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INTRODUCTION

1.1 PURPOSE

This report presents the results of a seismic analysis of
two types of safety-related electrical equipment at the
Oyster Creek Nuclear Generating Station: 4160 Volt
Switchgear and 460 Volt Unit Substation cabinets. The
seismic analysis of this equipment was performed in respcnse
to Section 4.11(3) of NUREG-0822 (Integrated Plant Safety
Assessment - Seismic Evaluation Program - Oyster Creek
Nuclear Generating Station) which requested, in part, that

clear /JCP&L) perform seismic analysis of

the licensee (GPU N
c

J
the 4160 Volt Switchgear to demonstrate the adequacy of the
anchorage. In addition, Section 4.11(3) of NUREG-0822
requested that icensee perform a seismic load path
evaluation for at le: two typical electrical cabinets to
demonstrate the structura. integrity of internally mounted

components.

In accordance witl h ues of NUREG-0822, this report
presents 2sults « anche dequacy and internal load path
evaluations r b 1 th Volt Switchgear and the 460

Volt Unit

SCOPE
trical equipment analyzed in this report
units of the 4160 Volt Switchgear
1D), located in the turbine building
at elevation 23'--6", and two cabinet units of the 460 Volt

Unit Substation (Units 1A2 and 1B2), located in the reactor




building at elevation

consists of 9 to 12 individual

Each 4160 Volt Switchgear

breaker cabinets mounted side

by side and connected mechanically and electrically to form

a unit of switchgear equipment,

consists of seven individual

Each 460 Volt Substation

breaker cabinets which are

mounted side by side and are connected mechanically and

electrically similar to tne

The anchor adequacy

this report considered

weight loads. The

4160 Volt cabinets.

nd load path evaluations described in
effects cf earthquake and dead-

input used to evaluate the

effects of earthquake loads was based on floor response

spectra generated by

(revised Appendix B of

period accelera

use in SEP eval

The anchor adeg
4160 volt
weight and
cabinets,

per formed
cabinets se

representative

Lawrence Livermore National Laboratory
NUREG/CR-1981), scaled to the zero

0.165 g's recommendec by the NRC for

s performed for each of the

described above because of

ween the individual

ions, however, were only
4160 volt and 460 volt
examination to be

onfigurations.
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2. SUMMARY AND CONCLUSIONS

<.1 SUMMARY

Results of the anchor adequacy analyses for the 4160 Volt
Switchgear and the 460 Vol: Unit Substation cabinets are
presented in Table 2-1. This table presents caiculated
pullout lcads (P) and shear loads (V) on the anchors during
the operating basis earthquake (OBL) and the safe shutdown
earthquake (SSE). The seismic loading consists of the
combined effec two horizontal and one vertical earth-
quake loads ..gether with deadweight load. The adequacy of

the anchors under combined pullout and shear loads was

r
determined from the following linear interaction formula.

P 1
Prax Factor of Satety

The objective of the analyses w: to show that the minimum
factor of safety for the mbined pullout/shear loading
exceed 4.0. The limiting pi o} and shear values (Pmax and
Vmax’ respectively) w - the mean failure strengths
of anchors based or ste med by Teledyne Engineering
The limiting pullout and shear
ysis are given in Table 2-1. The
limiting values use or anchors in the 460 vnlt cabinets
were based on tes a of actual anchors and embedment
lengths used in the 460 volt cabinets (1/2" Hilti Kwick-Bolt
with 2-1/4" embedment). The limiting values used for
anchors in the 4160 volt cabinets were based on the lower
bound of the mean failure strengths for seven different
anchors with embedments greater than 2 inches. A

bound of the test data was used since the anchors in




the 4160 volt cabinets are Qf unknown type and embedmen
(A discussion of embedment length assumptions and test data

is presented in Section 3 of this report.)

As shown in Table 2-1, for OBE loads, the calculated
pullout/sheuar load combinations for the 4160 volt and 460
volt cab.nets result in minimum factors of safety on anchor
failure of 11.15 and 7.35, respectively. For SSE loads, the
calculated pullout/shear load combinations for the 4160 volt
and 460 volt cabinets result in minimum factors of safety of
4.39 and 3.45, = y Although the 460 volt cabinets
do not explicitly the original objective of a factor of
safety of 4.0, cau the conservatisms in the
analytical approac! ¢ a factor of 3.45 is considered
cufficient margin assure no anchorage failure during a

safe shutdown earthquake. For example, the analysis assumed

that the horizontal earthquake acceleration is the peak of

the response spectra rather than the actual acceleration
associated with ch cabinets natural frequency.
Results

Switchs and the 50 Vol nit Sub: Lol )yinets are
presente n able 'hi ab sents calculated
stresses | h imiting structu 1d support members o
the typical 416 ( nd ( o ectrical cabinets. The
limiting members w deter 5¢ rom visual inspections of
each cabinet type ¢ hox ] rable 2-2, all calculated
stresses are we within lowable v s (less than 50% of

the aliowables




2.2 CONCLUSIONS

Based on analyses presented in this report and summarized in

Tables 2-1 and 2-2, the Volt Switchgear and 460 Volt Unit
Substation cabinets are = 7 anchored to withstand the
effects of the OBE and In addition, the internal com-

these cabinets are adequately mounted such that

integrity will be maintained. This satisfies

of Section 4.11(3) of NUREG-0822.




Table 2-1

ANCHOR ADEQUACY RESULTS

OBE LOADS

. Pullout Shear f Factor of
Equipment Load Load Safety

'P! Ovlt
(1bs) (l1bs)

4160 Volt
Units:

Pullout e 3 + V/y | ractor of
max

Equipment Load ye max
e (Note 1)
(1bs)

Safety

4160 Volt Switchgear
Units:
1A
1B
1C
1D

For anchors on the 4160 v cabinet: - = 3,804 1lbs and Yooy ©® 5,748
1bs (lower bound values fc seven di srent 1/2" anchors with embedment
-“Tn

greater than 2%), ror nchors o he 460 volt cabinets, Poan * 3,804 1bs

and V., = 8,076 1bs (1/ ilti Kwick-Bolt with 2-1/4" embedment).

For OBE, the scismic load was less than the deadweight load, Therefore,

there is no net pullout (tensile load on the anchor bolts.




TABLE 2-2

STRESS ANALYSIS RESULTS FOR
INTERNALLY MOUNTED COMPONENTS

OBE LOADS
Type of OBE Stress Allowable
Equipment Component Stress Load Ar%f Stress Stress
(Note 1) .1bs) (in®) (psi) (Note 2)
4160 Volt 1/8-Inch Welds on
Switchgear Support Angles Shear 3,920 2.245 1,746 24,360
1/4 x 2/3-1Inch
Support Grooves Shear 1,562 0.330 4,733 19,150
1/2-1Inch
Support Rods Shear 1,562 0.393 3,975 19,150
Support Angles Bending 2,503 - 4,378 31,600
460 Volt 1/2-inch Breaker
Unit Pins Shear 1,188 0.785 1,513 19,150
Substation
1/8 x 3/8-1Inch Keys Shear 586 0.094 6,245 19,150
1/4-Inch Rivets Shear 1,188 0.393 3,026 19,150 ]
SSE LOADS
Tvpe of SSE Stress Allowable
Equipment Component Stress Load Axg? Stress Stress
(Note 1) (1bs) (in*©) (psi) (Note 2)
4160 Volt 1/8-1Inch Welds on
Switchgear Support Angles Shear 4,729 2.245 2,107 24,360
1/4 x 2/3-Inch ;
Support Grooves Shear 2,360 0.330 7,150 24,360
1/2-1Inch
Support Rods Shear 2,360 0.393 6,004 24,360
Support Angles Bending 2,656 -- 4,645 40,600
450 Volt 1/2-Inch Breaker | '
Unit Pins Shear 1,498 0.785 1,908 24,360
Substation
1/8 x 3/8-Inch Keys Shear 891 0.094 9,503 24,360
1/4-1Inch Rivets Shear 1,498 0.393 3,815 24,360
Notes:

l. Locations of each componen. are shown on Figures 3-3 and 3-4.

2. Structural materials are assumed to have properties similar to AST™ A-36

steel. Allowable stress values are given in Section 3.2.2 of this report.
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3. DESCRIPTION OF ANALYSES

This section of the report describes the analyses that were
performed for the 4160 Volt Switchgear and the 460 Volt Unit

Substation cabinets.

3.1 ANCHORAGE EVALUATION

A typical electrical cabinet and anchorage details are shown
in Figure 3-1. The tensile pullout loads and shear loads on

the anchors we calculated by takirng into account seismic

re
and deadweight loads. Detailed calculations of the

anchorage loads are given in Appendix A.

3.1.1

In accordance with the methodology described in USNRC
Regulatory Guide 1.92, the tensile pullout loads and shear
loads due to seismic events were obtained by taking the
square root of the sum of the squares (SRSS) of the anchor
bolt load directional responses due to three components of
earthquake motion (two horizontal and one vertical). Each
earthquake loading wa:s S >d to act independently of
the others. The sei ic evaluated consist of the
operating basis earthquake (OBE) and the safe shutdown
earthquake (SSE Seismic loads are defined by horizontal
and vertical response spectra generated by Lawrence
Livermore Laborat ies (LLL) in the revised Appendix B of

NUREG/CR-1981 (Reference b),

Peak horizontal accelerations and the zero period vertical

accelerations were taken from the LLL spectra to calculate




anchor bolt lcads. The zero period vertical acceleration
values were choosen due to the high natural frequencies of
the cabinets in the vertical direction resulting from the

large vertical stiffnesses of the cabinets. Calculations of

cabinet vertical natural frequencies are given in Appendix A.

Peak horizontal accelerations were used since the natural
frequencies of the cabinets in the horizontal direction are
expected to be in the 5-10 Hz range which includes the peak
horizontal accelerations. No explicit horizontal natural

frequency calculations were performed.

The accelerations were based on damping values of 4% for OBE
and 7% for > for bolted steel structures in accordance
with USNRC ulatory Guide 1.61. The horizontal and
vertical accelerations for the OBE and SSE conditions were
by 0.165/0.22, based ZPA at ground of
ZPA at ground of

cceleration values used

SSE -

Equipment Location Vertica al | Vertical

(g's)

—_—

4160 Vi

(P) were calculated by
ctive deadweight anchor bolt

3-2




loads (compressive) from the SRSS seismic anchor bolt loads

(tensile).

>
P = ‘\[Ph(n-s‘)“ + P

P Anchor bolt pullout load

Ph(N-S) Anchor pullout load due to a horizontal
earthquake acting in the north-south
direction
Anchor pullout load due to a horizontal
earthquake acting in the east-west
direction

Py Anchor pullout load due to a vertical
earthguake

Pd Effective downward load on the anchor due
~ to deadweight

As indicated above, a local horizontal orientation system

was defined in this analysis to differentiate between the
two horizontal earthquakes (north-south and east-west). The

direction reference is shown in Figure 3-1.

to vertical earthquake motion were cal-
ht of the cabinet times the
d by the total number of anchor
horizontal earthguake motion
were calculated based o he ass that the force
row 'i' is pro-
portion
number
loads
Figure he f nulas used calculate pu
from individual ear pake motions are derived

and are summarized




Cabinet weight (1b)
Peak horizontal acceleration (g's)
ZPA veirtical acceleration (g's)

Distance from floor to cabinet center of
gravity (ft)

Distance measured from the tipping edge to
bolt row 'i' (ft)

Number of bolt in row 'i'

Total number of anchor bolts in cabinet

»ight load

which is the - cabinet weight divided by the total

number

Shear loads on the anchor bolts are caused by two horizontal
earthquake motions. It was assumed in this analysis that
the total horizontal seismic load is reacted by: 1) she

across the face of the anchor bolts and 2) friction between




o

the cabinets and the concrete floor. The formula used to
calculate shear (V) on the anchors is derived in Appendix A

and given below.

" ;wq- .\/th + ghz - UL = gy)
Horizontal SeismicC Horizontal Load
Load due to tw taken by friction
components of between the
horizontal earth- cabinet and the
quake motion and the floor

The coefficient of friction (/[l) between the concrete floor

and the cabinet was conservatively assumed to be 0.20. ~/

The calculated pullout and shear values for the 4160 volt and
460 volt cabinets are presented in Table 2-1 in Section 2 of

this report.

3.1.4 Acceptance Criteria

A combination of the effects of pullout and shear loads were
used in the criteria to evaluate cabinet anchor adequacy.
The criteria were based on actual test data compiled by
Teledyne Engineering Services for JCP&L and other utilities,
Teledyne tested the combined pullout (P) and shear (V)
behavior of a large number of anchor bolts of many sizes and
types. Based on the lower bound of this test data, a linear

interaction model was developed as fcllows:

P v 1
it B = .
Prax Vouy F. of 5.
Where:
Phax - mean failure pullout strengths
Vmax - mean failure shear strengths

F. of S. =~ Factor of Safety




The objective was that the anchorages meet a minimum factor

f safety of 4.0 for the SSE loadinj combination.

The use of the mean failure value for a test rather than the
minimum failure value of any one lt within a test in the
interaction formula is considered appropriate in evaluating
taie anchor bolt strength of the 4160 volt and 460 volt
cabinets since the cabinets are held down by a fairly large
number of anchor bolts (i.e., a minimum of 39 for the 4160
volt cabinets and a minimum of 28 for the 460 volt cabinets).
Thus, the ovecall strength of the anchorage for the 4160 volt
cabinets and 460 volt cabinets would be governed by the mean
failure strength of all the anchor bolts; not the minimum

failure strength of any one anchor bolt.

5. Values of P and V
max max
™1 A > =1 1n y 3
The pullout and shear failur= values, P .. and Vmax' used in
the analysis are summarized below.
- sl
Anchor P \'/
¢ \li"—wfnb Dnrhr' rio max max
Saulpmenc ESCL1pPC n
- P (1b) (1b)
4160 Volt Size - 1/2-inch 2,804 5,748
Switchgear Type - ?
Embedment - ?
e —— .
460 Volt Size - 1/2-inch 3,804 8,076
Unit Substation Pype - Hilti Kwick-Bolt
Embedment - 2-1/4-inches

The type of anchor used in the 460 volt cabinets, the anchor
size, and the anchor embedment are the same as one of the

anchor bolt conditions tested by Teledyne. The values of

3-6




Pmax and vhax were therefore taken as the mean failure

strengths reported by Teledyne in Reference a.

The type and embedment length of the 1/2-inch anchor bolts
used in the 4160 volt cabinets are unknown. In order to
select conservative mean failure strengths for these anchors,
actual Teledyne test data were reviewed in an attempt to s2t
limits at the lower bound of the mean failure strengths
representing many anchor types for reasonable conditions of
embedment, Review of the Teledyne data indicated that,
especially for 1/2-inch anchors, embedment is the dominant
factor influencing pullout strength. Anchors embedded
greater than 2 inches showed considerably higher pullout
resistance than anchors embedded 2 inches or less. Based on
JCP&L/GPUN installation specifications and vendor literature,
it was concluded that for the original plant construction, as
well as for the newly installed 1/2-inch anchors, the anchor
embedment was probably greater than 2 inches. The values of
pmax and Vmax were therefore based on the lower bound test
data for all the 1/2-inch anchors tested with embedments
greater than 2 inches (Teledyne tested nine 1/2-inch anchor
types, seven of which were embedded greater than 2 inches.)

Using the Pmax and vmax values discussed above, the results
of anchor adequacy analy=ses using the linear interaction
model are calculated and presented in Table 2-1 in Section 2

of this report.

3.2 LOAD PATH EVALUATION

Typical breaker cabinets and the breaker internal support
structures for the 4160 Volt Switchgear and the 460 Volt
Unit Substation cabinets are shown on Figures 3-3 and 3-4,

3-7



respectively. Visual inspections of the cabinets were made
to determine the lcad paths and limiting components in each
structure, Calculations of the stresses in the limiting
components for the 4160 Volt Switchgear cabinets are
presented in Appendix B. Calculations cf the stresses in
the limiting components for the 460 Vol.t Unit Substation

cabinets are presented in Appendix C.

3.2.1 Description of Load Paths

4160 Volt Switchgear

The 4160 Volt Switchgear consists of 9 to 12 individual
cabinets which are mounted side by side and connected
mechanically and electrically to form a unit of switchgear
equipment, As shown in Figure 3-3, the main component of
each cabinet is a 1000 amp or 3000 amp breaker. The breaker
is mounted in a steel frame on wheels to allow easy removal,
maintenance, and replacement. During installation, the

breaker ed into a cabinet until the support angles on

-
n
~

m O
-
-

the breaker frame are aligned with the support
boxes in the cabinet. The support boxes are mounted on
mechanically driven power screws. Once the breaker is
properly aligned, the power screws are used to raise the
breaker bv means of the support boxes until the receptacles
on the top of the breaker engage with the cabiret. The
breaker is held horizontally by means of two 0.25x2.83-inch
lugs on the support angles which are fixed in grooves

provided in the support boxes.

Vertical seismic and deadweight loads are transmitted from

the breaker to the cabinet wall panels through a) 0.125-inch

fillet welds between the breaker frame and support angle, b)




support angles, and support boxes. Horizontal seismic
loads are transimtted from the breaker to the cabinet wall
panels through a) .125-inch fillet welds between the

breaker frame \d support angle, b) support angle lugs, C)

support box support boxes, and e) support rods.

Stresses were evaluated in the following limiting

components:

o Shear on inch welds connecting the
-

e breaker frame.

support : t!

Bending ¢ the support angles.

Shear across the 0.25 x 0.66-inch tip of the
support box grooveas.

Shear on the 0.500-inch diameter support rods.
the 1000 amp and 3000 amp

breakers identical, the stres y3is for the limiting

3000 amp breaker.

consist of seven

cabinets mour ide by connected mechanically and

electrically single unit of equipment, similar to
the 4160 Volt Switchges Each cabinet contains three
breakers mounted individually one atop the other. As shown
ure 3-4 h & e s f )00-inch pins mounted
the cabinet
s1iding rails )¢ on each side of the
ts provided for the 0.500-inch breaker
rails move on fixed rails which are

sides of the cabinet by eight rivets (four on




During installation of the breaker, the sliding rails ar2

extended out of the cabinet. The breaker is placed in the

slots provided in tli sliding rails and slid into the
cabinet until the »s in the back of the breaker
engage with the back of the cabinet. Once the breaker 1is
engaged, two keys, attached to the sliding rails, insert

into the fixed rails to lock the breaker in the cabinet.

Vertical ismic d deadweight loads are transmitted from
the breake o ti rabin ) iels through a) breaker
pins, b) id ine il i 31 and d) rivets.
Horizontal seismi rads are transmitted from the breaker to
the cabinet wal els through a) breaker pins, b) sliding

rails, c¢) keys fixed rails, and e)

evaluated in the following limiting

saker pins.

The load: sed in the evaluation of the internally mounted
components of the elec ¢ cabinets consisted of seismic
and deadweight lcads The seismic loads

operating basis earthqguake BE) and the safe shutdown
earthquake (SSE) T'h )BE an SE accelerations

each cabinet were discussed 1in S oD 3.k, The

loads of the individua reakers & listed below.




Equipment

Breaker for 4160 Volt
Switchgear (3000 AMP)

Breaker for 460 Volt
Unit Substation

The seismic accelerations given in Section 3.1 were used
with the breaker weights to develop loads on the internal
components of the cabinets. The various load combinations

that are transmitted through the limiting components of the
cabinets are described below.

Loaéd Combination Description Resulting Loads

Vertical Loacs Vertical Seismic (gV + 1)
+ Deadweight

Horizontal Loads Horizontal Seismic - >
e r mr - L S~ &

(Tdf? \,C-..Aro‘.f?n,;,‘ of W Ih “+9p

Horizontal Earth-

quake)

Horizonta Horizontal Seismic —-2 ~ >

Vertical Load + Vertical Seismic | W|[ap"+9y°+qy

+ Deadweight

each cabinet, the type of
1

oads are summarized on

The calculated stresse: d allowable values are presented

=

in Table 2-2 in 3ection 2 of this report. The structural

material in each cabinel was assumed to have properties




similar to ASTM A-36 carbon steel. The minimum yield and

ultimate tensile . lues of A-36 and the allowable stresses

in shear and bending are summarized below.

Minimum Minimum
Material Yield Ultimate
|Syl lsul

A-36 36,000 psi 58,000 psi
Carbon Steel

Service Allowable
Levels g Value

(psi)

19,150

Bending

Weld 1.33 (21,000)
Shear or

.42 Su

2.0 (0.4 Sy)
or
0.42 Su

—_—

2,0 (0.66 Sy)
SSE Bending or
(Note 1) 0.7 Su

Weld | 2.0 (21,000)

Shear ; or
| .42 Su

The allowable stress value is taken as the lesser of the two

stress limits.







TABLE 3-1

LIMITING LOAD COMPONENTS AND

TYPE OF LOAD TRANSMITTED THROUGH EACH

Type of Load

Resulting Loads

Equipment Component Transmitted OBE SSE
(lbs) (1bs)
4160 Volt Shear on Horizontal 3920 4729
Switchgear 0.125-Inch Welds + Vertical
Shear o2n Horizontal 1562 2360
0.25 x 0.67-Inch
Support Grooves
Shear on Horizontal 1562 2360
0.500-Inch
Support Rods
Bending on Vertical 2503 2656
Support Angles
460 Volt Shear on Horizontal 1188 1498
Unit Substation 0.500-1Inch + Vertical
Breaker Pins
Shear »n Horizontal 586 891
0.125 x 0.375-Inch
Keys
Shear on Horizontal 1188 1498

0.250-Inch Rivets

+ Vertical




TYPICAL 4160 VOLT
SWITCHGEAR CABINET
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FIGURE 3-1
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0.25x2.83-INCH LUGS | e = L] )
DETAIL A . .

TYPICAL 4160 VOL.T
SWITCHGEAR CABINET

3000 AMP BREAKER
SUPPORT ANGLE

SEE DETAIL A

SUPPORT BOX s~
~——

SIDE VIEW

INTERNAL COMPONENTS
OF CABINET

DETAIL OF SUPPORT BOX

4160 VOLT SWITCHGEAR CABINET
FIGURE 3-3




0.5-INCH
BREAKER PINS

DETAIL OF BREAKER PINS

TYPICAL 460 VOLT
SUBSTATION CABINET

RECEPTACLES IN
REAR OF CABINET

RIVETS ATTACHING SLIDE
MECHANISM TO CABINET

FIXED RAIL

/ KEY SLOT

']

SLIDING RAIL

KEY FOR LOCKING
SLIDING RAIL
TO FIXED RAIL

SLOTS FOR
BREAKER PINS

DETAIL OF SLIDE MECHANISM

N
\

SIDE VIEW

INTERNAL COMPONENTS
OF CABINET

460 VOLT UNIT SUGSTATION CABINET
FIGURE 3-4
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