requirements
of iter (2) in Section 6.1, complete system tests should
be performed-at suitable intervals,

5. If actuated cquipment is not tested during
reactor operation, in addition to the requirements of
items (7)(a), (b), and (c) in Section 5 of IEEE Std
338-1975. it should be shown that (1) there is no
practical system design that would permit operation of
the actuated equipment without adversely affecting the
safety or operability of the plant and (2) testing only
when the reactor is shut down provides a satisfactory
test interval,

6. Item (8) in Section 5 of IEEE Std 338-1975
should be supplemented by the following:

*Designs that do not require the use of bypasses in
order to test all or part of a safety system are
preferred over those that require bypasses.”

7. The term “‘safety system’-is used in [EEE Std
338-1975 (e.g., item (7) in Section-5). For the purposes
of this guide, “safety system" should be understood tc
mean, collectively, the electric, instrumentation, and
controls portions of the protection system; systems
actuated or controlled by the protection system; and
auxiliary or supporting features that must be operable

- response time is satisfactory. Therefore,

for the protection system and the systems it actuates of
controls to perform their safety-related functions,

8. Consistent with the provisions of item (2) in
Section 6.1 and the first item (1) in Section 6.4 of IELE
Std 338-1975, item (13) in Section 5 and the fast tull
paragraph on page 11 in Section 6.3.4 should not be
construed 10 imply that use of siimulated trip signals
inserted in lieu of sensor outputs is preferred over tests
that involve perturbing the monitored variable. Instru-
ment channel tests should include perturbing the moni-
tored variable  wherever practical. Wherever this is not
practical, it should be shown that the proposed substi-
tute tests are adequate.

9. Instead of item (1) in Section 6.3.1 of IEEL Std
338.1975, the foltowing should be used:

*(1) Comparing readings on channels which moni-
tor the same variable where the value ol the variable
at each sensor location is the same when the
comparison is being made.”

10. Instead of iten. {§) in Section 6.3.2 of ILEE Sud
338-1975. the following should be used:

*(3) Testing to verify trip set points that are
continuously caleuluted shull be performed 1o verify
cach variable that enters into computation. While the
signals for one or more - parameters are varied to
achieve tripping or change in computer output, the
signals lor other variables shull be maintained at their
expected values. The paraiseters to be varied should
be selected based on expectz2d accident conditions.”

11, Scction 6,3.2 of JEEE Std 338.1975 should be
supplemented as follows:

*(7) Testing the status and operability of by-
passes, bypass indications, and bypass annunciation
circuits.

*“(8) Perturb the monitored variable and verify
that the system responds as required.”

12. Response time testing should not be limited to
clectric power or protection system equipment or
equipment that (1) has a response time that is con-
sidered critical to safety or (2) contributes more than 5%
of the overall total system’s response time. Testing of
the response time of all portions of the safety system
should be performed, consistent with the requirements
of item (7) of Section 5 of IEEE Std 338-1975. This
includes periodic testing of sensors to determine if their
instead of
Seciion 6.3.4 of the standard, the following should be
used:

“6.3.4 Response Time Verification Tests, Safety
system time response measurements shall be made
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* periodically 10 venly the overall response time of all
portions of the system from and including the sensor
“to operation of the actuator;

“Where it is not possible 10 include sensors in

o ineplant individual or system response tine tests, the

sensors shall be periodically removed from their
normal installations and tested. When this is neces-
ssary, the test instaflation shadl duplicate as nearly as
pussible the expected eavironment and mechanical
configuration of the sctual installation.

“For clunnel testing, not including sensors, test
equipment shall include that necessary to simulate
sensor output over its (ull range and simultaneously
record input and output conditjions for determining
the overall response time. The test input should span

the normal trip set point sufficiently to reset the

channel for the untripped condition and ensure
complete tripping for the tripped condition,

“For protection tripping functions where (wo or
more varigbles enter into i tripping action, for
exumple, the teip point is computed from empera-
ture, differential pressure, and nuclear flux signals,
‘the chunnel response time shall be verified using each
of the variables to produce the tripping action.
During this tripping action, the test signals for the
remaining varjables shall be adjusted to within their
expected operating range, but to a value that will
“produce conservative test results,

“The response time test shall include as much of
cuch safety system, from sensor input to actuated
cquipment, as possible in a single test. Where the
entire set of equipment from sensor to actuated
cquipment cannot be tested at once. verification of
system response liv.e may be accomplished by
measuring the response times of discrete portions of
the system and showing that the sum of the response
times of all portions is equal to or less than the
overall system requirement.

“In regard to sensors and other specific instrumen-
tation, it is considered acceptable to verify response
time by functional testing and/or calibration checks if
it can be demonstrated that changes in response time
beyond acceptable limits arc always accompanied by
changes in performance characteristics which are
detectable during routine periodic tests.”

13. Section 6.4 of IEEE Std 338-1975 should be .
suppleimented by the following:

*“Test procedures for periodic tests within the scope
of this Standard shall not require jury rig test setups,
the use of temporary jumper wires. or the cemoval of
fuses.”

14. In addition 10 periodic tests to determine it
saturation is occurring, it is important to determine.
suitable intervals, it foldover will vecur. Folduver vecurs
when sn output signal, which normaldly increases with
increasing input,. changes to a decreasing signal, or
conversely for a normally decreasing signal, Accordingly.
the example in the last item (3) of Section 6.4 of IEEE
Std 338-1975 and the example in Section 6.3.3 should
be construed to include foldover as follows:

a. In Section 6.4:
“(for example, by saturation vr foldover).”
b. In Section 6.3.3:

“(for example, the bistable trip did not vecur at
the required set point, the analog output wis
out ol tolerance. or saturation or foldover wus
vbserved) ... "

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants regarding the NRC staff’s plans for using
this regulatory puide.

Except in those cases in which the applicant proposes
an acceptable alternative method lor complying with
specified portions of the Comunission’s regulations, the
method described herein will be used in the evaluation
of submittals in connection with construction permit
applications docketed after February 15,1977,

If an applicant wishes to use this regulatory guide in
developing submittals for applications docketed on or
before February 15, 1977, the pertinent portions of the
application will be evaluated on the basis of this guide.
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