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' OCONEE NUCLEAR STATION ,
SEISMIC CAPABILITY OF EMERGENCY POWER PATH
REQUEST FOR ADDITIONAL INFORMATION

Question 1I:

For each of the structures indicated in Table I, describe foundation condition,
i.e., soil or rock, indicate how soil-structure interaction was accounted for,
discuss what precautions were taken to stabilize the fill soil, Where
applicable, provide the input response spectra, indicate the damping values
and the extent to which a three directional earthquake was considered for the
- design and d:scuss the load combinations |nvest:gated

- Response: .

‘Question 1 has been broken down into six parts as shown below. The response
to each part is found in Table I and its associated notes. :

fa.. -DescriEe foundation ;ondition, i.é., sbi]-or rock;
lb.'irlndicafe how séi]-structﬁre interaction Qas'accodnted for.

lc.  Discuss what precautions were taken to.sfabifize'thé £ill soil;
id. . ProvideAinput:reSponse spectra and indicaie the damping'vafues.
‘le. Give directions of earthquake'considered.:’:

1f.  Give the load combinations investigated.



ITEM ’
'KeQWee'TransformervBase

Keowee Line Pull-0ff Structure
-Bases

Qconee Strain Structure Bases:

Oconee Bus Support Structure
‘Bases

Oconee Wave Trap Support Structure
‘Bases

.‘Oconee Lightning Arrestor Support
. Structure Bases

Oconee Coupling Capacitor Potential

Device Support Structure Bases

" Oconee Dlsconnect Switch Support

. Structure Bases

Oconee  Power Circuit Breaker Bases
Oconee Relay Houée Siab

Oconee Relay House Concrete Block
Wall e

Oconee Relay House Equipment
Supported on Unistrut

Oconee Relay House Relay7Bdards

Oconee Powerhouse 230kV Lfne 8
Shield Wire Pull-0ff Structures

~Oconee Startup Transformer Bases.

Soil

. TABLE I -
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. Nofe‘A:

Note B:

Note C:

-Note,: D:_;_» .

Note E:_

~Note F:

Note G:

X B | (S:he%?) .

Friction between the base and the soil and passive earth pressure -

~acting against the sides of the base are used to resist the

horlzontal sliding forces.

Passive earth pressure acting against the sides of the base is used

"~ to resist overturning forces and horizontal movement

Fill sonl was placed in accordance with Duke Power Company Specnf:cattons
for compacted Group I fill, which requires soil to be compacted to 93% '
of standard proctor maximum density as nndxcated xn Supplement 6 to

PSAR, letter dated July 6, 1967.

Input Response Spectra is given in Supplement #1 to PSAR question 8. S,
plate 4. . The acceleration from the peak of the 2% damping curve was .

used for the static analysis of structures which is taken from page

8.4-1 of Supplement #1. Two percent damping is given for both steel

frame structures and for reinforced concrete eqqument supports.,

. Concrete slabs and footings that are embedded in the soil are -

considered to have the same acceleration as the soil, which is .15g
for the maximum hypothetical earthquakes as stated in Supplement #1
to the PSAR, Question 2.7. ~

A three dimensional earthquake was not used., Seismic forces were
applied simuitanecusly in one horizontal direction and one vertical
direction as described in Supplement #1 to PSAR, Question 8.54.2.

Load combinations were investigated in accordance with Volume II of

the FSAR, Appendix 5A, Structureal Design Bases, Section 5A.3,
'"Design Bases for Class 2 Structures.'" The most severe load

~combinations were dead load plus wind and dead load plus max i mum

hypothetlcal earthquake.

Load combinations were the same as given in Note F except that dead
load plus wind load was not considered because the ntem is located
inside the Relay House,




Question 2: ‘ . :

‘Describe the dynamic model of the transmission line and the towers. Indicate
- how the relative displacements of the ground between the towers during a
seismic event are accounted for. ldentify the critical sections on the
transmission line, the towers, and their foundations, and provide a stress

summary comparing the stresses agaunst the acceptance crlterxa citing the
applicable codes.. :

- Response:

The 230kV transmission line from the Keowee Hydro Station to the Oconee Nuclear
Station is 2596.4 feet in length and consists of two dead~end type lattice
- towers, one suspension lattice tower, and the associated conductors. The

transmission line is designed in accordance with the National Electric Safety A_”
Code..(NESC)_for heavy loading: conditions which is more conservative than the - -

medium loading conditions recommended by the NESC for the location of the -
. ‘plant.

The transmission line conductors are 795 MCM ACSR ''Drake', pulled at a maximum -

tension of 10,000 pounds per the NESC heavy loading requirements, Section 25,
Rule 251... The hardware and insulator ratings are in accordance with the NESC,
Section 26, Rule 261-F, The conductor rating is in compliance with NESC,

Section 26, Rule 261-H. The overhead shield wires are 0.5 inch diameter high
strength steel pulled at a maximum tension of 8,000 pounds per the NESC heavy

loading requnrements, and 'its rating is in compliance with the NESC, Sectlon 26'

Rule 261-I, The structures are designed for NESC heavy loading Grade B
construction per the NESC, Section 25, Rule 252, and Section 26, Rule 261-A&B,

" The dead-end structures and the suspension structure were analyzed as an
unloaded pin-jointed truss by modal analysis for ground motion of 0.15g using
- Strud! Dynal. The resulting stresses for the members comprising these
structures and the ultimate strength of the members are shown on Duke Power
Company drawings 761115~162, The analysis demonstrates that the effects of
0.15g ground motion in combination with the normal dead and live wire loads
will produce no overstress in any load-carrying members. The structures were
analvzed without considering conductor loading because conductors tend to
~ dampen tower vibration and limit tower deflections thus producnng a less
severe. condition,

The overstressnng of secondary braC|ng members in the dead-end structure is
the most critical section of the transmission line (refer to Duke Power
Company drawing 761115~1). However, failure of these secondary bracing
members will not prevent the structure from carrylng its ]oad durlng a
seismic event,

. Question 3:

Describe the dynamic model of the 230kV Switchyard Relay House and provide
the floor response spectra for different locations at which Category I
equipment are supported ~ Identify the critical sections and provide a
stress summary comparing the stresses agalnst the acceptance criteria
from appllcable codes.

—————s 1



.Response:

" Question 3 has been broken down into three parts as shown below. 'Responses
~.are provided after each part. : o

3a..

3b.

3¢l

Describe the dynamic model of the 230kV Switchyard Relay House:

The structural steel superstructure for the Relay House is a rectangular
structure consisting of a roof system supported by columns forming a
rigid frame in the direction of its least dimension and is braced with
diagonal bracing in the other direction. The steel structure is erected
on a slab on grade. : : : -
The original calculations addressed normal live and dead loads and a
wind loading: based on a 95 mph wind., Seismic loading was not considered.

Calculations were performed-in August, 1976 Which_veriffed that the
structure is adequate for seismic loading. Seismic loads were generated

" as presciibed on page 5A-3 of the Oconee Nuclear Station FSAR and were

applied to the frame model previously used to analyze the wind Ioadlng.
Loading combinations and allowable stresses were used as specnfled in-

 'Append|x DA, Sectlon 5a.2 of the FSAR

Provide the floor response Spectra for dlfferent locations at whnch

Category 1 equ1pment are supported:

The Re]ay House is @ single story structure, Since the foundation of
the Relay House is embedded in the soil, the seismic forces acting

upon the foundation was 0.15g as described in the response to Question
1, Note D. The equipment supported by the foundation and the structural
steel framed building were assumed to be subJected to a seismic force of |
0.36g. The basis for this analysis is given in Sections 2.6 and SA 2 of
the FSAR. L

Identify critical sections and provide a stress summary comparlng the
stresses against criteria from applicable codes :

The foundation direct]y under the structural steel columns was analyzed
as a beam loaded in both the vertical! and the horizontal directions.

~The following stresses are the result of the bendlng moments from the

vertical loading:

a) maximum concrete stress: - 0. 967 ksi which is 71.6% of the concrete
-~ compressive stress allowed by ACI Code 318 63 for working stress
desngn.

b) maximum stress in reinforcing: 16.74 ksi which is 83 7% of the
tensile stress allowed by ACI Code 318-63 for working stress design,



- The resulting deflection of 0.088 inch is 16.2% of the allowable
~ deflection permitted by the ACI Code. The horizontal load from the
columns is transferred across the cable trench into the main slab

by horizontal struts made from structural steel channels. The
channels have a maximum compressive stress of 4,00 ksi which is
19.5% of the allowable stress as stated in the AISC Code. The =~
channels are anchored to the sides of the concrete trenches with-
expandable sleeve anchors which are subJected to a maximum pull-

- out force of 3.38 kips which is 29.4% of the load capacity. The
concrete slab along the bottom of the cable trench has a bending
moment which results in the following stresses:

.v3c.(cont'd)’

a) maximum concrete stress: | .38 . ksi which is 102% (]ess than 133%),,
of the ACI. allowable concrete stress. described. above

b). maximum stress in relnForc1ng V.44 kSl whlch is 7.2% of the ACH
allowable tensile stress descrlbed above.

 The resulting deflectlon is-0.003 inch which is 12, 5% of the a]lowab]e
deflection permitted by the ACI Code.

'-Questlon h

Provide the dynamic modél of a typical transformer in the overhead
~emergency power path including its foundation., Discuss the methods used
to seismically qualify the fan coolers mounted on the transformers to
ensure Operabtllty during and after a seismic event, '

Response:

" A quasi-dynamic analysis was used for the design of the transformer foundation.
The dead load plus earthquake load of the equipment was assumed to act at the
center of gravity of the equipment. The dead load plus earthquake load of the
foundation was assumed to act at the center of gravity of the foundation. See
Section . 5A.2 of the FSAR for Justlflcatlon oF this type of analysxs. '

The transformer main tank assemblles with their coil, core, and lead structures o

were designed to withstand longitudinal, vertical, and lateral forces for their
expected Shlpplng envaronnent whlch exceed the 0, 369 selsmuc envnronment at
QOconee,

- Transformers of the same type have had their coolers subjected to cantilever
_ type tests to determine maximum shear and moment capability. Tested values
have been compared with calculated shear and moments resulting from modal -
analysis. These stresses from the modal analysis have been compared with the
yield strength of the steel in these components. The coolers are qualified
to withstand the expected seismic environment - : '

'The self cooled (OA) ratung of the transformer is such that Operatxon of the
cooler fans is not requnred :



Provide a copy of a typical equipment procurement Spec1f:cat|oh'and discuss
the extent and the manner in which the dynamic loads from SSE and OBE were
"~ considered by the SUppller to qualify the subJect equipment .

question 5:

Response:

The typical specification for the Oconee Switchyard electrical equipment did
not contain a requirement for seismic qualification. However, after the
specifications were written, Duke Power Company contacted the equipment
_ suppliers either verbally or in written correspondence and requested seismic.

| qualification data for the equipment being supplied. In August, 1976, it

. - was determined that a portion of the records required-to confirm the seismic. -
capability of the switchyard electrical equipment could not be~!cca;edi. AT
“that time the appropriate suppliers were contacted. for ‘the necessary~
documentation which has been recenved :

' The equipment, all of which is supported by foundations or structural steel,
was assumed -to be subjected to a seismic force of 0. 369 as indicated and
JUStIfIéd in the answer to Questaon 3b. ' .

R guestlon 6:

- On Table 1I, identify clearly, for each of the items qualified by a combination
of test and analysis, the portions which were qualified by analyses, and the
. portions which were qualified by tests. Provide some typical results for the
B ~ qualification program for the 230kV Power Circuit Breakers (PCB) and supportxve'
£ equipment. .

Response:

- The 230kV disconnect switches, 230kV coupling capacitors, and the 230kV
lightning arrestors were qualified by manufacturer's type testing. - The =
manufacturer's type testing data was used to verify assumptions employed
in Duke Power Company analyses performed in August, 1976. These analyses
verify the seismic capabi]ity of the equipment as instaYled

'The 230kV transformers have been addressed in the response to Questlon L,
The 230kV PCB's have been qualufued structurally by analysis performed byﬁ

Agbabian Associates and verified by low level tests. For additional R
:nnformatlon refer to the Questlon 7s Note I response. ' ' oo

-The Relay House panelboards consist of three general cabinet types whlch
were qualified by analysls., All equipment mounted in these panels was
~qualified by test. ' o '




- Question 7:

~ For items or portnons of items quallfled by analysis provnde the follownng
' |nformatlon

a.

State whether the analysis method was static or dynamic, and justify -

"~ your selection. .

f.

Provide a diagram of the math model used for each equipment item.

. Provide input loads used in the ahalysis and point of application,

Show locatlon and magnitude of the hlghest stress |ntenS|ty and-
deflection, and list the correspond:ng margins of safety.

Verify that the operability of each equipment item was considered: in-
your analysis and provide a discussion on how the calculated deflections
were considered in relation to the operability of the component.

Define the acceptance criteria used in the operabi]ity-analyéis;

Response:

Question 7 has been broken down into six parts as shown beldw.  The response
to each part is found in Table IT and its associated notes. o

7a.

7b.

7c.

7d.

Jje.-

7f.

State whether static or dynamic analysis_was used and justify. -
Provide math mode 1 used for each equipment item.
Give input loads and point of‘app!ication.

Indicate location and magnitude of the h:ghest stress and deFlectlon
and list the correspondlng margins of safety.

Operability considerations_’f

0pera5ility acceptance criteria




ITEM

leowee Transformer Base

{eowee Line Pull-0ff Structure Bases

)conee Strain Structures & Bases

Jconee Wave Trap Support Structure
Bases = | .

Dconee Lightning Arrestor Support
htructure & Bases :

Dconee Coupling‘Capacitor Potential
evice Support Structure & Bases

Jconee Disconnect watch Support _
ptructure & Bases : :

hconee Power Circuit Breaker Bases

conee'ReIay House Slab e-

'conee Relay House Concrete Block '
all

hconee Relay House Equipment
nistrut Supports

Dconee Relay House Retlay Board :
‘nchorage

Dconee Powerhouse 230kV L|ne &
Shield Wire Pull-0ff Structures

Jconee Start-Up Transformer Bases
?30kV Disconnect‘Switches:

'30kv Couplung Capacutor Potential
Device -

v30kV.Lightning Arrestor_~
230kV Bus Conductor (Switchyard Sys)

230KV Power Circuit Breakers (PCB)

iconee Bus Support Structure & Bases

TJABLE II
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Note

_ Note

Note

Note

' Note
Note
Note

Note

Note

_’Note'

- Note

“Note

Note

" Note

. Note

Note

- Note

Note

' Note_

J

- Dynamic

Not
Nof

Not

Not

Not.

Not

Not

‘Not

Not

»Not

Nof
Not.
" Not

Not

Not

Not
- Not
»Not

~Not

Used

Used

Used. .

Used

Used
Used

Used

Used

Used

Used

Used
Used
Used

Used

Used -

Used:

Used

Used‘

Used

‘Note I.

_ e

Note

Note
Note
Note

Note

Note.

Note

~Note

Nofe

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

LEW

Lew:

LeX

LeX

LEX

LeX

LeX

2

Note

~Note

Note

Note

Note.

Note:

Note

Note

Incomplete N/A -

" Note

Note

Q
R

R

Ie

- N/A

M/A
N/A -
N/A

N/A -

N/A.
N/A

- N/A

N/A-

(Modification
Required)
- Note W N/A
Note T . N/A
" Note U N/A
Note V. N/A
Note Y
Note AA N/A
H ' Note
Note H ;. Note
Note H "o, Note
" Note H _ Note
Note

.i‘Zi :

N/A

N/A

/A

N/A

H/A

NAL

N/A.

N/A

N/A

N/A

N/A'i'

N/A
N/A

N/A

| N/A_ :

 ANote'

Note

Note
Note

Note




ITEM

30kV Relay House Lighting System
conee Relay House Panéls & Equipment

conee Relay House Roof Drain Piping
ystem :

conee Relay House HVAC Duct System

conee Relay House Atr Handling Unit

(Sheet 2 of 10)
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Note J
Note BB

Note CC

Note CC

Note CC

Ib
Not Used
Note BB

Note DD

Note DD

Note DD

Note EE

@
I
Note Z

Note BB

Note EE

Note EE

ld- .

Note Z

Note

Note

Note

- Note

BB
FF
FF

FF

N/A

Note BB

Note GG

. Note GG

} Note GG

Note BB

Note GG

Note GG

Note GG

1£:, 
N/A




T - ... e

. : JABLE 1T B -
_ ‘ " (Sheet 3 of 10) o ‘
‘ }Nete H: The dlsconnect swntches, couplxng capacitors, lightning arrestors,

~and the bus conductors of the 230kV Switchyard were analyzed using
a quasi-dynamic method. Seismic loads were obtained as outlined
on page 5A-3 of the FSAR., Loads were applied at.the center of
gravity of all components (supports, insulators, bus, ete.), and

~ highest calculated stresses were compared to the values listed in:

. FSAR Section 5A.2., Maximum deflections were calculated for each !
component, and these deflections were used to verify that flexible -
connectors were adequate. Manufacturer's test data was used to
verify assumptions used in the calculations. As relative displacements
between components are provided for and stress levels are well below -
maximum allowable levels, the operability of the -switchyard bus and
its assocnated components is ensured under seismic loads.n

Note I:" The PCB's were analyzed using a dynamic finite:- element anaiysis:

with both a simplified mode! of the entire breaker and a detasleu
‘model of one tank assembly. A description of the analysis is
contalned in the Agbabian Associates' Report M-7242-2619, (Figures -

» 3, and 5 of this report are included at the end of these notes.)
Low level testing was also used to verify the results of the
analysis. Operablllty of the equipment under seismic loads was ,
not considered in this analysis; however, the structural |ntegrlty
of the breakers was ensured,

Note J- A quaSi‘dY"amiC ahalysis was used. The basus for this analys»s is o
given in Sections 2.6 and 5A.2 of the FSAR o _

act at the center of gravity of the equipment.. The dead load plus
earthquake load of the base was assumed to act at the center of
gravuty of the base. :

- Note L: The reaction of the ‘'superstructure due to the dead load plus.
’ earthquake load was applied to the top of the base, The dead
load plus earthquake load of the base was applled to the center
of gravity of the base

‘Note K:_ The dead load plus earthquake load of the equipment was aseumed to - A ' 1
|
|
|
\

" Note M:" The horizontal earthquake load was app]:ed as a uniform Ioad along =~ =~~~ .
the entire face of the concrete block wall. The vertical earthquake ‘
load plus the dead load was applned at the center of gravtty of the

-concrete blocks. - : _ :

" Note N: The earthquake Ioads plus dead loads of the equupment supported by
~unistrut were applied at the centers of gravnty of the equlpment. di

Note O: The earthquake loads plus dead Ioads of the relay boards and duplex
‘ cabinets were applaed at the centers of gravnty of the duplex
~cabinets. )

‘Note P: The earthquake loads plus dead loads carried by the structural
" steel columns were applied at the bases.of the columns. The
earthquake loads plus dead loads of the equipment were applied
at the bases of the equipment. The dead load of the slab and the :
vertical earthquake load of the slab were applied uniformly to the . -
top of the slab, The horizontal earthquake load vas applled to the |
center of gravity of the slab ' |
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Note Q: The transformer has a safety factor of 1,13 against overturning
and a safety factor of 1.37 against the transformer base sliding
_in soil, Restraints were required to prevent the transformer from
sliding on the base. The highest stress in the restraint is a mid
span bending stress of 19.96 ksi which is 91% of the allowable
- stress as stated in the AISC Code.  The resulting deflection is

0.02 Inches which is L0% of allowable,

Note R:  The minimum factor of ‘safety against overturning is 3.08. The

maximum stresses due to bending in the reinforced concrete base

are as follows:

. a) Maximum concrete stress: 1. 3 ksi, which is 97% of the concrete
compressive stress allowed by ACI Code 318-63 for working: ..

- stress de5|gn.

b) Maximum stress in reinforcing: 25.9 ksi which is 129% of the
tensile stress allowed by AC! Code 318-63 for working stress
design. (ACI 318-63 for working stress design permits 133%
of allowable stress for loading comblnatlons that - lnclude wind

- loads or seismic loads )

Note S: See table below:

"Critical Soil Pressure :
Actual Actual as a %

Soil = of Allowable

. Depth  Pressure Determined By

Item "‘ " (Feet) (KSF) Testing
Bus Support 2,94  0.649 Lg%
‘Wave Trap ~ 2.32  .0.732 o 60%

Lightning  2.51.  0.546 L8%

Arrestor . . ' : o
Coupling  2.28 ~~ 0.9%2 91%

~ Capacitor R
" Disconnect 8.875 -3;57 98y .

Switch-

Maximum Bendihg Stress Im
Reinforced Concrete Footing

~Actual as a %
of Allowable

Depth  Permitted By ACI - Code

- {Feet) Concrete . Reinf.sl‘
2.9k 8% ko
232 127 106
250 5% 37%
2.28 S tae% o 07%
2.0 6% 98%

ACl 318-63 for work!ng stress desngn permits 133% of allowable stresses for

”-]oadlng combinations that lnclude W|nd loads or seismic loads.

Note-T: ‘The maximum stress in the steel support for the concrete block wall
. is a bending stress of 5.76 ksi at the bottom of the support. This
stress if 26% of the allowable stress from the AISC Code. The
resulting deflection of 0.21 inches would occur at the top of the
support. The deflection if 64% of the allowable deflection from =
the AISC Code. The stress in the horlzontal joint reinforcing is-

28% of the a]]owable stress.



:Note U:

Note V:

Note W:

Note X:
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The maximum stress in the unistruts occurs in the vertical

_unistruts supporting the DC panelboards., The maximum stress

of 8.79 ksi is the combined stress due to bending and axial load
and is 76% of the allowable stress. The resulting maximum
deflection, which occurs near the middle of the members, is 0.28

inches. This deflection is 85% of the allowable deflection as
stated in the AISC Code.A

The hlghest'stress occurs in the steel channel embedded in the
concrete floor. Seismic forces acting on the relay boards will

" induce a bending stress of 7.55 ksi in the channel which is 32%

of the stress allowed by the AISC Code. The resulting deflection . -

- in the channel would be 0.006 lnCheS which is. 12% of. the deflection..
~ allowed by the AISC Code.

.The Kéowee 230kV Line Pull=0ff Struttures and tﬁe Qconee 230kV

Strain Structures are made up of a series of A-frames connected
by two beams, laced together to form a truss, which forms a
rigid frame structure.

’The'origihal calculations were performed by Lehigh Structural - .
"~ Steel Company in accordance with Duke Power Company's Specification

05-343/KS-343. The Specification addressed normal live and dead
loads, line pulls, wind loading based on winds in excess of 95 mph,

‘and seismic loading as prescribed on page 5A.3 of the Oconee Nuclear
- Station FSAR. Loading combinations were in accordance with Appendix
" GA, Section 5A.2 of the FSAR. Lehigh concluded that load combinations

with seismic loads were less critical than other load combinations.
Additional calculations were performed in August, 1976 by Duke Power
Company which ver|f|ed Lehigh's conc]usnon.

The 230kV Swntchyard Bus Support Structure Wave Trap Support ;

Structure, Lightning Arrestor Support Structure, Coupling Capacntor

Support Structures, and Disconnect Switch Support Structures make

up what is termed the 230kV Switchyard Low Structures. These
structures are all single leg cantilevers from a concrete foundation
with the exception of the Disconnect Switch Support Structure which
consists of two cantilevers sharing equal loads.. '

These structures were originally purchased per designs which had
been successfully used in the past and, therefore, no original

calculations are available for these specific structures.

Calculations were performed in August, 1976 which addressed normal.
-live. and dead loads, wind loading based on a 95 mph wind, and seismic
loads. Seismic loads were generated as prescribed in page 5A-3 of
the Oconee Nuclear Station FSAR. Loading combinations and allowable
" stresses were used as specified in Appendix 5A, Section 5A-2 of the

FSAR. All calculated stresses for all Ioadlng comb:nat:ons were less
than the allowable stresses. :
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Note Y: : The 230kV lines to the Powerhouse at Oconee from Keowee pull—off

directly from the Turbine Building superstructure which is designed
from normal live and dead loads, wind loads based on a 95 mph wind,
and seismic loads.

The shield wires associated with these 230kV lines pull from Shield.

Wire Pull-0ff Structures located on the roof of the Turbine Building. = .

o . These structures consist of two A-frames connected by beams forming
-+ rigid frame structure,

Calcu]ations were performed in August, 1976 which addressed normal -
B live and dead loads, wind loading based on a 95 mph wind, and
S seismic loads. Seismic loads were generated as prescribed on page
5A-3 of the Oconee Nuclear Station FSAR. Loading combinations and. -
allowable stresses were used as specified. in. Appendsx GA, Section. -
©  5A=2 of the FSAR. The results of this analysis indicated that the ..
‘structures should be braced in the direction of the rigid frame,
- Bracing was designed and the structures were modified accordingly.

Note Z: The mounting of the lighting system for the 230kV Switchyard Relay
S House was reviewed in September, 1976 for seismic loadlng. The
. conclusion was that .the mounting is adequate for seismic loading
- based on the follownng

The llghtnng fixtures are connected to the roof beams of of Relay
House by means of P1000 unistrut members spanning between the .
roof beams. The unistrut is connected to the beams using 1/8*%
fillet welds, and the Iigh* fixtures are connected with 1/41 ﬂ
machine bolts. : :

Roof Beam Spacing . .'. 12 8 v L

~Capacity of P1000 Unistrut for 6'0“ span. « « » 560 Ibs, :
(Unxstrut Catalog #7) :

D © Ccapacity of 174 9 Bolt in Tension . .« ... . (0.32 in.2) (20 ksi)—sho' Ibs.
; | | ,.Capac1ty of 1/4" @ Bolt in Shear .:. Q . ; ; . (0.49 ln.z)(lo ksn)—490 lbs.
'vCapac:ty of One Inch of 1/8' fillet weld. .'Q;. 1800. Ibs.;d
Wenght of L:ght Fixture . . . o o o 0oL 28 Tbs.

Note AA: -The transformer foundation has a safety factor of 1.83 agaunst _
’ ~overturning, a safety factor of 1.04 against sliding,and a minimum
"solil bearnng pressure safety factor of 5.43., The highest concrete
stress is at the pedestal-base slab interface with a stress of 0.407
- ksi, which is 30% of concrete compressive strength allowed by ACI o
-~ Code 318-63 for working stress design.  The highest reinforcing steel
stress is at the same point with a stress of 15.95 ksi which is 80%
of steel tensile stress allowed by same code. Maximum structural
steel stress is a shear stress of 15,66 ksi which occurs in a seismic
anchorage member, This represents 108% of normal allowable capacity
_but is less than 133% capacity allowed by AISC Code for seismic loads.
No deflections are computed for this loading condition. All concrete
members meet provisions of ACI Code 318- 63, Section 909, . whlch -
eliminates need for deflectton check. .
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Note BB: The three types of Relay House cabinets were qualified by Wyle
' : Laboratories using a dynamic finite element analysis employing
the ANSYS computer code. The math model used for each cabinet
type is shown in Figures 1ka, 14b, 17, and 21 of Wyle's Report

No. WR 76-17 (included at the end of these notes). The input

- load used is shown by the 1% damping curve of Figure I' (horizontal

~'and vertical floor response spectra) which is also included at the
end of these notes, The load was applied at the cabinet base,

The location and magnitude of the highest stress intensity and
deflection and the corresponding margins of safety are shown. below. .

" Cabinet Type | Max Stress b_ Location fﬁ'ﬁarqfn i Deflection..
Hof fman 249 psi-bending - Node 17 = l32%‘f'.TéB*]fe‘~VII»(fEnd:‘é-‘-;%_-‘;i
- o 83 psi shear » o of Notes) S
Wéstinghouée ' 931 psi axial . Element 27 = 20% ; No Signiffcant -
. - 9919 psi bending o _ Deflection
UEC 297 psi axial  Element 32 30%  No Significant
. ' 12,885 psi bending ’ N - Deflection

|
1
|
Operability of each equipment item was verified by test. RRS for each I

component was determined by time history input to base of cabinet, '

and RRS at component location was determined. : : I
"Note CC: A static method was used for the seismic load calculations. Justification

for using this method is based on the calculated rigidity, i.e., :

natural frequency of the systems. For the HVAC duct system, the -

 computed natural frequency was: : SR S -

fn = 45 Hz
For the roof drain piping system,vthe computed natural frequency was:
fn = 59 Hz

Since these frequencies are greater than 33 Hz, the systems are rigid,
and the analysis method is justified., These frequencies were
calculated assuming the duct and pipe as simply supported beams .
between supports. It should be noted that the actual acceleration
used to compute the seismic loads was 0.36g which corresponds to a
frequency of approximately 5.5 H, (based on the recommended response
spectra at 2% damping). For the air handling unit, no statement .
concerning its rigidity could be made. To account for this when S
employing the static analysis approach, an acceleration of 0.50g © -

was used to determine the seismic loads. This is 1,32 times the -
peak of the response spectra at 2% damping. ' ‘ '
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~ Math models used for the systems are as follows:

HVAC Duct System - The duct was modeled as a simple beam

- between supports providing similar restraint directions.
" Typical supports and their correspondlng restraxnt directions

are shown below

<

: : r(&#——-— YW

y restraint

Duct . | - - ] Duct

Joint

y and x
restraint

~ Duct

(y is vertical)

~ Math Model _ Y aniﬂ z Tt: Duct
(Duct In Plan View) restraint

Supports were located at each duct joint to limit spans (and

- deflections) and to assure the integrity of the joint connection,

B Using this simple beam model and the static approach, seismic

‘Note DD:
)
b)
c)

(y is vertical) 228 L
: A / -ﬁ— aj/
o | Building Wall Restraxnt - .

hanger loads were calculated, and the designed restraints were
analyzed

Roof Drain Piping System = This system Was modeled in an .
identical manner as the HVAC duct system. Distances between

‘restraints (beam lengths) were based on the recommended spans |

from available plplng analysis tables., Hangers were designed
to provide the same type of restraint directions as those used

" for the HVAC duct sy<tem and seismic loads were calculated in
@ similar fashion, : :

‘Air Handling Unlt - The unit was modeled as a distributed mass -

capable of free movement in both horizontal directions. This
conservatively assumes zero shear capability provided by the.

~existing anchor bolts. Resultant horizontal point loads for

the distributed mass were calculated using the static approach.,
The restraint system, which is a three-dimensional truss, is
desngned to resist these horizontal loads. The math model for -

the air handling unit is shown below (in plan view).

. !{::;lockYWall——Ei,

il
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Note EE: ' Input seismic loads applied to the designed réstraints and their
points of application are shown below. All loads shown are max imum.

~a) HVAC cht'System Restraints

z.: )  _{? fﬁ.: , f?'

x,
Sy - |
(y is vertical) =~ leA 1
_ g ‘ o ,‘ } ,
- Py = 108 1bs. Px = 182 Ibsi. - Py =:108 lhs. .
' Py = 191 Ibs.. Pz =995 ibs.
~b) Roof Drain Piping System Restraints
x ' 2 - 5 B 7

v A o o -} >\\\g; : + Px
P - I N &
(y is vertical) - > .77‘ + Px

Px = 77 Ibs. - 1 Py A
Py = 201 1bs. ' : - Px = 80 lbs.
' Px = 40 1Ibs. - Pz = b4 1bs.
Py = 276 lbs. .
c) Air Héndling Unit Restraint o
—k
:PxA o o .
- | — . Px = 788 lbs. -
: Y ' =Pzp  -Pzp : .- Pzy = 188 Ibs. :
~(y is vertical) =~ ! | o Pz, = 600 Ibs.




. Note FF:

Note GG:
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Stress analysis was performed for all'deéigned reétraints. Calculated
stresses were compared to allowables as given by the AISC Manual of
Steel Construction for the type of stress experienced. Minimum

factors of safety (over allowable stresses) for the restraint systems
are tabulated be]ow

HVAC Duct System - Minimum F S = 1,25
Roof Drain Piping Systems. - Mlnim um F S =1, lh
- Air Handlsng Unit - Minimum F. S = 1,39*

*This margln is in reference to the design loads since an acceleration-
of 0.50g in lieu of 0 369 was used for the seismic load calculatlon. o

- Since all resfralnt systnms were desngned on a. rugnd bas.is. and .Hﬂ -

relative magnitude of the applied loads is small, deflections will
be neglible, Listed below for each restraint system is the magnitude
of the highest stress encountered by a designed support for that
system.

SYSTEM ~ TYPE OF STRESS _'-  WAGNITUDE  ALLOWBLE

HVAC Duct . . Shear on Throat of Fillet 2437 psi - 18,000 psi

Roof Drain Pipfng . Shear on Throat 6f Fillet 15,753 psi 518,000 psi:

Air Handling Unit  Bending 15,728 psi |21,600 psi

The designed restraint systems do not guarantee the post-earthquake
~operability of the equipment, but do assure that they will remain ln
their pre-earthquake relative pOSltlonS and confxguratlons.




INFORMATION FROM AGBABIAN ASSQCIATES
 REPORT M-7242-2619
FIGURES 1, 3 & 5

(Refer to the Response to Question 7, Note I)
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(a) SIMPLIFIED MATH MODEL

FIGURE 3. SF-6 GAS CIRCUIT BREAKER ASSEMBLY
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(a) DETAILED MATHEMATICAL MODEL BUSHING AND INTERRUPTER/SHIELD WITH SUPPORT PLATE

FIGURE 5. TANK NO. 1 OF SF-6 GAS CIRCULT BREAKER
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(b)) PARTIAL PLOT OF THE DETAILED f‘ATHFr‘ATICAL N”DEL TANK OUTtR D(AHETER
AND BUSHING POCKET, LEFT HAND : : ,

FIGURE 5 (CONTIN :o)
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(c)

PARTIAL PLOT OF THE DETAILED HATH‘HATICAL HODEL TANK. OUTER DIAHETER |
WTH BUSHING POCKET, RIGHT HAND ‘

’

FIGURE 5. (cour|nuso)
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INFORMATION FROM WYLE LABORATORIES
REPORT NO. WR 76-17

FIGURES T, 1ha, 14b, 17 & 21
TABLE VIT

(Refer to the Response to Question' 7, Note BB)
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. Figure 14a. Math Model o H07fman Cabinst
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TAELE V1L,
SUTBIARY OF MAXIMGM DISPLACIHINT OF HOFFMAN CABINET
| CIAXTHMUN DISPLACEHENTS (LNCH).
LocATION L-DIRECTIO7 Y-0[3ECTION Z-DIRECTION
> (FRONT-T0-8AC¥) | (SIDE-T2-S1DE) (VERTICAL)

Hounting
Plats -

(Nodal point 27)

Cabinet Back Panal
[Nodal points 16 & 17)

Cabinet Tep Panel
(tlodal points 14, 15
and 16)

b

+0.0014

+0.0062
+0.0062-

+0.0052

+0.0080

1£0.0084

+0.0004




Question 8: - ' . o

In view of the size of the emergency power path, provide a discussion on
detailed inservice inspection and maintenance program to ensure nntegrlty

~and serviceability of the structures and equipment incorporated in the:
emergency power path. Parameters required to be monitored, for example,
may be tension in overhead cables or deflection of towers. Indicate your:
intent to incorporate the proposed inservice inspection and test frequency
in the techn|cal specifications of the three nuclear power paths.

ResEonse:_

The inservice inspection and maintenance of the Keowee and Oconee 230kv
Power Path structures and components is performed by station personnel
and Transmission and Electric Installation Department personnel,” This .~
|n5pect|on work consnsts of the follownng items:

I. Safety-related power circuit breaker are. lnspected on an annual basis.
This inspection includes a check of mechanical linkages, contacts, gas
system and auxiliary components. PCB status is monitored by control
room alarms. Non- safety-related PCB's are manntalned on a two or three-
year basis. : :

2. The Keowee step-up transformer and the Oconee startup transformers are
checked annually to verify conductor and insulation integrity. Alarms
monitor this equipment while it is in service. Voltmeters and ammeters
associated with the transforners are calibrated annually.

3. The overhead transmission lines, towers, and insulators on the Keowee
to Oconee 230kV tie line are inspected by helicopter every sixty days.
In addatlon, the towers are climbed and |nspected every six months.

L, The 230kv sw:tchyard DC system surve:l]ance consists of da:ly and
monthly battery cell inspection and annual battery capablllty testing as’
detailed in the Oconee Technical Specuf:catlons.

5. Meternng and relaylng associated with safety related lines and buses
are tested annually to ensure proper operation and calibration.
Protective transmission and receiving circuits essocuated wnth certain
line breaker relays are: tested monthly.

6. Vlsua] xnspectlons of the QOconee and Keowee transformers are performed
by operators on a dally basis during plant tours. Switchyard inspections
would be performed in response to control room alarms or durnng the
clearance of eqU|pment for maintenance,

7. The 230kV Relay House air- condltlonlng is monitored by loss of voltages
and high temperature alarms in the control room.

The frequency'of the maxntenance not presently required by Technical
Specifications may be decreased based upon the results of the current.
annual schedule, [t is anticipated that a maximum equipment lnSpectnon
interval of three years will result from this eva!uatlon

The Foreo01ng is the extent of the in-service inspection and maintenance for
the emergency power path. There is no intent to incorporate this schedule in
the Qconee Technical Specifications.




