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1.0 EXECUTIVE SUMMARY

Dynam’: test programs of comparable Cable Tray Support Systems made
throughout the ind.stcy have demonstrated that Cable Tray Support Systems
exhibit a significant inherent seismic capacity. These dynamic studies have
enabled the Seabrook Project to pursue a more refined qualification program.

A refined program which is based upon plant-specific tests will justify the
seismic qualification of the existing Seabrook support configurations in their
present state of completion. In the absence of this refined qualification
program, a substantial amount of seismic bracing, and hardware improvements
would be necessary to complete the original design concept.

Cable tray support performance and behavior for typical Seabrook
systems details and materials were evaluated in *he laboratory during the
initial phase of this refinement program. This included full scale dynamic
testing on representative support and tray configurations at high levels of
seismic input. These proof and fragility tests were fundamental to the
development of this refined analytical approach for the Seabrook cable tray

support qualification.

The testing program demonstrates that the typical Cable Tray Systems
exhibit substantial seismic capacity. The testing results have shown:
(1) existing connections exhibit substantial additional rotational resistance
and (2) the Cable Tray Systems exhibit highly damped response. The test data
has been used to develop an analytical approach based upon actual and

predictable system behavior.

The final phase of the program will couple this technology with the
Seabrook installation by performing an individual support seismic evaluation
and component interaction review. This phase of the program will provide the
final documentation for the cable tray support qualification.

It can, therefore, be concluded that implementation of this program

will fulfill project commitments for the qualification of the existing

Seabrook cable tray support instaliation.
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2.0 PROGRAM OBJECTIVES AND SCOPE
2.1 Background

Seismic qualification of cable tray supports in certain Seismic
Category I buildings is to be completed by utilizing dynamic testing and
improved analytical methods to refine the existing project analytical
methods. The decision to redirect the Seabrook cable tray qualification was
influenced by the following factors:

-~ Past shake table testing of Cable Tray Support Systems have shown
that Cable Tray Systems exhibit inherent seismic capacity with
varying amounts of seismic bracing.

- Existing project analysis modeling methods of Cable Tray Systems
could be refined to be more reflective of actual system behavior

- Dynamic testing is an accepted seismic qualification method by the
USNRC Standard Review Plan (Section 3.10).

2.2 Objective

The objective of the refined qualification program is to produce and
implement a methodology which will optimize the project's use of available

resources while meeting appropriate acceptance criteria and margins.

2.3 Scope

Seismic qualification of cable tray supports by dynamic
testing/analytical methods will pertain to supports located in seven of a
total eleven Seismic Category I buildings which still require final
documentation of their qualification. 1In the remaining four Seismic Category
I buildings, the design, installation and final documentation of cable tray
supports is complete. Figure 2.1 and the lists below identify the buildings

with completed seismic qualification programs.



Buildings Utilizing Refined Program

Control Building

Reactor Containment Building

Primary Auxiliary Building
Containment Enclosure Ventilation Area
RHR Spray Equipment Vault

Steam and Feedwater Pipe Chase (East)
Electrical Tunnels Trains A and B

eismic Qualification Build

Status

Completed Buildings

Service Water Pumphouse
Cooling Tower (Unit 1 Side)
Diesel Generator Building
Fuel Storage Building



.

Service Water
Pumphouse
(completed)

Steam § Feedwater
Pipe Chase (East) (not completed)

Reactor Containment Building
(not completed)

Turbine

- Fuel Storage

Building (completed)
Building v

=~—H— Containment Enclosure
Ventilation Area

(not completed)
Primary Auxiliary Building -
(not completed)

Administration
S ‘\\;ﬁ:;\\“ RHR Spray Equipment
Building

Vault (not completed)

. r____j
Contro] ~ Z{/Dicsel ; il
Building Generator Cooling Tower
(not completed) Building (Unit 1)
(completed) (completed)

STATUS OF CABLE TRAY SUPPORT QUALTFICATION

FIGURE 2-1



3.0 QUALIFICATION PROGRAM

Implementation of the qualification program will be performed on an
individual support hasis. A thorough review of all supports

is planned using
as-constructed drawings and walkdown results.

Individual support
qualification will be accomplished by implementation of one of t

he following
three (3) methods: (a) testing, (b)

envelope analysis or (c¢) support unique
analysis. Support qualification by testing will be utilized when the support
geometry/hardware mass and seismic environment, etc., are bounded by a

specific test case. Supports not quelified exclusively by testing will be

qualified by analysis. Envelope analysis will be used as much as practical in

order to optimize the analytical program, and provide additional margin. When

an envelope approach, nowever, is not appropriate, supports will be analyzed
on an individual basis.

The installation status of the existing configurations in the seven
Seismic Category 1 buildings is shown in Table 3-1. Scismic bracing is the
item requiring the largest remaining effort. Therefore, both the testing and
analytical portions of the qualification program will investigate various
alternatives of braced and unbraced configurations. This approach is

consistent with our objective of refining our existing methodology in order to

optimize the remaining qualification effort.

An overall description of the qQualification program is presented

Detailed descriptions of the qualification methods are presented in
Section 4. Table 3.2

below.

summarizes the integration and relationships of the
various qualification program activities.

3.1 Testing Program

The qualification test data base was developed by shake table testing
of four representative support configurations which are predominant throughout
the seven Seismic Category 1 buildings. The system behavior of each of the
configurations was obtained by testing full scale systems. Figures 3-1
through 3-4 show standard construction details of the supports simulated by
test. Figures 3-5 through 3-12 show typical cable tray layouts which are
conservatively enveloped by the test configuration.



A percertage of the cable tray supports in the seven Seismic Category 1
buildings are to be qualified by testing. For example, it has been estimated
that approximately one-half of the supports in the Reactor Containment
Building will utilize the test data as their primary basis of their
qualifications. Their qualification will be individually documented.

Supplemental analytical evaluation can be used to illustrate the
severity of the test conditions and their resulting broad applicability. This
is because the input margins included in the test programs resulted in
bounding response data. 1In plant applications, the connection moments and
forces, member stresses, connection rotations, etc., will be limited to values
which are less than those recorded during the tests. Therefore, although the
test samples do not geometrically envelope 100% of the plant, they were
subjected to responses which, by the implementation of our qualification
eriteria, will envelope the actual support system responses at Seabrook. A
thorough support-by-support review will verify that indeed the tested supports
envelope the response conditions of the vast majority of the existing support
installations. This confidence is due to our parametric surveys which have

yielded the following data:

© The Test Response Spectra (TRS) exceeds the horizontal ARS of all
elevations in the Control Building by a minimum of 60% at all

frequencies above 1 Hz.

0 Fifty percent (50%) of all trays in the Control Building are loaded
to 20% or less fill by area (note: 40% fill was used in the test

program) .

0 Seventy percent (70%) of all supports are spaced at intervals of

8 feet or less (note: 10 feet was used in the testing program).

o 95% supports have more bracing than the unbraced test

configurations.

The test program data provides the necessary data to extract an
understanding of system performance. The data is then used as an effective

link to the analytical applications program as follows:

<l




1. Connection test data is used to: (a) establish appropriate spring
rates to be inserted into support finite element models and to (b)

establish appropriate connection rotational and stress limits.

2. Finite element models of the test case samples derived in Item 31,
are then compared to the system test data. Correlation of these
analyses with the test results in terms of dynamic properties and
response levels serves to verify the modeling approach.

3. The connection performance data developed in Item 1 is then
reviewed versus the system data. Ulilizing these connection
performance data will result in responses that are limited to less
than those observed during system testing. This will ensure that
supports qualified analytically and in conformance with the
acceptance criteria will be within the response levels generated
during system tests. Joint rotation, for example will always be
limited to values significantly less than those observed during
system testing.

32 1 c 1 tions Program

The qualii .cation of support configurations which are not geometrically
bounded by the four tested configurations will be supplemented by analysis.
The analysis program will utilize the applicable portions of the existing
project analysis program. Analytical refinements, derived as a result of the

test program, will be incorporated where possible, for example:

1. Selected connection spring rates will be incorporated analytical

into finite element models.

2. The analytical acceptance criteria will be expanded to incorporate

the connection rotational and stress limits provided by the testing

program.




Damping values up to a maximum of 20% will be utilized. (Note:
The justification to use increased damping at Seabrook was
submitted to the NRC in May (Reference 1).

serves to confirm the applicability of these damping values.

The testing program

2.3.3 Envelope Analysis

To facilitate the implementation of the analysis program,

an envelope
analysis approach will be used.

Supports will be grouped by configuration

type. Representative envelope models are developed utilizing conservative

values of the following parameters, thereby facilitating their use to qualify
multiple applications:

© ARS (envelope spectra)
© Configuration height
© Number of tray tiers

© Hardware type

0 Cable loading (full loading will be considered)

If the site envelope approach is too conservative, whereby the
applicability of the envelope is too limited, one or several of the above
parameters may be lessened. However, the resultant envelope model will be

used to qualify only plant conditions that fall within the bounds of a
particular envelope.

3.2.2 Unique Support Evaluation

Any support configuration that is not qualified by either testing or

the analytical envelope program will require a unique support evaluation.

This evaluation can range in scope from a complete individual support analysis

(if the configuration differs significantly from any previously qualified

configuration) to an evalustion which addresses any minor differences between

the support and a previously qualified configuration.

g
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3.3 tance iteria

The analytical evaluation of cable tray support configurations will be
evaluated against a detailed acceptance criteria. The acceptance criteria
consists of the existing criteria, enhanced to reflect findings from the
recent tests. For example, the connection springs inserted to the structural
models (Section 3.2) suggests the addition of a criteria to address their
performance limits. Similarly, criteria is developed to address the 1 cger
system displacements observed during testing. The existing criteria (which
has been reviewed by the NRC) was used unless the test program results
dictated a necessary change. The acceptance criteria highlights are provided

below:

Structural Criteria

Primary me” vers (struts) - Maintain present project criteria.

Connections - Existing criteria will be amended to include additional

test performance data.

Trays and Tray Hold Down Devices - Unconditionally qualified by the

test program.

System Displacement Effects

Cables - Integrity and functionality was demonstrated by the test

program, as well as by past test program (Reference 6).

Interaction with Attached or Nearby System Components - Displacements

vill be within acceptable limits.

3.4 Other Issues

The seismic qualification program will also address the following open

NRC issues:



1. 10CFR50.55(e) Report Electrical Cable Tray Support strut-nuts
hardware. The test configurations included bolting hardware which
exhibit slippage capacities less than published allowed loads.

2. Quality control commitments to resolve an NRC construction

appraisal team violation.
3.9 t Perf of Cable Trays in Seismic Events

To further document the inherent seismic capacity of cable tray
supports, Seabrook cable tray support details are compared to cable tray
supports that have experienced strong motion earthquakes. This comparison is
made by EQE, Inc., an engineering consulting firm that deals primarily with
the historical performance of various equipment that have survived past
earthquakes. EQE, Inc., has accumulated an extensive data base that includes
Cable Tray Systems similar to Seabrook including tray without axial bracing.
Historically, Cable Tray Systems have performed very well during and after
major earthauakes, including ground motion in excess of the Seabrook safe
shutdown earihquake. This data supports the conclusions of the Seabrock
dynamic test program and is provided in Appendix A for your review.



CABLE TRAY SUPPORT INSTALLATION STATUS

The installation status of the existing support configurations in the seven
seismic Category 1 buildings which still require final documentation of their
seismic qualification is as follows:

1. Primary Support Components (vertical struts and horizontal rails)
= 100Z complete.

2. Horizontal Bracing:
4. transverse direction - 90% complete.
b. axial direction - 5% - 10% complete.

3. Cable Trays - 100% complete.

4. Cable Installation - 90% - 95% complete.

Tuble 3-1
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CONTAINMENT

Figure 3.7 Tne typical cable tray configuration in the tunnel area is
floor-to-ceiling, with up to 10 tiers. One side of the tray is
supported using a floor-to-ceiling column. The other side of the tray
is braced with struts attached to embedded steel channel in the concrete
wall. The trays are connected to the ceiling using the standard
connection detail either bolted or welded to overhead structural steel
wide-flange beams. The floor connection is made by welding to a base
plate either embedded or bolted to the floor. Cable tray loading in
this area does not exceed 40 plf. Seismic gaps are evident here.

The penetration area contains a high density of cable trays. The
configurations of these trays are trapeze, floor-to-ceiling, and various
combinations of trapeze and floor-to-ceiling supports. In addition to
the cable trays, this area contains ducts, electrical cabinets and
penetration assemblies.
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Figure 3.6 The typical configuration of cable trays in this area is
floor-to-ceiling with up to 10 tiers. The trays are connected to the
ceiling using the standard connection "boot" either bolted or welded to
overhead structural steel wide-flange beams. The floor connection is
made by welding %o a base plate either embedded in or anchor-bolted to
the floor. On multiple-tiered trays, at least every fourth tier is
braced in the transverse direction. In addition to the large amount of
horizontal trays, there are several runs of vertical trays connecting
;29 switchgear area (elevation 21°6") with the control room (elevation
.o.).
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Figure 3.5 The typical configuration of cable trays in this area is a
double trapeze with up to 8 tiers. The trapezes are connected to the
ceiling using the standard connection "boot" either bolted or welded to
overhead structural steel wide-flange beams. On multiple-tiered trays,
at least every fourth tier is braced in the transverse direction

Bracing details include triangular gussets at major connections and clip
angles at other connections. The cable trays are connected to the
trapeze supports with either internal clips or "2"-clips. Cable is
routed from the tray into electrical busses through wireways and
flexible conduit.
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Figure 3-12 The typical cable tray configurations in this area are
trapeze, cantilevered and pedestal supports. The cantilevered cable
trays are two tiered, with each tier braced to embedded steel channel in
thehc:?crete wall. The pedestal supports are also braced to the wall at
eac er.
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Figure 3-11 The typical configurations of cable trays in this area are
double trapeze and floor-to-ceiling with up to 4 tiers,
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Figure 3-10 In this area, cable trays are mounted 2round the perimeter
of the building in a 3-tier trapeze configuration. Tie supports are
welded to the overhead structural steel wide-flange beams of the
ceiling. In addition to the trapeze supports, some of the cable iray:
are supported on pedestals.




Reactor Containment Building - Elevation -“6'0"

Fiqure 3.9 The typical cable tray configurations in this area are
double trapeze and floor-to-ceiling supports. Most of the trapeze
supports have 3 or 4 tiers. Cable tray loading in this area does not
exceed 40 p1f. The cable trays and penetration assemblies found here
ave similar to those found at Elevation 0°0".
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Figure 3.8 The cable trays found here are similar to those found in
the A Train Electrical Tunnel and Penetration Area.
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4.1 Technical Deveiopment

The Cable Tray System qualification program includes the development of
the items identi‘ied in Section 3; specifically, dynamic testing of full scale
system modelis connection tests sad analytical applications program. In
addition, tﬁ. program data base was enlarged by the utilization of an existing
Bechtel Raceway Test Program. The detailed development of these programs and
a summary of ensuing results is included in the following sections.

4.1.1 Dynamic Test Program

The primary objective of the Seabrook specitic tests was to study the
seismic resistance and response of typical multi-tier Cable Tray Systems,
constructed using representative site-specific construction details and
hardware subjected to various levels of postulated seismic loadings.

Other objectives include the collection and analysis of data to
determine trends in resonant frequencies, Jamping ratios, response shapes and
support loads. This information is later coordinated with an analytical
applicitions pcogram to qualify the support system as described in
Section 4.2.3,

The test effa.-t investigated the performance of the typical Cable Tray
Systems using three different load sequences and input levels. They are

identified as follows:

SSE Test

Each test configuration was subjected to one SLE Test Response Spectra
(TRS). T- study system response, the test configuration was also

subjected to fractional SSE events.
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Fatigue Test

Each test configuration was subjected to five OBE TRS followed by one
SSE TRS.

Fragility Test

Each test configuration was subjected to incremental TRS, using the SSE
TRS shape, until the table limit was reached, or until general
structural collapse is observed.

Each test sample was subjected to a specific sequence of test inputs to
optimize data and pecformance evaluations. All the test cases include low
level random testing, fractional SSE testing, SSE testing, fatigue testing and
bracing studies. Details of the test sequence for each test can be found in
Tables 4.1 through 4.3. Test plans for each test are found in References 2
and 3.

4.1.2 Development of the Dynamic Test Configurations

The initial phase of the Seabrook cable tray support performance
program conncfcod with a site walkdown during the week of July 14, 1985. The
purpose of this limited plant walkdown was to investigate miscellaneous
details which might be sensitive to se.smic displacement of unbraced supports
and thercfore should be included in the tes. program. Previous site
walkdowns, performed to Support the Bechtel damping study of the Seabrook
cable tray supports (Reference 5) were used as the basis for the proposal of
the two test sample geomet.-ies (Case A and B). A description of these two
cases are provided in Figures 4-1 and 4-2. These two configurations were
Judged to be the most represenLative of site conditions. Two test cases were
selected initially, as it was felt that additional test cases could be added
a8 warranted.

The main Seabrook typical supports are represented by the trapeze
Support T26 (representative of TA, T8, T26, T27 and T29) and by the typical
support T5 (floor to ceiling support). A sketch of typical supports, T26 and
TS5 is provided in Figures 4-3 and 4-4. These two types were selected for
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dimensional, quantity and behavioral reasons. These initial configurations
consisted of reduced transverse and no longitudinal bracing, which is
consistent with the program objectives.

After the completion of Test Case A, it was decided to establish a
third configuration, Test Case C. This test case is illustrated ir Figures
4-5 and 4-5, and incorporates two major types of supports (change in direction
supports, T9, T10) and supports for vertical tray, T38). The third case, by
enlarging the data base, serves the joint purpose of illustrating the seismic
resistence of two different distinct types of support conditions, while
providing additional data to aid in the analytical applications studies. a
sketch of typical support, T9, is provided in Figure 4-7.

Testing was performed almost exclusively with site supplied hardware.
Due to shortages of necessary details, locally supplied hardware was used,
however, only site representative vendors were utilized. All the test samples
incorporated various representative in situ details which were determined to
be particularly sensitive to the increased motions of unbraced systems.
Table 4.4 provides a list of typical features simulated. Typical connections,
anchors and tray fasteners tested are shown in Figures 4.8 a, b and c.
Further, in addition to these representative in situ simulations, several
items were maximized for conservatism and margin. In addition to the reduced
bracing previously mentioned, the primary features were: a) the use of all
trays at a forty percent fill (by area), and b) the use of a maximum cable
tray support spacing (10 feet in lieu of typical 8 feet or less).

All testing was performed using an envelope spectra. Thus, the Test
Response Spectra (TRS) generated to envelope the Operating Basis Earthquake
(OBE) and the Safe Shutdown Earthquake (SSE) envelope all applicable site
conditions. This is extremely conservative and it must be remembered that at
certain elevations, locations and directions in the plant, the local Amplified
Response Spectra (ARS) is enveloped by a fraction of the plant envelope TRS.
In some cases, the TRS which represent only one-third to one-half of the
"Site-Envelope™ ARS will, in fact, envelope the applicable design ARS.

Testing to the rull ARS, then, can provide significant margin.
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The use of envelope conditions (maximum cable
spacing and envelope spectra) were selected to

load, maximum support

give the testing program the

most flexibility and broadest applicability possible. The program objective

is to envelope the behavior of as many supports as possible.

The comparison
of typical conditions (vs.

envelope conditions) is identified in Section 3.

4 1.3 Connection Tests

Load deflection stiffness tests and cyclic fatigue connection tests of

key representative connections have been performed

as an integral part of the
qualification program. The

connection tests were developed to study the
performance of typical cable tray support connections and to provide data to
refine modeling techniques, and est ‘blish

appropriate conrection stress and
rotation limits.

Connection test plan is found in Reference 4.
established in past Bechtel Raceway Testing
the primary connections

It was
(Reference 6) that the behavior of

is a key parameter in determining the system behavior

of Cable Tray Support Systems. As discussed earlier in Section 3, the data

collected is used as input to the cable

tray support analytical application
models.

Specifically, spring rates are developed to model these connections in

various finite element models. Three test types were performed:

© Moment resistance as a fuaction of angular rotation (M versus 0).

o Load resistance as a function of deflection (P versus ).

o Cycles to failure at selecied values of
versus 0).

angular rotation (N

The connections tested are shown in Figure 4-9. These connections are

representative of the anchor connections found in the field
during the shake table testing.

and simulated

The test setup is shown in Figure 4-10.

The connection test system
consists

of a rigid vertical surface to which sacrificial plate and strut

assembliec can be attached horizontally (as shown) or vertically, permitting
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testing of each anchor detail its principal axes. The following equipment is
required:

© A double acting hydraulic cylinder (6.81 hydraulic gain coupled to
a4 1/2 gpm 800 psi hydraulic pPower supply to provide forcing in a
horizontal plane.

© A stiff member (6 inch x 6 inch x 1/2 inch) to limit strut
deflection.

© A load cell to sense load.
© A linear potentiometer to sense deflection.

0 A mechanical force gauge to sense a)plied axial load and a group of

tension springs to apply that load.

4.1.4 Coordination With Bechtel Raceway Support Program

New Hampshire Yankee is alsc a member of the Bechtel Joint Owner's
Group and therefore the data from Raceway Support Program (Reference 6) is
coordinated with the Seabrook testing. Bechtel (Reference 5) previously
revieved the proposed Seabrook design and evaluated the design for
applicability of the test data. Because of the generic nature of the data, it
was determined that the Seabrook design was bounded, and the data was
applicable. This data has been presented to the NRC and their initial

concurrence received in May 1985 (Reference 7).

The design damping curve for the Seabrook Project (Figure 4.11) was
developed from the results of the Bechtel sponsored, “"Cable Tray and Conduit
Raceway Test Program™ performed by ANCO Fngineers, Inc. To date, in excess of
2,000 dynamic tests have been performed as part of the Bechtel Cable Tray
Testing Program. Numerous tray support systems have been tested and the
effects of a broad range of parameters have been investigated. Flexible as
well as rigid support systems have been tested. Results of these tests have
demonstrated that the Cable Tray Support System damping is greatly influenced
by the amount of motion of cables in the trays. During the Cable Tray Test
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Program two distinct nonlinearities associated with tray system dynamics were

observed. These were: (1) inelasticity of joints and (2) amplitude
fricticnal lesses due to cable vibration.

fependent
Despite these nonlinearities,

of amplitudes indicated distinct

degraded only with substantial changes in
amplitude and a significant number of cycles of loading.
recommended to evaluate tray system
model.

observed resporses over a wide range
vibrational modes whose frequencies

Consequently, it was
responses with a linear finite element

For linear dynamic structural analysis, the effects of the various

mechanisms which tend to dissipate the energy of a system are
together in a single factor known
velocity

typically lumped
as the effective viscous damping. This

dependent parameter is commonly quantified by means of dynamic
testing, and can include

the effects of many energy dissipating mechanism-,
such as friction and slip in bolted connections,

energy away from foundations, and others.

hysteresis, radiation of

The predominant

energy dissipating mechanism observed during the Cable
Tray Test Program was the vibration of the cables.

A significant amount of
enevrgy was absorbed as a result of friction between adj

between cables and trays.
each tested system,

acent moving cables and
An equivalent viscous damping was calcuiated for
based upon the recorded dynamic input and response. A

detailed discussion of the damping computations can be found in the test
report (Reference 6).

The individual damping values clearly
cable tray

damping.

demonstrated that the tested
supports comprise a dynamic system with high equivalent viscous

Results from tests of many support types and configurations are
included in the data, but in the interest of providing a generic design

damping curve, the conservative bound of the accumulated test data,

represented as a bilinear curve, was utilized.

Variations in support rigidity did not significantly impact the system
damping, that is, damping data in excess of Figure 4-11 was still realized.
The effect of the cables on damping is

acceleration levels.

heightened with increased input
When cable trays are lightly loaded, or

when the system




is subjected to low input acceleration levels, the measured damping approaches
the values in NRC Regulatory Guide 1.61 for bolted structures.

The tested support systems were constructed using standard cold-formed
struts and standard bolted fittings from a variety of manufacturers. Cable
trays and fittings for the tests were provided by several manufacturers,
including Metal Products Corporation, which is the sole supplier of cable
trays for Seabrook. Tests include. trapeze supports of varying height and
with various transverse and longitudinal bracing configurations and rigid

supports. Cable loading ranged from 0 to 50 pounds per foot.

The fundamental frequencies of the tested support configurations were
found to be in two ranges: the more flexible support systems had fundamental
frequencies of 2 to 6 cycles per second (CPS); the more rigid support systems
had a range of 9 to 25 CPs. The latter frequency range results primarily from
tray variations, as the supports themselves were rigid.

The wide variety of the tray types and support configurations included
in the test program simulated actual field installed conditions. A large

nurber of variables were investigated, including:

Types and manufacturers of trays

- Type and size of tray supports

- Location of tray splices

- Number of tray tiers

- Configuration of support systems

- Type and spacing of transverse and longitudinal bracing

- Weight of cables

- Cable ties
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Extensive dynamic testing of the effects of these and other variables
has produced voluminous raw data, which has been summarized in the test report.

In view of the scope of the test program, it has been concluded that
the tosts simulate actual field conditions, and that the results ace
applicable to the design of comparable tray support systems.

The testing program clearly demonstrated that a significant portion of
the support system damping was a product of cable motion and the resulting
friction between cables and between cables and trays. Therefore, in order to
assess the compatibility of the Seabrook system and the tested system, the
frequency and general characteristics of the Seabrook system have been studied
to determine whether they fall within the bounds of the test program, thereby
providing assurance that the cable motion necessary to produce the predicted

damping will occur.

As a result of the Bechtel Application Study, the generic results of
Raceway Test Program have been applied to the Seabrook Station. The more
important conclusions are tabulated below (Reference 6).

a) Cable Tray Raceway Systems have damping that ranges from 15 to 50
percent for trays with cable loading from 20 to 50 #/ft. Below 20
#/ft, a reduction in damping is observed. The lowest damping was
for unloaded trays which have damping more closely approxinately
the 7 percent permitted for bolting steel structures by USNDC
Regulatory Guide 1.61. Input motions (both vertical and
horizontal) excite cables within the loaded trays and causec them to
move relative to the tray. This movement is either a bouncing or
sliding of the cable within the tray. The motion of the cables
appears to be on¢ of the energy absorbing mechanisms that
contributes significantly to the high damping valves.

b) Damping tends to incresse with increasing input. At response
levels anticipated during strong earthquakes (0.2g and greater
SSE), raceways are so highly damped that they respond to a broad
band energy input rather than to a narrow frequency band energy

charactoristic of a resonance condition.
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¢) Anchor point flexibility, as determined by the connection details,
can be more important than the flexural stiffness of the struts in
determining lateral frequency of systems. This indicates that the
tested connection details result in a partially-fixed condition at
the anchorages. This partial fixity at the anchorage and hanger
flexibility can cause a significant contribution by pendulum

restoring forces in very long rod hangers and, to a lesser extent,

in long strut hangers.

d) Resonant frequencies were found to be dependent upon input level,
the majority of the stiffness (and frequency) reduction occurs at

input levels less than 0.5g.

e) Typically, cables do not appear to influence overall system
stiffness and consequently only the mass of the cables need be

considered in computing system dynamic responses.

The recent shake table testing of the Seabrook support systems
reinforces the inclusion of the Seabrook system. Using site supplied hardware
and simulated configurations, similar system conclusions and damping data (see
Section 4.2) were obtained. Therefore, the entire Bechtel data base, in
addition to the Seabrook test data can be applied to system evaluations at
Seabrook. The actual damping values to be used at Seabrook as presented to

the NRC this past May (Figure 4-11) remains the same.

4:.1.5 Analytical Applications Program

To evaluate support configurations that are larger or arranged
differently, but behsviorly similar to the tested configurations,
qualification analyses will be performed. These analyses will include
parcmeters derived from test data review, as described in Section 4.2.3. As
discussed in Section 3, envelope analyses will be used as much as possible,

however, all supports will be individually evaluated.

Implementation of the analytical applications program will be performed
on an individual support basis. Table 4.4-a summarizes the implementation

phase of the qualification program.
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As-constructed details of each support will be compared to the envelope
configurations to assure that the support's geometry and behavior is
adequately bounded by one of the envelope configurations. For any support
that cannot be bounded, specific support analysis will be performed.

Displacement values obtained from the analysis will be reviewed against
each support as-built, Displacement effects such as cable termination will be
evaluated during plant walkdowns. If displacements are unacceptable, the
reanalysis of the bounding configuration, based on reducing conservative
parameters, may be required. If the reanalysis does not reduce displacements
to acceptable limits, modifications to the support may be required.

4.2 Program Results
2.1 Dynamic Test Results

The seismic simulation tests (Cases A, B and C) have been completed.
Currently, the test lab vendor has not yet issued a test report and all the
test data presented in this Sumaary report are preliminary. One item to note
prior to any discussion of the results is a discussion of the Test Response
Spectra (TRS) and it's relative magnitude in comparison to the Required
Response Spectra (RRS). TRS typically did not closely envelope the shape of
the RRS at all frequencies. Figure 4-12 represents a typical TRS versus RRS
comparison plot. The TRS is very broad and contains greater energy thar the
RRS. This, of course, is very conservative, however, it must be remembered
when one describes a TRS as equal to an SSE or an 1/2 SSE, this relates only
to a peak to peak comparison. In addition, although not a complete site
envelope spectra. the RRS can possess significant margin when compared to
specific site locitions. For example, Figure 4-13 depicts a "70%" SSE TRS
versus the control building ARS (E-w, elevation 21'6" to 50'). The test
enveloping is very conservative. The above building ARS may also be

subdivided into area local ARS which further increases the conservatism of the

test envelope.

The primary results of the seismic simulation tests is as follows:

™
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During the Cable Tray Test Program, two distinct nonlinearities
associated with the tray system dynamics were observed. These
were: a) joint inelasticity, and b) amplitude dependent frictional
losses to cable vibratica, friction, etec. Despite these
nonlinearities, observed responses over a wide range of amplitudes
indicated distinet vibrational modes thereby allowing the use of
linear finite element models to evaluate tray system response.

With increasiug levels of input, damage was observed. Table 4.5
illustrates representative damage as a function of percent SSE
input for the "non fatigue" earthquake testing. Recall, however,
the conservativeness of the SSE enve'lLpe RRS and the TRS enveloping.

All primary connections survived all testing, thus ensuring overall

system integrity.

The measured damping for all the earthquake testing was in excess
of 20% critical. Tables 4.6 and 4.7 provide a summary of a portion

of the available data.

The tested cable did not exhibit any physical wear or damage. No

loss of continuity was observed when monitored.

The overall integrity was demonstrated for the three test samples

in both braced and unbraced configurations.

Displacements in excess of those predicted by analysis were
recorded in the three test cases. Table 4.8 provides a summary of
the maximum support displacements (relative to the test table) due
to "SsSE" testing for Cases A and B. Case C, although not shown,
was less than Case A or B. For illustrative purposes,
representative displacements are also provided for Case A. These
are displacements due to the TRS input shown in Figure 4-13.

Horizontal brace loads were more effective in resisting seismic
loads than the diagonal braces. Table 4.9 illustrates the

degradation of the braces during fatigue testing. The degradation
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stems primarily from the geometry of the connections for diagonal
braces and the fact they are two-bolt clips. It should be noted,
however, that (1) the diagonal braces in Cases B and C (which were
used with horizontal braces) proved to be more eff2ctive and

(2) the TRS conservatively enveloped the SSE envelope RRS.

9. Fatigue testing (at the envelope OBE) did soften the system and
effect load distribution. However, overall integrity was still
maintained. At this point, preliminary data would indicate that
bolt loosening and brace behavior are the two primary items
effected by fatigue testing. It should be noted, however, that
interpolations to the effects of lower, location specific, OBE
tests have not been performed.

Tl Connection Test Results

As introduced in Section 4.1.3, representative connections were tested
to obtain rotational and translational stiffness data, in addition %o cyclie
fatigue data. The data was required to a) assist in the development of finite
element models of the shake table test samples and the Seabrook installations
and to b) to establish performance requirements.

A sample moment-rotation curve for the 4-bolt gusseted angles
(Detail 330U, Figure 4-8a) is provided in Figure 4-1a. This data is typical
of the connection tests in that it demonstrates: (a) connection nonlinearity,
(b) ductile behavior and (c¢) a significant connection moment capacity. These
results are very similar to the results of various pPast connection tests
performed by Bechtel (Reference 6). The fatigue tests document the large
number of cycles these connections can undergo. This, also, was demonstrated
in earlier Bechtel testing. The Seabrook data enlarges the data base and
results in conservatiie predictions of connection fatigue performance for
Seabrook. The typical shape of a fatigue plot is shown in Figure 4-15. The
number of cycles to failure (N) is depicted as a function of a constantly

applied rotation ( ).
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4.2.3 Analytical Applications Program
4.2.3.1 Analysis of Test Samples

The analytical modeling of the four test cases is an integral step in
the qualification of the in situ cable tray

Supports at the Seabrook Station.
The shake table

test data will be combincd with the connection test data and

used to demonstrate that the refined analytical models will enable realistic
system evaluation.

As discussed in Section 4.2.1, the shake table test program
demonstrated two distinct features associated with the Cable

Tray System
dynamics which must be addressed:

joint flexibility and amplitude dependent
frictional losses due to cable vibration, etec. Analytically, the treatment of

amplitude dependent frictional losses will be approximated by the use of
realistic damping values. Joint flexibility is also be included in the
analytical models to properly predict system behavior.
rotational flexibility of the primary

Most important is the
overhead connections and at the internal
connections (at the junction of the horizontal

and vertical members). Also,
the axial stiffnesses of the

brace connection hardware is necessary. The

connection test results will be the primary source of input in the

determination of these spring rates.
Figure 4-1¢

A typical support model is shown in
This figure depicts one support, in general,

multi-support finite element models will be used.

three dimensiona.

Linear finite element models have been enveloped for test Cases A, B

and C. Preliminary spring rates have been developed for the connections and

have been inserted into the finite element models to simulate joint behavior.

Tables 4.10 and 4.11 demonstrate the

closely correlate with test results.

ability of the analytical models to

All the models represented in these two
tables utilized identical spring rates,

consistency of the techniques involved.

srrings in the finite element models,

therefore demonstrating the

Other than incorporating these

the modeling techniques are unchanged
with relation to existing project techniques.

System damping, in addition to
joint behavior, will be

incorporated in the modeling process to access these
system responses. Preliminary

previously described springs r

analysis has demonstrated that the use of the
1t in a system which partially resists
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lateral loads by framing action and partially by the lateral braces. Unbraced
systems resist the entire load by framing action.

The correlatior of the test and analysis illustrates the effectiveness
of the refined modeling techniques to predict the dynami- properties of these
representative models. The correlation of analysis and test results for the
test sample effectively serves as a program link which combines the connection
tests and shake table tests. The correlation demonstrates the importance of
the connection behavior, validates the refined analysis modeling and provides
the data required to establish a connection performance criteria. The
evaluation of the Seabrook supports requires the conservative establishment of

a criteria to assess the joint behavior which must be added to the existing

criteria.

4.2.3.2 Analysis of Supports at Seabrook Station

The Seabrook dynamic tests (Section 4.2.1) clearly demonstrated the
inherent seismic capacity and energy absorption capabilities of the tested
Cable Tray Support Systems. As stated earlier, these three samples were
selected for dimensional, behavioral and quantity reasons. All the system
geometries that are installed in the plant, however, may not be bounded by the
three tested samples. This necessitates a thorough analytical applications
program, wherein the support systems not already geometrically bounded can be

evaluated.

The shake table tests presented a bounding condition within the limits
of the test facility. The tested geometries were subjected to seismic inputs
in excess of plant envelope conditions, braced and unbraced conditions,
maximum cable loadings, maximum support spans, maximum suppor* widths,
hardware variations, etc. These severe conditions and the ensuing performance
are indicative of the available margins exhibited by the test samples. It is
felt that the test samples were subjected to response levels (stresses,
strains, replacements, etc.), which will envelope the large majority of site
conditions. Thus, the primary purpose of the analytical applications program
is to evaluate the plant conditions to assure that the acceptable response
levels demonstrated will not be exceeded. As discussed in Section 3, the
existing plant evaluation methodology must be slightly amended to accomplish
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thic tasv The details of the amendments necessary to evaluate the
connections is described in the following paragraphs.

As the existing project criteria doer nct address certain joint
flexibilities, we are proposing to add a criteria to document the inherent
flexibility of some of the key connections of the support systems. The use of
connection springs in raceway-modeling has been implemented previously by
Bechtel in conjunction with the Bechtel Raceway Test Program (Reference 6) and
has been reviewed and accepted by the NRC staff. The NRC staff has considered
Bechtel submittals of design guides, sample calculations, sample computer
models, etc., in their past reviews. References 8 and 9 document past NRC
programmatical acceptance in the form of plant Safety Evaluation Reports
(SER). Because the connection springs represent a new feature in the Seabrook
analysis program, an acceptance criteria consistent with the existing ecriteria
is required. The nature of the connection's behavior and cyclic loading
requires an evaluation of not only the allowable load and displacement, but
also an evaluation of the connections fatigue capabilities. This is, again,
in conformance with past methodologies utilized by the Bechtel Power
Corporation. Detailed methodologies have been submitted on several c-casions;
and therefore, only a brief summary is provided here.

A sample behavior of a typical cable tray support connection is
illustrated in Figure 4-14. as presented, there is typically very ductile
behavior and substantial reserve capacity. The criteria proposed for the
analytical applications program would conservatively neglect these
attributes. Connection moments would be limited to seventy percent of the
test maximum and rotations would be limited to a value of (emax/2). The
connection spring stiffness.K;. is a conservative application, as it is
underestimates, joint strain energy capacity. This is because as soon as the
moment acceptance criteria (=70% "nlx) is exceeded, the response is

considered unacceptable.

In addition to the above stress and strain criteria, a fatigue
acceptance criteria is imposed. Since the Bechtel methodology has previously
been reviewed in detail, only a summary is provided herein. Figure 4-15
illustrated a typical relationship for cyclic fatigue resistance of a typical
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connection. Values of cycles to failure is plotted against rotation. These
values are derived from the connection cyclic tests previously described
(Section 4.1.3). The application of this evaluation criteria can be best
demonstrated by the use of an example. The values provided are illustrative

and not based on actual calculations.

Example:

o

A typical Cable Tray Support System is modeled and a2nalyzed by the
response spectrum technique. Key member stresses, ete., are
evaluated by existing project criteria. In addition, a typical
anchor is evaluated as follows. The fundamental frequency in the
direction of interest is 5 CPS. The earthquake is characterized by
15 sec strong motion.

Anchor rotation,© » from analysis, = 0.01 rad. (See Figure 4-17.)
K-IN

Anchor moment, M, = KQG = 28

Check rotation: o = .01 <1 oK
Qa1 .015

Check moment : M =28 «1 0K
Mall 42

Check fatigue:

©,SSE = 0.01 rad =Ny, = 1500 cycles

BE
€©,08BE, = 0.007 rad - Negp = 2000 cycles
N = 15 sec x 5 cycles/sec = 75 cycles/earthquake
cycles
SNosE + ¥ese - 3(75) + 1(75) = 0.25 + 0.075 = .238 .". OK
Boor - Boo 2000 1500

s,



Again, this typical connection evaluation vould only be used to
supplement existing criteria, as outlined in Section 3.3,

4.2.4 elope Ana cal Configurations

Analytical models developed to evaluate the cable tray supports at the
Seabrook Station will utilize the criteria identified in Sections 3 and
4.2.3.2. Because of the similarity reflected in many of the supports,
enve cpe models will be generated initially. As discussed earlier, the
qualification program for individual supports will initially entail a review
using test and envelope analysis results. Supports not qualified in this
fashion will utilize individual evaluation.

The envelope ana.;L cal models discussed above have *een generated from
the results of a site walkdown. This site walkdown was per’' .rmed by a teum of
engineecs from YNSD, UE&C and Bechtel, who were familiar with both the testing
program and the Seabrook cable tray layout. The purpose of the walkdown was
to identify bounding support configurations which were not geometrically
enveloped by the tested configurations.

The walkdown was conducted throughout sevss “w.ldings including the
Control Building, Containment Structure, Primary Auxiliary Building,
Electrical Tunuel and the Main Steam Pipe Chase. Table 4.12 identifies the
building, elevation and cable tray layout drawing utilized in the walkdown.
Each of these drawings were subdivided in areas and assigned numbers. A
walkdown data sheet, Figure 4.18, was used in each of these areas to record

the following data:

© Configuration Description (as defined by the Cable Tray Notes and
Details Drawing X300229).

©  Number of typical support types.
] Number of tray tiers.

o Estimated height of the support.
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© Estimate width of the support.

©  Support spacing.
© Estimated cable fill.
© Type of connection used at the building attachment.

© Other considerations (custom configuration, miscellaneous

attachments and close proximity items).

As a result of the walkdowns, twelve bounding configurations were
identified for enveloping analysis. These configuratious are representative
of the support types, size and loading in the buildings under consideration.
Each of these configurations will be analyzed using data obtained from the
test to determine system response and load path distributions to primary
support and bracing members. Figure 4-19 depicts the configurations to be
modeled for the initial phase of the analytical applications program (see

Section 4.2.3.2).
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5.0 CONCLUSIONS

S2ismic qualification of cable tray supports in seven seismic Category
1 buildings will be completed by refining the existing project analytical
methods. These refiner~nts are:

(1) A percentage of the supports will be qualified by proof testing.

(2) Actual connection properties determined by tests will be
incorporated into the analytical models. The connections will not
be treated as pins but instead will have rotational translational

stiffness values assigned to them.

(3) The existing acceptance criteria will be amended to include
additional test performance data.

The testing program has demonstrated that typical Seabrook tray systems
exhibit sudbstantial seismic capacity. The severity of the tast conditions in
terms of substantial seismic input levels, maximum tray loading, maximum
support spacing and light bracing schemes, provides a high level of confidence
that the vast majority of the support installations will be seismically
qualified in their existing state.
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TABLE 4-1

IEST SEQUENCE - case

Preliminary testing., low level randoms
input to determine frequencies, mode
shapes and damping ratios

Earthquake testing of configuration A at
(3) fracticnal sSsp input levels ana (1)
full level ssE.

Fatigue testing of configuration A; five
OBE level events followed by a single SSE
leve) event

Remove al} bracing from test configuration.

Preliminary testing, low level random
finput to determine frequencies, mode
shapes and damping ratios

Earthquake testing at SSE level and at
lev2ls exceeding SSE level.




FABLE 4-2

Preliminary testing, low level randonm
input to determine frequencies, mode
shapes and damping ratios

Earthquake testing of configuration B at
.(2) fractional SSE levels and (1) full
level SSE.

Fatigue testing of configuration B; five
OBE level events followed by a single SSE
level event

Earthquake testing of configuration B at a
level exceeding the SSE level

Remove all bracing from test
configuration. Preliminary testing, low
level random input to determine
frequencies, mode shapes and damping
ratios. -

Earrthquake testing of unbraced
configuration at SSE level.

Disconnect bottonm connections at ‘floor to
floor' supports. Preliminary testing, low
level random input to determine
frequencies, mode shapes, and damping
ratios.

Earthquake testing of unbraced
configuration at SSE level



TABLE 4-3

ST NCE - S

Preliminary testing., low level random
ioput to determine frequencies, mode
shapes and damping ratios

Earthquake testing of configuration C at
(2) fractional SSE levels and (1) full
‘level SSE

-

Fatigue testing of configuration C: five
OBE level events followed by a single SSE
level event

Earthquake testing of configuration ¢ at a
level exceeding the SSp level

Remove all bracing with strut connection
hardvare. 1Install longitudinal braces
between S3 & S4.Install transverse brace
at 53 with welded connections.
Earthquaking testing at SSE level.

Remove all bracing. Earthquake testing at
SSE level.



TABLE 4-4

AR S _IN- I

Site supplied materials (strut, bhardwvare,
cable ties, etc.)

Typical wireway attachments

.Altotnato tray hold down hardware
Mixing of tray hold down hardware
Eccentric connections

Vendor variation of connection fittings
Standard primary connections

Tray type variation

Cable ties

Cable tray voltage levels

Vendor variation of strut nuts

Typical cable tray splice and cover details

Variation of horizontal brace connection
details

Cable tray elevation transitions
Cable tray direction transitions
Conduit to cable tray interface details

Forty percent cable tray fill (by area)

Bolt torque values




CABLE TRAY SUPFORT
QUALIFICATION PROGRAM
IMPLEMENTAT ION

IDENTIFY SPECIFIC INSTALLATION
FROM AS-BUILT DRAWINGS

TRUCTURAL ACCEPTANCE CRITER]

L

TESTED CONF IGURATION

ENVELOPE ANALYTICAL
CONF IGURAT 10N

—

UNIQUE ANALYSIS

ASSESSMENT OF SYSTEM
~ COMFONENT INTERACTION
N;’ERM//

IMPACT WITH
ADJACENT COMFONENT

INDUCED LOAD ON
COUPLED COMPONENT

:

COMPLETE FINAL

CABLE INTEGRITY

—$ QUALIFICATION |4
DOCUMENTAT 1ON

TABLE 4-4a




TABLE 4-5

OBSERVED PERFORMANCE (REPRESENTATIVE)

Approximately 4ou SsSE Input Level

© No visible deformation of connection
hardwvare .
° Isolated bolts lese scme torque

Approximately 60 to 70% SSE input level
o No visible deformation of connection

hardware
© A few bolts lose gome torque

° Isolated bolts (vypically diagonal braces)

become loose
Approximately 90\ &3E input level

o Isolated 'Z-clip' deformatior

° Slightly more bolt loosening than previous

category (a few bolts become loose)
Approximately SSE input level

o Cable tie breakage

© Multiple *'Z-clips* deform

o Acute brace clip angle deformation or
fracture ’

o 1" @ conduit clamp movement

o Tray slippage (w/mix cf bent anJ'Z' clip
usage)

Approximately 100% to 130% SSE input level

Many cable ties break
Overhead gusseted angle weld fracture
Overhead P1000 deformation

Vertical slippage of horizontal member
Minor horizontal member rotation
Isolated internal connection visibly
deformed

Diagonal hrace and overhead connection
bolts ioSe gome torque

coo0oo0o0o0



TABLE 4-6

DAMPING - CASE A

LONGITUDINAL TRANSVERSE

TEST

7.3.1.2.6 - PARTIAL SSE 227 36%
W/BRACING

7.3.3 - OBE W/BRACING 22% 25%

7.3.7 - SSE AFTER (5) 232 27%

OBE W/BRACING




TABLE 4-7

DAMPING - CASE B

TEST LONGITUDINAL TRANSVERSE

7.6.0.1 - PARTIAL SSE 302 27%
W/BRACING

7.6.2 - OBE W/BRACING 32z 28%

7.6.7 - SSE AFTER (5) 33v 2

OBE W/BRACING




TABLE 4-8

MAXIMUM DISPLACEMENTS

BRACED
BRACED UNBRACED (FATIGUE)

LONGITUDINAL 4.3" S.2" 4.6"

CASE A
TRANSVERSE 2.0" 5.2" 3.8"
LONGITUDINAL 1.6" 4.0" 2.0"

CASE B
TRANSVERSE &.7" q4.6" J.0"

REPRESENTATIVE DYSPLACEMENTS

CASE-A (BRACED)

TEST - 7.3.1.2.7

LONGITUDINAL

1.92"

70% SSE)

TRANSVERSE

0.%6"




TABLE 4-9

HORIZONTAL BRACE VS. DIAGONAL BRACES

SUPPORT #1
CASE A - DIAGONAL BRACE
CASE B - HORIZONTAL BRACE

TEST CASE A CASE B
OBE #1 3800# 4000#
OBE #2 3000# 3300#
OBE #3 1000# 3000#
OBE #4 SO0# 30004
OBE #5 SO0H 3000#
SSE 7504 45004




TABLE 4-10

FUNDAMENTAL MODE COMPARISONS
(w/o Bracing)

DIRECTION FREQUENCY
ANALYSIS TEST
A Longitudinal 2.0 1.8
Transverse 2.5 2.6
B Longitudinal 3.4 2.9
Transverse 4.2 4.3
TABLE 4-11
FUNDAMENTAL MODE COMPARISONS
(w/ Bracing)
TEST DIRECTION s FREQUENCY
ANALYSIS TEST
CASE A Longitudinal 3.6 3.3
Transverse 5.4 2.7
CASE B Longitudinal 5 . 3.6
i Transverse 5.2 6.0
CASE C Longitudinal 51 5.8
Transverse 5.1 5.6




TABLE 4-12
Th. following cable tray layout dravings were used during the valkdown:

Control Building

EL 75 DWC 110444

EL SO DWG 310452

EL 21'-6 nUC 310451
Main f.eam Chase

EL 0'-0" DWG 310685

Ccntainament Structure;

EL (=) 26'-0 DWC 310607

DWG 310606
DWGC 310608
Electrical Tunnel “A" Train
EL 0'-0" DWG 310453
DWC 310466

Electrical Tunnel "“B" Train

EL (-) 20'-0 DWG 310454

DWC 310469
Primacry Auxiliary Building

EL (=) 26 DWGC 310781
EL (=) 8 DWC 310782
EL 7 DWG 310783

DWG 310784
EL 25 DWG 310785
EL 53 DWG 310787

DWC 310788



FIGURE 4-1 TEST CONFIGURATION (CASE A)




FIGURE 4-2 TEST CONFIGURATION (CASE B)
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FIGURE 4-5 TEST CONFiGURATION (CASE C)



FIGURE 4-6 TEST CONFIGURATION (CASE C')
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FIGURE +-13 - TRS vs. RRS COMPARISON @ 7% DAM?ING
TRS - TEST #7.3.1.2.7 - APPROX. 70% SSE
RRS - SEABROOK E-WSSE CONTROL BLDG: ELEV 21'6"-50'0"

4
= . )
— / k— TRS
: i \
- r
W Bl pie &%
:: / \ .
< /7 |4 \
f
oo *r— 441

FREFOUENCY {CPS5)



s

oy’

(nacg)

sot’

107d €@ "SA W
1531 NOILIINNOD 3ATLVINISI¥dIY -

(pe3) wojamioy
0o’

vi=% 3UN914

s’

13

"!‘-

L

o5l

on

e

LY

U

L]

(‘o( X J41 ~ ¥]) 3mwoy



Roﬂm on ’
(SN

-

N, CYSESTe

Cowvec~ o Fa.uee

Flocae 6.8 TTypicae N-© cueve







Momes T (l‘ w)

() ? :

Lk‘zo:ut-ml ey M-
I \
l
l
I
|
|

e-m.'.os o
CTCL(S
(N)
oy O TS

Rovtrion & (rad)

Fiquee 4-\1 'TTPN—AL
CountcTion Benayioe



L]

10/24/85

~ PREPARED 8Y: um
AREA A-Irain DWG. ¢ 310453 CHECKED BY: AXD 10/24/85
CONFIGURATION ¢ or SUPPORT CABLE BUILDING
."CIl!!l“ th'ﬂ TRAYS BEICHT WIDTH SPACING FILL X ATTACHMENT OTHER
T7 11 23 ' 10 50 Boot
Tl 11 18 » 9 50 Boot

ITEMS TO CONSIDER FURTHER (eg. proximity fssues, custom supports)

4" B X1S Conduit 1is supported by tray supports approximately 8" above the floor.

TYPICAL WALKDOWN DATA SHEET

FIGURE G-18
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The following models will initiate the program.

All models will be included w/ and w/o bracing.

MODEL 8 CONFIGURATION
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+ 2D
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15' Depth

COMMENT
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80' Length
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Study, Investigate
Loads Distributed
to the Vertical
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Supplemental Steel
Study
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to Tld4's in model
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APPENDIX A

4.0 A COMPARISON OF CABLE TRAYS AT THE SEABROOK NUCLEAR STATION WITH
THE SEISMIC EXPERIENCE DATA BASE

The seismic capacity of cable tray systems at Seabrook Station is
assessed through a study of comparable cable tray systems that tuve
experienced strong motion earthquakes. The excellent performance of
cable tray systems that have experienced seismic motion in excess of the
Seabrook design-basis safe shutdown earthquake (SSE) provided the basis
for this study.

The experienca of cable tray systems in past earthquakes is extracted
from the data base of earthquake effects to power and industrial
facilities, compiled by EQE Inc., under the sponsorship of the Seismic
Qualification Utilities Group (SQUG). This experience data base,
encompassing approximately 20 facilities and a tota) of eight major
earthquakes, includes a diversity of cable tray systems. The total data
base inventory includes on the order of 10 miles of cable trays which
experienced strong motion earthquakes. This inventory of data base
cable trays covers a wide range of structural types, support
configurations, cable tray system layout, locations within buildings,
and seismic input loads. Most of the sites surveyed in compiling the
data base experienced ground moticn comparable to or in excess of the
Seabrook Station safe shutdown earthquake. Within the experience data
base there is only one instance of seismic damage to a cable tray
structure. This single instance of seismic damage was to an
exceptionally weak, atypical cable tray support structure subjected to
high seismic load.

Normal industry practice in the construction of cable tray systems does
not include a specific design for seismic loads. Cable tray support
structures (outside of nuclear plants) are normally designed to
accommodate gravity load only. In spite of this fact, the performance
reccrd of cable trays in past earthquakes is excellent. Cable tray
systems display a large margin for the absorption of seismic loads
without damage. This inherent seismic margin in cable trays does not
appear to be sensitive to variations in cable tray construction, layout,
or seismic input.




The purpose of this comparison of cable tray systems in Seabrnok Station
with cable trays in the seismic experience data base is to illustrate
the following points:

e The seismic experience data base includes all parameters
associated with the ability of cable trays to resist
seismic loads.

s The parameters associated with the seismic capacity of data
base cable trays envelop the parameters of Seabrook Station
cable trays, i.e., data base cable trays range from similar
to weaker when compared to Seabrook cable trays.

In most cases data base catle trays have experienced
seismic loads comparable to or in excess of the design
basis seismic loads for Seabrook cable trays.

Cable tray systems constructed according to normal industry
practice, even with .t specif.c provisions for seismic
loads, are sufficien. to withstand earthquikes in excess of
the seismic design basis for Seabrook Station.

The diversity of critical parameters encompassed by the
cable tray data base demonstrates that the capacity to
survive earthquakes is not sensitive to minor variations in
the details of cable tray construction or layout. For this
reason cable trays are generically adequate to sustain
moderate seismic loads (such as the design basis for
Seabrook Station), as long as their construction conforms

to or exceeds normal industry practice.

4.0-1 The Seismic Experience Data Base

Details of the performance of cower and indust "ial facilities in past
earthquakes have been compilet into a seismic experience data base by
EQE. The primary sponsor for e compilation of this data base has been
the Seismic Qualification Utilities Group (SQUG). The SQUG was
organized in 1981 by a group of electric power utilities with operating
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nuclear plants. The primary purpose for the organization of the SQUG
was to develop a program to address Unresolved Safety Issue A-46, the
potential seismic hazard to critical equipment in operating nuclear
plants,

The basis for the SQUG program was to determine the realistic seismic
hazard to the equipment installations of nuclear power plants, based on
the experience of facilitiec with comparable installations in past
earthquakes. Very few components of critical nuclear plant systems are
specific to nuclear facilities. Critical nuclear plant systems include
electrical switchgear, control panels, motor-operated valves, pumps,
piping, ducts, conduit, cable trays, etc., all common components of
conventional power plants and large industrial facilities.

Strong motion earthquakes frequently occur in California and Latin
American Countries, where power plants or industrial facilities are
included in the affected areas. By studying the perfcrmance of these
earthquake-affected (or data base) facilities, a large inventory of
various types of equip~ent can be compiled that have experienced
substantial seismic motion. The ground acceleration experienced at
most data base sites, measured by nearby ground motion records, is
comparable to or in excess of the seismic design basis for most eastern
United States nuclear plant sites.

The primary purposes of the seismic experience data base are summarized
as follows:

e To determine the most common sources of seismic damage, or
adverse effects, on facilities that contain installations
representative of critical nuclear plant systems.

e To determine the thresholds of seismic motion corresponding
to various types of seismic damage.

e To determine the types of installations that are normally
undamaged by earthquakes, regardiess of the levels of
seismic motion,
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e To determine minimum standards in equipment installations,
based on past experience, to assure the ability to
withstand anticipated seismic loads.

To summarize, the primary assumption is that the actual seismic hazard
to nuclear power plant installations is best demonstrated by the
performance of similar installations in past earthquakes.

4.0-2 Faciliti rv i iling th

The seismic experience data base is founded on studies of over 60
facilities located in the strong motion areas of 10 earthquakes that
have occurred in California and Latin American countries since 197].
The data base was compiled through surveys of the following types of
facilities:

s Fossil-fueled power plants

e Hydroelectric power plants

e Electrical distribution substations

e 0il precessing and refining facilities

e Water t-eatment and pumping stations

e Natural gas processing and pumping stations
s Manufacturing facilities

e Llarge commercial facilities (focusing on their HVAC
plants).

In general, data collection efforts focused on facilities located in the
areas of strongest ground motion for each earthquake investigated.
Facilities were sought that contained substantial inventories of
mechanical, or electrical equipment, or control and instrumentation
systems.  Because of the number of earthquake-affected areas and types
of facilities investigated, there is a wide diversity in the types of
installations included in the data base. For the equipment
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installations of focus in the investigations, this means a wide
diversity in age, size, configuration, application, operating
conditions, manufacturer, type of building, location within building,
Tocal soil conditions, quality of maintanence, and quality of
construction,

The data base includes a total of ten earthquakes, with several
different sites investigated in each earthquake-affected area. The
earthquakes investigated range in Richter magnitude from 5.7 to 8.1.
Measured or estimated ground accelerations for data base sites range
from 0.15g to 0.70g. The duration of strong motion (on the order of
0.10g or greater) ranges from 5 seconds to over 40 seconds. Local so:)
conditions range from deep alluvium to rock. The buildings housing the
equipment installations of interest have a wide range in size, and Llype
of construction. As a result, the data base covers a wide diversity of
seismic input to equipment installations, in terms of seismic motion
amplitude, duration, and frequency content.

4.0-3 Type of Data Collected

Information on each data base facility, its performance during the
earthquake, and any damage or adverse effects caused by the earthquake
were collected through the following sources:

e Interviews with the facility management and operating
personnel usually provide the most reliable and detailed
information on the effects of the earthquake on each
facility. At most facilities severa) individuals were
consulted to confirm or enhance details. In most cases
interviews are recorded on audio tape.

e The facility operating logs provide a written record of the
conditions of the operating systems, before and after the
earthquake. Operating logs list problems in system
operation associated with the earthquake, and usually
tabulate earthquake damage to the facility. Operating logs
are useful in determining the amount of time the facility
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may have been out of operation following the earthquake,
and any problems encountered in restarting the facility.

e The facility management often produces a report summarizing
the effects of the earthquake following detailed
inspections. These reports normally desribe causes of any
system malfunctions or damage, and typically include any
incipient or long term effects of the earthquake.

e If the facility can be surveyed immediately following the
earthquake, as has been the case in four of the ten
earthquakes included in the data base, earthquake damage
can often be inspected prior to repairs.

Standard procedures used in surveying data base facilitiis focus on
collecting all information on damage or adverse effects of any kind
Caused by the earthquake. For a large majority of the facilities
surveyed in the data base, this is not a lengthy task. Except for sites
that experienced very high seismic motion (in excess of 0.50 g peak
ground acceleration), seismic damage to well-engineered facilities is
normally limited to only a few items,

$.0-4 The Data Base for Cable Trays

Within the experience data base, approximately 20 facilities,
encompassing eight earthquakes, include good examples of cable tray
systems. Table 4.0-1 lists these facilities with a brief description of
the type of cable trays found at each site. In general the data base
offers a wide diversity of cable tray designs, configurations, locations
within building structures and conditions of seismic loading.

Figures 4.p-] through 4.0-3 include illustrations of the primary
Parameters that affect the seismic loads on cable trays for several data
base sites. These figures include a nlot of the response spectrum
representing ground acceleration at the data base site. This response
spectrum is based on the nearest or most applicable ground motion
records for the site. The response spectrum shown is the average of the
response spectra for the two horizontal components of motion measured at



the nearest record. This spectrum then does not represent the highest
horizontal motion at the site, but rather the average horizontal motion.

For comparison, each plot also includes the horizontal ground motion
spectrum from USNRC Regulatory Guide 1.60, normalized to a peak ground
acceleration of 0.25 g, the design basis for the Seabrook Station. A1)
response spectra correspond to 5% damping.

Each figure includes a schematic elevation view of the data base
building structure, illustrating the height and construction of the
building, and showing the primary locations of the cable trays with
respect to grade elevation.

The figures also include sketches of the typical cable tray construction
at the site, including the typical number of tiers, support
configuration, and attachment to walls, floor, or ceiling.

4.0-5 Cable Tray Parameters at Seabrook and in the Experience Data Base

In order to verify the seismic adequacy of the Seabrook cable tray
systems using experience from past earthquakes, relevant parameters must
be chosen which make comparisons between cable trays in the data base
and at Seabrook meaningful. Cable tray parameters were defined based on
their effect on system mass, stiffness, strength, and response to
seismic loading. The following critical parameters are the basis of the
comparison of cable trays at Seabrook Station with those in the seismic
experience data base:

e (able tray dimension (width, depth)

s Cable tray loading

® Number of tiers

e Cable tray type (ladder, trough, solid bottom)

® Support construction (trapeze, cantilever bracket, rod,
Unistrut)

e (able tray span (length between supports)
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s Connection details {(e.g., tray-to-support connection)
e Additional cable tray support loading (conduit, piping)

e Cable tray interfaces (with electrical cabinets, with
conduit)

e Cable tray layout

e Llocation of trays

s Type of building

e Seismic ground motion

Each of the above cable tray parameters at Seabrook is compared to the
seismic experience data base. Data for the parameter comparison were
taken from the following sites, which provided the most cable tray
details:

® Sylmar Converter Station (PGA = 0.50g)

e Valley Steam Plant (PGA = 0.30)

e Humboldt Bay Power Plant (PGA = 0.25g, 0.30g)

s El Centro Steam Plant (PGA = 0.42g)

e Drop IV Hydroelectric Plant (PGA = 0.40g).

s Las Ventanas Power Plant (PGA = 0.30g)

® La Villita Hydroelectric Plant (PGA = 0.15g)

e El Infiernillo Hydroelectric Plant (PGA = 0.15g)

Each of the critical cable tray parameters listed above is addressed in
the paragraphs that follow.

le Tr i . Cable tray dimensions contribute to the system
mass and stiffness which, in turn, partially determine the system
response to seismic loading. Cable tray dimensions refer to cable tray

-2




width and depth. The NEMA standard addressing cable tray systems gives
standard cable tray widths of 6, 12, 18, 24, 30, and 36 inches. Cable
trays in the data base range from 6 to 24 inches in width. Seabrook
trays range from 12 to 24 inches in width.

The NEMA-specified inside depth of cable trays ranges from 3 to 6
inches. Cable trays in the experience data base range from 3 to

4 inches deep. Seabrook cable trays have an inside depth of 3-1/16
inches.

le Tr ing. Cable tray loading is the primary contributor to
the mass of the system. Of secondary importance is the effect of cable
loading on system damping. For a nominal 3 inch deep tray, there is
roughly a direct correlation between percent fill and weight/ft (i.e.,
40% full is roughly 40 pounds per linear foot, pif). Examples of
varying data base cable tray loading are shown in the photographs in
Figure 4.0-4. Cable trays at Seabrook vary from 20% to 40% full; cable
loading never exceeds 40 pif. The data base contains cable trays which
are more heavily loaded than 40 plf, thereby enveloping Seabrook for
gravity load. In addition, the data base trays range from empty to over
100% full (i.e., from 0 to over 100 pif), thereby enveloping any system
damping effects.

Number of Tiers. The number of tiers, specifically the number of tiers

without transverse bracing, contributes to the overall mass and
stiffness of a cable tray system. The number of tiers refers to the
number of horizontal spans suspendad from a vertical support. In
addition to vertical supports, transverse supports are significant to
system seismic response. Cable trays at Seabrook Station include
transverse bracing at nearly every support. Data base trays rarely have
transverse supports. Although Seabrook tray systems include up to 12
tiers, the number of tiers between transverse supports is typically far
less than in the data base.

Cable Tray Type. Cable tray type contributes to the stiffness of the
system. There are three primary types of cable trays described in the

NEMA standard on cable tray systems:



e Lladder
s Trough
e Solid-bottom

A ladder type tray consists of two longitudinal rails connected by
individual transverse members (rungs). A trough type tray is a meta)
structure with a ventilated bottom contained within longitudinal side
rails. A solid-bottom type tray consists of a continuous sheet with no
openings, contained within longitudinal side rails. Table 4.D-1 lists
the data base cable tray types by site. Seabrook cable trays are either
ladder or solid-bottom type.

Support Construction. Cable tray support construction contributes

significantly to the system’s resistance to seismic loads. Support
construction refers to the structure of cable tray supports and the
members from which a support is made. The NEMA standard on cable tray
systems defines three types of supports:

e Trapeze
e Cantilever bracket
e Individual rod suspension

Cable trays supported by individual rod suspension are relatively
uncommon, and are not representative of cable tray supports at Seabrook.

Trapeze supports consist of two vertical members, typically bolted or
welded to the ceiling, connected by a horizontal member, upon which the
cable tray rests. The structural members of data base trapeze supports
are constructed from rod, strut, or steel angles.

Cantilever bracket supports refer to a large variety of structures in
which the tray is cantilevered from a vertical member anchored to a
wall, a floor, or a ceiling. Data base cantilever brackets include "L"-
supports and "T"-supports (Figure 4.D-5). In addition, at some data
base sites, cable trays are supported from cantilevers on floor-to-
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ceiling columns (Figure 4.0-5). Data base cantilever bracket supports
are especially susceptible to seismic loads because of the dead load
moment inherent in their asymmetric design.

Table 4.D-1 lists the data base support types by site. Most of the data
base sites have trapeze supports or various forms of cantilever bracket
supports. In general, cable tray supports in the data base do not
consider seismic loads in their design. Seismic design is not required
in the NEMA standard for cable tray construction.

Seabrook cable tray supports are of two basic types:

e Trapeze
e Floor-to-ceiling box frame

A1l Seabrook supports are made of cold-formed steel strut. Each
Seabrook trapeze support is transversely braced, making it significantly
sturdier than data base trapeze supports. In addition to trapeze
supports, many Seabrook cable trays are supported on floor-to-ceiling
box frames. These supports consist of two vertical members, supported
at both the ceiling and floor, with cross members to which the cable
trays are bolted. Seabrook floor-to-ceiling supports are symmetric,
which mediates dead load moment.

le Tr n. Cable tray span is a significant contributor to the
system stiffness. A span refers to the horizontal distance between
vertical supports. Cable trays at Seabrook Station are supported
vertically at least every ten feet. In most cases and for most
configurations, Seabrook trays are supported every five feet. The
spacing of vertical supports of data base trays range from four to ten
feet.

Most Seabrook cable tray supports include transverse bracing. In many
Cases, data base trays have no transverse bracing; lateral support is
provided only by the geometry of the system (i.e., transverse support of
a cable tray run is provided by an intersecting branch run). At some
data base sites, transverse bracing forms part of the vertical support .
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Data base sites, normally have no specific provision for longitudinal
bracing. Instead, longitudinal load resistance is provided by inherent
features of the cable tray system, such as:

e Geometry (e.g., cable tray intersections with branch runs)
e Vertical supports

o Interfaces with the building (e.g., walls)

e Electrical cabinet connections

le T r ls. Cable tray and support
connection details contribute significantly to the strength and
stiffness of the system. The connection details considered here
include:

e Tray-to-support connection
o Tray-to-tray connection

® Anchor-point connection (e.g., wall, ceiling, or
floor connections)

e C(able-to-tray connection

e Support internal connections (e.g., connections between
vertical and horizontal trapeze members)

A comparison of connection details between Seabrook and data base cable
tray supports is shown in Figures 4.D-7 through 4.0-9.

Tray-to-support connection refers to the method by which the cable tray
s attached to its support. Data base cable trays are typically
attached to their supports either with two small screws (V.e., 1/8 inch)
or using gravity alone (i.e., in some cases, there is no positive
connection between tray and support). Cable trays at Seabrook Station
are attached to supports using either internal clips or *2* clips.
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Tray-to-tray connection refers to the attachment beiween cable trays.

At Seabrook Station, tray-to-tray connections are made with eight 3/8
inch bolts. Connection details between cable trays in the data base are
typically made using a similar configuration to Seabrook, however data
base tray connections have fewer bolts.

Anchor-point connections refer to the connection details at the
interface of cable tray supports with ceilings, floors, and walls, At
Seabrook Station, a special "boot” connection detail has been designed
to connect cable tray supports to anchor points. Seabrook cable tray
supports are bolted into the boot, which is welded to a steel base
plate. At other anchor points, Seabrook supports are welded or bolted
to embedded steel channels in the concrete wall. Data base trays have
anchorage connection details which are not only weaker than Seabrook’s,
but which have fewer anchorages per length of tray. Data base cable
tray supports are generally bolted to the ceiling with expansion anchors
(1.e., 1/2 inch bolts). At two data base sites, ceiling anchorage
consists of friction clips attaching the support to overhead wide flange
beams. Figures 4.0-7 through 4.0-8 are photographic comparisons of
anchor-point connection details at Seabrook and at sites in the
experience data base.

Cable-to-tray connection refers to the attachment of cables to trays.
Typically, cables are individually attached to trays using plastic ties.
At Seabrook Station, cables are tied to ladder type trays at every tenth
rung (maximum 90 inches) for horizontal trays, and at every fourth rung
(maximum 36 inches) for vertical trays. Data base cable trays typically
do not have ties for horizonta) runs and have ties at every fourth cable
tray rung on vertical runs.

Support internal connections refer to the connection details within the
cable tray support structure. Examples include the connection of the
vertical and horizonta) members of a trapeze, or the connection of
diagonal bracing to a support. Cable tray supports at both Seabroo: and
at data base sites have standard connection details (as specified, for
example, in a Unistrut catalog). In addition to standard connections,
Seabrook cable t ay supports are strengthened with clip angles and
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triangular gussets at critical locations. Most data base cable tray
supports have little or no additional reinforcement. Figure 4.0-9
shows support internal connection details at Seabrook and at a typical
data base site.

itional r ing. In addition to cable trays, conduit is
sometimes mounted on cable tray supports. Additional cable tray loading
can contribute significantly to the mass of the system. At Seabrook and
at data base sites, conduit is occasionally mounted on or cantilevered
from cable tray supports.

le 1 nterf - Cable tray interface refers to the means of
routing cable between cable trays and electrical cabinets. Cable tray
interfaces affect the system seismic response by:

e Providing a source of reaction to seismic loads

e Providing a source of seismic interaction (impact) between
the cabinet and the cable tray

At Seabrook Station cavle is routed between cable trays and cabinets
through conduit or wireways. The conduit/wireways are bolted to the
tray, and connected to the cabinet through a flexible coupling designed
to accommodate minor differential displacements between tray and
cabinet. This type of interface connection is intended to minimize any
potential interaction hazards in the following ways:

e The flexible connection allows relative displacements
between the cable tray and the cabinet, without imposing
significant seismic loads on either.

o The continuous connection provided by the conduit/wireway
that routes the cable from tray to cabinet prevents impact
between the tray or the cabinet and the conduit/wireway.

By comparison, many data base cable trays interface with electrical
cabinets by routing a small section of tray directly into the cabinet.
This interfacing tray section is often bolted to both the cabinet and
the main section of cable tray, imposing seismic reaction loads from the
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cable tray system onto the cabinet. Alternately, some data base cable
trays interface with cabinets by abutting the cabinet, or conduit
attached to the cabinet, without positive connection. This creates the
potential for pounding between the cable tray and cabinet structures.

Interaction between cable trays and electrical cabinets has never caused
damage in pasi earthquakes, in spite of the general lack of design
provisions to accommodate seismic interaction.

le Tr . The effect on seismic response of cable tray layout
can be illustrated using experience data. Multi-directiona) cable tray
systems are difficult to amalyze accurately or to mount on a shake
table. Cable tray systems in the experience data base are comparable to
Seabrook Station's cable tray system for cable tray layout. Cable tray
Tayout is a general parameter that includes the following components:

o The extent of cable trays within the building (i.e. the
typical length and directions of cable tray runs)

e The relative configuration of intersecting sections of the
cable tray system

The extent of cable tray runs affects the stiffness of the cable tray
structural system, which in turn affects the response frequencies
(within the range of seismic excitation), and the mode shapes of the
tray system. A secondary effect of cable tray extent relates to the
seismic input imparted to continuous cable runs by different sections of
the building. Short runs of cable tray typically receive a uniform
seismic input from local sections of the building. Extended runs of
cable trays receive seismic inputs that vary in amplitude and phase.
according to the seismic response of different sections of the building

The relative configurations of intersecting sections of the cable tray
system affect the stiffness of the cahle tray system, and the seismic
reaction loads imposed by one cable tray section on another. Cable tray
configuration parameters include:

® Spacing of intersections
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s Angles of intersection
e Relative mass and stiffness of intersecting sections
e Details of attachment at intersections

This in turn affects the response frequencies and mode shapes of the
tray system.

The parametric components of cable tray extent and configuration might
be generalized as the complexity of cable tray layout. The experience
data base offers complexity in the layout of typical cable tray systems
that is comparable to the complexity of layout at Seabrook Station. In
other words, data base cable tray systems are typically of comparable
(or greater) extent than the Seabrook systems. Data base cable trays
include tray sections intersecting from a variety of directions and
angles. Data base systems include atypical cable tray details such as
offsets in cable tray run, which create potential weaknesses in
Tongitudinal load resistance. Data base cable tray systems include a
variety of interfaces with electrical cabinets, conduit systems,
structural supports, building walls, and floors.

The complexity of cable tray layout also includes the potential for
interaction with adjacent fixtures. Data base cable tray systems are
frequently routed in congested areas that include other fixtures such as
piping, conduit, catwalks, or structural steel. Since the support of
data base fixtures is flexible compared to typical nuclear plant
installations, there exists the potential for substantial sway and
seismic interaction between cable trays and adjacent fixtures. In spite
of the high seismic interaction potential in data base facilities, there
are no instances of interaction damage to cable trays in past
earthquakes,

The various components included in cable tray layout, as well as typical
examples of the complexity of data base cable tray systems, are
f1lustrated in Figures 4.D-10 through 4.0-12.




Cable Tray Location. Cable tray location within a building structure

affects that level of motion experienced by the system. Of particular
interest is the elevation of the cable tray system above grade
elevation. The amplification of seismic ground motion generally
increases within a building with height above grade.

The location of cable trays at the Seabrook Station ranges in elevation
from 47 feet below grade, to 60 feet above grade. The building
elevation of data base cable tray systems ranges from basement Tocations
to locations in steel boiler structures, over 100 feet above grade.

Type of Building. The type of building affects the amplification and
filtering of seismic ground motion into the supports of a cable tray

system. The parameter of building type also includes soil conditions at
the site (i.e., rock, deep alluvium, etc). The various types of
structures found at the power stations and industria) facilities
surveyed in compiling the experience data base offer a wide diversity of
building size, and flexibility. This in turn suggests a wide diversity
in the amplification, distortion, and filtration of the ground motion
experienced at the various sites.

Data base buildings that house cable trays range from flexible
structures to structures comparable in stiffness to the buildings at
Seabrook Station.

One extreme is the tall, open steel-frame boiler support structures
typical of fossil power plants. Steel-frame boiler structures are
typically five or more stories high, and contain the massive furnace-
boiler system, usually supported as a pendulum from the top of the
Structure. The boiler system is usually free to swing within the steel.
frame structure. As an example of the flexibility of boiler structures,
& response motion record taken near the top of the 169 foot tal) open
steel-framed boiler structure of the Las Ventanas Power Plant recorded a
primary response frequency of approximately | Wz during the March 1985
Chile earthquake. The record measured a peak acceleration of 0.80g,
with a duration of strong motion of about 60 seconds. The boiler
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structure contains a system of cable trays which was undamaged in the
earthquake.

The bulk of the cable tray systems included in the data base are
contained in two- to three-story steel frame or concrete shear wall
buildings, such as the turbine buildings of power plants. This type of
structure is generally similar to the Seabrook Station structures (other
than the reactor containment). Typical fundamental response frequencies
for this type of building range from 1 to 5 Hz, which corresponds to the
frequency range of maximum energy content for most earthquake ground
motion.  Table 4.D-2 summarizes the types of buildings and the site
soil conditions for various data base sites.

The Seabrook Station building structures are somewhat stiffer in
Comparison. Based on building response analyses, fundamental
frequencies for the Control Building, Primary Auxiliary Building, and
the Containment range from 5 to 10 Hz. This frequency range is slightly
above the range of maximum energy content for typical seismic ground
motion.

1smic Groun 10n. The level of anticipated seismic ground motion
forms the basis for the seismic design of cable trays Seismic ground
motion 1s defined in terms of three components:

e Peak ground acceleration
o Ouration of strong motion (typically defined as > 0.10g)
e Frequency content of ground motion

These three components are characterized either directly or indirectly
by a ground motion response spectrum. The basis for the seismic design
of cable trays at Seabrook Station is represented by the ground motion
spectra of USNRC Regulatory Guide 1.60, normalized to a 0.25 g peak
ground acceleration. This response spectrum is compared to a range of
data base site response spectra from various earthquakes in

Figure 4.D-14 (plotted with 5% damping). As shown in the figure, most

"
“Aabhe



data base ground response spectra are either comparable to or in excess
of the Seabrook design-basis spectrum.

4.0-6 Conclusions
The comparison of cable tray systems at Seabrook Station with cable

trays in the seismic experience data base has demonstrated the following
points:

e All parameters associated with the seismic Capacity of
Seabrook cable trays are enveloped by data base cable
trays, i.e., data base cable trays are similar or weaker in
all aspects related to seismic Capacity, compared to
Seabrook cable trays.

e Most data base cable tray systems have experienced seismic
loads comparable to or greater than the seismic design-
basis loads for Seabrook cable tray systems.

e Cable tray systems constructed according to norma) industry
practice have more than sufficient margin to absord the
seismic loads anticipated from moderate earthquakes (such
as the Seabrook seismic design basis), even without
specific seismic design provisions.

e The capacity of cable trays to survive seismic loads is not
sensitive to details of cable tray construction or layout.

By a comparison with cable tray systems that have survived past strong
motion earthquakes, it is dpparent that the cable tray systems at
Seabrook Station have more than adequate Capacity to survive their
design-basis safe shutdown earthquake,
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CABLE TRAYS IN THE SEISMIC EXPERIENCE DATA BASE

EARTHQUAKE SITE
San Fernando Sylmar
Earthquake Converter
1971 Station
Valley Steam
Plant
Burbank
Power Plant
Glendale
Power Plant
Pasadena
Power Plant
Saugus
Substation
Point Mugu Ormond Beach
Earthquake Power Plant
1573
rerndale/ Humboldt
Humboldt Bay Power
Earthquakes Plant
1975/1980
Imperial El Centro
Valley Steam Plant
Earthquake
187% Drop 1V
Hydro.Plant
Coalinga Union 0]
Earthguake Butane Plant
1983

Table 4.D-1

0.50g

0.20g
0.32g

0.279

0.18g
0.35q
0.20g

0.30g
0.25g

0.429

0.30g

0.60g

PEAK GROUND* CABLE TRAY SUPPORT

TYPE TYPE
Ladder Unistrut
& Trough
Trough Unistrut
Trough Rod
Trough Rod
Solid- Stee)
Bottom Angle
Ladder Unistrut
Trough Unistrut
Trough Unistrut
Ladder Unistrut
& Trough
Solic- Steel
Bottom Angle
Ladder Rod

* Average of Two Morizontal Components of Ground Motion

F ATION

Trapeze

Trapeze &
Cantilever

Trapeze

Trapeze

Floor-to-
Ceiling
Caniilever
Floor-to-
Ceiling
Cantilever

Trapeze

Trapeze

Trapeze

Trapeze

Trapeze



Table 4.D-1 (continued)

PEAK GROUND* CABLE TRAY SUPPORT
EARTHQUAKE _ SITE _ACCELERATION TYPE TYPE  CONFIGURATION
Morgan Hill United Tech. 0.50g Ladder Unistrut Trapeze &
Earthquake Chem. Plant Floor-to-
1984 Ceiling
Cantilever
Santiago, Renca 0.35g Ladder Rod Trapeze
Chile Power Plant
Earthquake
1985 Rapel 0.31g Ladder Steel Floor-to-
Hydro.Plant Angle Ceiling
Cantilever
Laguna Verde 0.30g Ladder Steel Trapeze
Power Plant & Trough Angle
Las Contes 0.25g Ladder Rod Trapeze
Hospital
Las Ventanas 0.30g Ladder Unistrut Trapeze &
Copper Refine. Cantilever
Las Ventanas 0.18g Ladder Unistrut Trapeze &
Power Plant Rod Cantilever
Mexico Infiernillo 0.15-0.20g Trough Unistrut Floor-to-
Earthquake Dam Ceiling
1985 Cantilever
La Villita 0.15¢ Ladder Unistrut Trapeze
Power Plant Cantilever
SICARTSA 0.15¢ Ladder Steel Mounted on
Steel Mil) Pedestals Pipe
Gallery

* Average of Twc Morizontal Components of Ground Motion



Table 4.D0-2
BUILDING/SOIL TYPFS

ESTIMATED
EARTHQUAKE SITE PGA** _BUILDING TYPE —S0IL TYPE
Seabrook 0.259' Reinforced concrete Rock.
Station shear wall structures
San Fernando Sylmar 0.50g 2-story steel Sand, silt &
Earthquake Converter frame structures with clay. 50 ft. to
1971 Station penthouses and bedrock.
reinforced concrete
structure.
Valley Steam 0.30g 2- and 8- story braced Deep alluvium
Plant frame structures; to S00 ft.
first 2 stories with
reinforced frame and
shear walls.
Burbank 0.329 Five-story braced Brown, sandy loam
Power Plant steel frame structures; to 25 ft., dense
first story with rein- sand below.
forced concrete frame
and shear walls.
Glendale 0.27g 4-story partially intermediate
Power Plant braced ster) frame alluvium,
structures; with rein-
for.ed concrete first
floor and basement
with 2 lower stories.
Pasadena 0.18g §-story steel braced Intermediate
Power Plant frame structure with alluvium,
concrete walls.
Saugqus 0.35¢q l-story reinforced Alluvium,
Substation concrete structure.
Point Mugu Ormond Beach 0.20g 2-story steel frame Alluvium.
Earthquake Power Plant structure with rein-
1973 forced concrete walls.

*Design Basis Earthquake
** Average of Two Horizonta) Components of Ground Motion



Table 4.D0-2 (continued)

ESTIMATED
EARTHQUAKE  SITE PGA** . BUILDING TYPE SOIL TYPE
Ferndale/ Humboldt 0.30g 2- and 5- story steel Deep alluvium
Humboldt Bay Power 0.259 frame structures and to 400 ft.
Earthquakes Plant 2-story reinforced
1975/1980 concrete frame
structures.
Imperial E1 Centro 0.42g 2- to 6-story steel Deep alluvium.
Valley Steam Plant frame high bay and
Earthquake braced steel frame
1978 structures.
Orop 1V 0.309 High bay reinforced Rock.
Hydro.Plant concrete shear wall
structure with partial
reinforced concrete
basement
Coalinga Union 011 0.60g Cable trays are Shallow alluvium,
Earthquake Butane Plant supported on steel
1983 racks running through
the facility yard.
Morgan Hill  United Tech. 0.50g I-story tilt-up Shallow alluvium
E;;:nquake Chem. Plant concrete structure.
Santiago, Renca 0.35g 3-story braced Deep alluviun
Chile Power Plant steel frame,
Earthquake
1985 Rapel 0.31g Hiah bay reinforced Marine sediments.
Hydro.Plant concrete structure
with a 4-story rein-
forced concrete frame
mezzanine, adjacent to
concrete dam wall,
Laguna Verde 0.30g 4-story high bay stee! Rock,

Power Plant

frame structure, part-
1ally braced, with re
inforced concrete shear
wall first story

** Average of Two Horizontal Components of Ground Motion



Table 4.0-2 (continued)

ESTIMATED
EARTHQUAKE  SITE PGA** . BUILDING TYPE SOIL TYPE
Las Ventanas 0.309 High bay steel frame Compact fluvia)
Copper Refinc. structures with sand to 165 ft.
bracing
Las Ventanas 0.30g S-story braced Compact fluvia)
Power Plant steel frame structure. sand to 165 ft.
Boiler structure is a
169 ft. stee) frame.
Mexico Infiernillo 0.15-0.20g High bay reinforced Rock.
Earthquake Dam concrete frame and
shear wall structure,
with 2-story steel
frame mezzanine, com-
pletely underground.
1885
La Villita 0.15g High bay steel frame Rock.
Power Plant structure with S-story

steel frame mezzanine.

** Average of Two Horizontal Components of Ground Motion
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Figure 4.0-1: The Sylmar Converter Station, affected by the 1971 San Fernando
Earthquake. Average horizontal peak ground acceleration is estimated at 0.50g.
The response spectrum is represented by the nearest ground motion record taken at
Pacioma Dam. The cable trays are located in the basement and suspended from the
ceiling of the second floor of a 2-story steel frame building. Typical cable tray

supports are Unistrut frames in trapeze configurations. Some supports are framed
directly into adjacent concrete walls.
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Figure 4.0-2: The Valley Steam Plant, affected by the 1971 San Fernando
Earthquake. Average horizontal peak ground acceleration is estimated at 0.30q.
The response spectrum is represented by the nearest ground motion record taken at
8224 Orion Blvd. The cable trays 4re suspended from the ceilings of the first and
second floors of an 8-story braced steel frame structure. The cable tray supports
consist of light gauge stee) members in framed and braced trapeze configurations.
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Figure 4.0-3 The £1 Centro Steam Plant, affected by the 1979 Imperial valley
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Figure 4 D-13: Data base cable tray configurations typically offer the
potential for seismic interaction (impact) with adjacent fixtures, such
as piping, at Las Ventanas Copper Refinery (upper photo), and conduit,
at the Valley Steam Plant (lower photo) Seismic interaction has never
been a source of damage to cable trays in spite of dense configuration:s
and flexible supports of piping, conduit, ducts, and cable trays in data
base facilities
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Figure 4.0-10: The extent of continuous runs of cable trays affects the
stiffness of the system, and subsequently its response frequencies and |
mode shapes. Examples of extensive runs include the pole-mounted cable

trays routed for over 300 feet through the power house access tunnel at |
the Infiernillo Hydroelectric Plant, (upper photo). More extreme
examples are found at the neighboring SICARTSA Steel Mill (lower photo),
where continuous runs of cable trays and piping, supported on racks
extend up to a mile between different sections of the plant.
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Figure 4.0-8: At data base sites, such as F) Centro Steam Plant
photo), cable tray supports are typically attached to overhead wids
flange beams using friction clips. At Seabrook Station, supports are

pically anchored ‘o overhead beams by welded connections or with a

4
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"boot™ connection (lower photo)
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Figure 4.D-7: At data base sites, such as the Drop IV Hydroelectric
Plant (upper photo), cable tray supports are typically anchored to
concrete ceilings using expansion anchors. At Seabrook Station,

rts are typically anchored through a "boot" connection or bolted
embedded steel channel in the concrete ceiling (lower photo).
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Figure 4.D-6: Typical floor-to-ceiling, cantilevered cable tray
supports at the Saugus Substation (upper photo) and E1 Infiernillo Dam
(lower photo).
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4.0-5: The experience data base contains examples of both
iguration (Valley Steam Plant-upper photo) and L-configuration
1 Hydroelectric Plant-lower photo) cantilever bracket, cable tray
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Figure 4.D-4: Data base cable trays range from almost empty to over
100% full, as shown by El Centro Stea~ Plant (upper photo) and La
Villita Hydroelectric Plant (lower phito)
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Figure 4.D-14: Range of data base seismic

superimposed upon the Seabrook Station SSE

with PGA=0.25q)
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