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Primary - Mechanical Engineering Branch (MEB)

Secondary - Electrical, Instrumentation and Control Systems Branch (EICSB)
1

AREAS OF REVIEWI.

Information concerning the methods of test and analysis employed to assure the operability
of essential instrumentation and electrical equipment in the event of an earthquake should
be provided in the applicant's safety analysis report (SAR) and is reviewed by the MEB in

Systems and components that must retain structural integrity,accordance with this plan.
remain leaktight, or continue to function in the event of an earthquake, in order to assure
safe operation or shutdown of the plant, are designated seismic Category I systems and

;

1

components.

;

At the construction pemit (CP) stage, the staff review covers the following specific areas:

The criteria for seismic qualification, such as the deciding factors for choosing be-1.
tween tests or analyses, the considerations in defining the seismic input motion, and
the demonstration of adequacy of the seismic qualification program.

The methods and procedures, including tests and analyses, used to assure the ocera-2.
bility of seismic Category 1 instrumentation and electrical equipment in the event of
a safe shutdown earthquake (SSE) or less severe earthquakes such as the operating

Instrumentation and electrical equipment designated asbasis earthquake (OBE).
seismic Category I include the reactor protection system, engineered safety feature
circuits, emergency power systems, and all auxiliary safety-related electrical

sy:tems.

The analysis or testing of supports for seismic Category I instrumentation and3,
electrical equipment, and the procedures used to account for possible amplification
of vibratory motion (amplitude and frequency content) under seismic conditions.
Supports include items such as battery racks, instrument racks, control consoles,
cabinets, panels, and cable trays.
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Attheoperatinglicense(OL) stage,thestaffreviewstherQsultsoftestsandanalyses
to assure the proper implementation of criteria accepted in the CP review, and to den:on-
strate adequate seismic qualification.

The EICSB verifies that all of the seismic Category I instrumentation and electrical
equipment and supports are included in the seismic qualification program, that the

,

electrical perfonnance aspects of the seismic qualification testing meet safety require-
ments, and that the equipment mounting during the test adequately simulates the actual
service mounting. The EICSB also verifies, at the OL stage, that the equipment and
instrumentation used in the plant have been ap.ropriately qualified.

II. , ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review of this plan are as follows:

1. For plants for which the CP application, including the preliminary safety analysis
report (PSAR), was docketed before October 27, 1972, the seismic qualification of
Category I instrumentation, electrical equipment, and supports should meet the
requirements of IEEE Std 344-1971 (Ref. 3). In addition, the following requirements
should be met:
(, Seismic Qualification for Equipment Operability

(1) Tests or analyses are required to confirm the functional operability of all
,

seismic Category I electrical equipment and instrumentation during and )
after an earthquake of magnitude up to and including the SSE. (Theanalysis |
method is not recommended for complex equipment that cannot be modeled

accurately enough to predict its response correctly.)

Designs and equipment that have been previously qualified by means of tests
and analyses equivalent to those described here are acceptable provided that
proper documentation of such tests and snalyses 1: submitted.

(2) Input excitations such as continuous single frequency sinusoidal motions or
.. sine beat motions should be used. The maximum input motion acceleration I

should equal or exceed the maximum seismic acceleration expected at the

equipment mounting location. SeeII.l.b(3)belowforadiscussion,ofthe
participation of the equipment supports.

(3) The discrete frequencies at which the test input motion is applied should
cover the range 1-33 Hz. If resonant frequencies of the equipment and
equipment supports are identified by prior analysis or " sweep" testing or
both, tests conducted only at the resonant frequencies are acceptable.

(4) Equipment should be tested in the operational condition. Procedures for
monitoring the equipment under test are reviewed by E!CSB.

(5) The test motion should be applied to one vertical and two orthogonal hori-
zontal axes separately.

(6) The test program may be based upon selectively testing a representative
number of iaechanical components according to type, load level, size, etc.
on a prototype basis.
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b, Seismic Design AdQquacy of Supports
f Analyses or tests should be performed for all supports of seismic Category I

!

(1) |
electrical equipment and instrumentation to assure their structural

I capability to withstand seismic excitation.
(2) The analytical results should include the maximum accelerations and

associated frequencies at the equipment mounting location, and the combined
j

stresses of the support structures should be within the limits of *.he ASME f
'

'

Code, Section III, Subsection NF, " Component Support Structures" (Ref. 2).

(3) Supports should be tested with equipment installed, if the equipment is
installed in a nonoperational mode for the support test, the response at the
equipment mounting location should be monitored such that the maximum
accelerations and associated frequencies can be defined. In such a case,
equipment should be tested separately for operability and the actual input
motion to the equipment should be more conservative in amplitude and |

frequency content than the monitored respense.
|

(4) The requirements of II.1.a(2), (3), and (5), above, are applicable when
tests are conducted on the equipment supports.

For plants for which the CP application was docketed af ter October 27, 1972, the2.
seismic qualification of Categcry I and instrumentation, electrical equipment, and
supports should conform to the following (also see Ref. 4):

Seismic Qualification for Equipment Operabilitya.
(1) Tests and analyses are regired to confic the functional operability of all

seismic Category I electrical equipment and instrumentation during and after
an earthquake of magnitude up to and including the SSE. Analyses alone,
without testing, are acceptable as a basis for seismic qualification only if
the necessary functional operability of the instrumentation or equipment is
assured by its structural integrity alone. When complete seismic testing is
impractical, a combination of tests and analyses is acceptable.

Designs and equipment that have bran previously qualified by means of tests
and analyses equivalent to those described here are acceptable provided that
proper documentation of such tests and analyses is submitted.

(2) The characteristics of the required (seismic) input motion should be speci.
fied by response spectrum, power spectral density function, or time history
methods. These characteristics, derived from the structures or systems
seismic analysis, should be representative of the seismic input motion at

the equipment mounting locations.
(3) Equipment should be tested in the operational condition. Operability should

be verified during and af ter the testing.
(4) Theactual(test)inputmotionshouldbecharacterizedinthesamemanneras

the required input motion, and the conservatism in amplitude and frequency

content should be demonstrated.
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(5) Seismic excitation genIrally has a broad frequency content. Random vibra-
tion input motion should be used. However, single frequ1ncy input motions,
such as sine beats, are acceptable provided the characteristics of the
required input motion indicate that the motion is dominated by one
frequency (e.g., by structural filtering effects), the anticipated response;

of the equipment is adequately represented by one mode, or the input has
sufficient intensity and duration to excite all modes to the required ampli- r-

tudes such that the testing response spectra will envelope the corresponding
response spectra of the individual modes.

(6) The test input motion should be applied to one sertical axis and one
principal horizontal axis (or two orthogonal horpontal axes) simultaneously
unless it can be demonstrated that the equipment response in the vertical
direction is not sensitive to the vibratory motion in the horizontal direc-
tion, and vice versa. The time phasing of the inputs in the vertical and
horizontal directions must be such that a purely rectilinear resultant input
is avoided. An acc o t ble alternative is to test with vertical and
horizontal inputs in-phase, and then repeat the test with inputs 180 degrees
out-of-phase. In addition, the test must be repeated with the equipment
rotated 90 degrees horizontally.

(7) The fixture design h uld simulate the actual service mounting and should
not cause any extraneous dynamic coupling to the test item.

(8) The in situ application of vibratory devices to superimpose the seismic
vibrator motions on a complex active device for operability testing is
acceptable when it is shown that a meaningful test can be made in this way.

(9) The test program may be based upcn selectively testing a representative number
of components according to type, load level, size, etc., on a prototype basis,

b. Seismic Design Adeguacy of Supports

(1) Analyses or .sts should be perfonned for all supports of seismic Category I
electrical equipment and instrumentation to assure their structural capability
to withstand seismic excitation.

(2) The analytical results should include the required input motions to the mounted
equipment as obtained and characterized in the manner stated in ll 2.a(2),
above and the combined stresses of the support structures should be within

'the limits of the ASME Code, Section !!!, Subsection NF, " Component Support

Structures" (Ref. 2).
(3) Supports should be tested with equipment installed or with a dummy simulating

the equivalent equipment inertial mass effects and dynamic coupling to the
support. If the equipment is inscalled in a nonoperational mode for the
support test, the response in the test at the equipment mounting location
should be monitored and characterized in the manner as stated in II.2.a(2),
above. In such a case, equipment should be tested separately for operability i

and the actual input motion to the equipment in this test should be more
conservative in amplitude and frequency content than the monitored response

i

from the support test.
(4) The requirements of II.2.a(2), (4), (5), (6), and (7), above, are applicable

when tests are conducted on the equipment supports.

|
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3. In documenting the implementation of the seismic qualification program described above,

the SAR should:
Describe briefly the testing facilities, including the capability of the facili-a.
ties to test the functioning of the equipment being tested and to provide the test

input.
Provide a list of equipment (devices or assemblies) and support structures tested. ,

b.
Identify the type of. testing input motion, including intensity level, frequencyc.
content, number of axes, input duration, and time history sketches of the typical
input. The validity of such testing input motion should be demonstrated.

d. Describe the number, type, and location of monitoring sensors used.

Identify whether devices are tested in the operating condition,e.
Identify whether devices are mounted during the testing of assemblies or supportingf.

structures (i.e., panels, racks,etc.)anddemonstratethevalidityofanytests
conducted without the devices (or suitable substitutes) or with the mounted devices
in inoperative condition,

j In the event testing is replaced by analysis, provide justification that theg.
analysis assures the proper functioning of the equipment during the SSE.

!!!. REVIEW PROCEDURES
The reviewer will select and emphasize material from the procedures described below as

may be appropriate for a particular case.

For each area of review the following review procedures are used:

At the CP stage, the staff reviews the program which the applicant has described in1.
the PSAR for the seismic qualification of all Category I instrumentation and electrical
equipment. The program is measured against the requirements listed in Section !! of
this plan. Of particular interest are the proper use of cest and analytical procedures.
Equipment which is too complex for relitble mathematical modeling should be tested
unless the analytical procedures and corresponding design are convincingly conservative.

' Both the test and the analysis methods are reviewed for assurance that all important
modes of response have been excited in tests or considered in anlayses. Proper appli-
cation of input motions so as to bound the required input, whether in terms of response
spectra, power spectral density, or time history in all necessary directions is verified.
The use or treatment of supports is also reviewed.

At the OL stage, the staff reviews the program again as described by the applicant in2.
the FSAR. In addition, the FSAR is reviewed for documentation of the successful im-

plementation of the seismic qualification program including test and analysis results.
Also, the acceleration levels used in the tests and in the analyses are reviewed for
assurance that they equal or exceed the levels at the equipment mounting locations
derived f rom structural response studies of the plant structure as bc'l. or as designed.
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IV. EVALUATION FIN 0!NGS-

The rQviewer should vorify that sufficient information ha3 been provided and that the review
supportsconclusionsofthefollowingtype(foraCPreview),tobeincludedinthestaff's
safety evaulation report:

"The proper functioning of essential instrumentation and electrical equipment in the
,

event of the safe shutdown earthquake (SSE) is necessary to initiate protective actions
including, for example, operation of the reactor protection system, engineered safety
features, and standby power systems.

"The seismic qualification testing program which will be implemented for seismic Cate-
gory 1 instrumentation and electrical equipment provides adequate assurance that such
equipment will function properly during the excitation from vibratory forces imposed
by the safe shutdown earthquake and under the conditions of post-accident operation.
This program constitutes an acceptable basis for satisfying the applicable requirements
of General Design criterion 2."

.At the OL stage, the review should p* ovide justification for a finding similar to that above
with the phrase "will be implemented" modified to read "has been implemented."
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