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ABSTRACT

In response to a March 12, 1981 request from the NRC staff,
'

Detroit Edison evaluated seismic design margins of the

Fermi 2 plant for seismic spectra greater than the design

basis earthquake. This report presents the results of that

evaluation, including the development of site-specific'

ground spectra, floor response spectra, identification and

evaluation of essential equipment, and evaluation and over-

view by an independent consultant. The results show that

sufficient design margin exists to assure that systems

necessary to achieve safe shutdown and cooldown will con-

() tinue to function following the postulated site-specific

safe shutdown earthquake.
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1.0 INTRODUCTION

CE) |
I1.1 Program Description
l

The supplementary seismic evaluation program was implemented

by Detroit Edison in response to the NRC staff's request |
for information. The text of this request is presented

in Appendix 1.1. This effort consisted of six parts:

,

1. development of site-specific ground response spectra

for a magnitude 5.3 + 0.5 earthquake at the Fermi'-2

site

2. development of floor response spectra

3. assessment of the integrity of key structures under

the effects of the new SSE

() 4. identification, analysis, and assessment of equip-

ment in systems required for safe shutdown

;

; 5. identification, analysis, and assessment of piping

L..d supports in systems required for safe shutdown

6. assessment of the seismic evaluation progran

i

1.2 Summary of Results

In the Interim Safety Evaluation Report (SER) for Fermi 2,

the NRC staff indicated that the seismic design basis for

| the Fermi-2 plant presented in the FSAR was considered accept-

able. Detroit Edison believes the seismic design basis

of the Fermi-2 plant remains adequate; in addition, the

1-1
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,

O resu1ts of the sugetement tv eis ic ev tu eion re2#eseea
by the NRC staff and reported in the evaluation confirm

the adequacy of the ." r' .-2 seismic design even for an earth-

quake substantially n.gner than the design basic earthquakei

(DBE). The results of the evaluation confirm that safe

shutdown of the Fermi-2 plant can be achieved under the

site-specific seismic conditions stipulated by the NRC staff.

:

i
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O

O
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Text of March 12, 1981 Telecopy
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APPENDIX 1.1

The following telecopy was received by Detroit Edison from

the NRC on March 12, 1981, and retyped by Detroit Edison:

As described in the Fermi 2 Final Safety Analysis

Report (Section 2.5.2.1), the Fermi 2 site is

located within the Central Stable Region of North

America. In the current staff Operating License

review of the seismological input it has been

determined that the design response spectrum for

the Fermi-2 site is not consistent with that cur-

rently acceptable to the staff. Discussed below
is the staff's current view as to the best

approach to specifying the controlling earthquake
(and associated response spectrum) from the

Central Stable Region.

The controlling earthquake we would currently

require to be used in determining the Safe Shut-

down Earthquake (SSE) for the Fermi 2 site is
similar to that which occurred in Anna, Ohio in

March 1937, and has a body wave magnitude of
5.0-5.3 (m L ), and Modified Mercalli Intensity

bg
(MMI) of VII-VIII. We have observed that the
recent July 27, 1980 Kentucky earthquake also had
a magnitude of about (m b ) 5.2-5.3 and occurredbg
in the Central Stable Region.

The following alternatives of characterizing the

SSE would be acceptable to the staff and are con-

tained within the staff's Standard Review-Plan
(SRP) Section 2.5.2. The Anna, Ohio earthquake of

O
A1.1-1



March 1937 is the largest historic earthquake (in j

terms of intensity) in the Central Stable Region.

) This earthquake had a MMI-VII-VIII and should be.

cssumed to occur near the site (Appendix A, Part

100, SRP Section 2.5.2). Using this intensity and

the Standard Review Plan approach (NUREG-75/087)
indicates that the Regulatory Guide 1.60 stan-

dardized response spectra be anchored tt 0.19 g as
| determined by the trend of the means of the inten-

sity acceleration values in Trifunac and Brady
(Seismological Society of America Bulletin, V. 65,

1975). An alternative method of describing the

SSE and response spectra resulting from an " Anna"
type earthquake (and other similar magnitude

events) assumed to occur near the site involves
using the magnitude. Magnitude may be a more

realistic estimate of earthquake size than inten-

sity (see for example the sequoyah OL review).
Therefore, a description of the SSE can also be

() obtained by collecting representative real time

histories for a magnitude of m Lb g = 5.3 + .5 (this

corresponds to a M of about 4.9 to 5.9 usingg
Chung and Bernreuter, 1980), and epicentral dis-

tances less than 25 km at rock site (the plant

foundation is on rock). Such a collection has

been made by Lawrence Livermore Laboratory (LLL,
Draft, Seismic Hazard Analysis: Site-Specific

Response Spectra Results, August 23, 1979) but it

would be beneficial if you update this data set as

necessary. It is the staff's position that the

representation appropriate for use in establishing

the SSE is the 84th percentile of the response

spectra as derived directly from the real time

histories.

Al.1-2
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We are available to meet with you as soon as

/~N possible to discuss the above approach in order
. ('-) that the best available data and method cf'

describing (input) vibratory ground motion can be

utilized for the site.

Additional clarification on the conduct of the supplementary

seismic evaluation was provided by the NRC staff in a

March 27, 1981, meeting with Detroit Edison. The following

ten points were stressed:

1. The new site-specific earthquake is not to be a new

design basis earthquake (DBE), but Edison is required to

evaluate and assess the plant capability to achieve

safe shutdowr. following the new, higher earthquake.

2. Loss-of-coolant accident (LOCA) loads ano pipe break

loads are not considered coincident with the site-

specific SSE. For piping and equipment, normal oper-

() ational loads are considered with the site-specific

SSE.

3. Operability and functionality are considered for key

equipment and components.

4. Survivability may be assessed in terms of ultimate

structural capacity using actual material strength (not

Code required limits or material strengths) . However,

Code required limits should be used as an index in

assessing margins.

5. 10-20% ductility may be used where appropriate and

justified. Higher damping values may be used if justi-

fled by commensurate stresses. However, damping should

not exceed that allowed by Regulatory Guide 1.61.
,

l

I

A1.1-3
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6. Structures, systems, and components required for shut-
_ down and cooldown must be assessed.

7. The reassessment shall be based on a Regulatory Guide

1.60 spectrum anchored at 0.19 g or a site-specific

spectrum based on an 84th-percentile spectrum of 5.3 +
0.5 magnitude earthquakes. In lieu of the site-

specific spectrum, the Lawrence Livermore spectrum,

adjusted to include far-field strong motion effects and

justified for use as a Fermi-2 site-specific spectrum,

may be used.

8. Racks and panels may have additional margins due to use

of conservative spectra and damping. Some may be
,

I assessed by inspection and judgment.

9. Buried pipe and duct must be reevaluated in light of a

soil spectra application and ground motion effect.

(]) 10. Probabilistic approaches may be used in areas of

extreme hardship.

|

|
|

|

|

|
,

|

|

A1.1-4
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2.0 DEVELOPMENT OF SITE-SPECIFIC GROUND RESPONSE SPECTRA(}
The seistic spectra used as the design basis of the Fermi-2
plant are presented in Section 3.7 of the Fermi-2 FSAR.
These spectra were developed prior to the present guidelines
used by the NRC, as contained in Regulatory Guide 1.60.
In the March 12, 1981, telecopy from the NRC (see Appendix 1.1)

it was stated that the deJign respcnse spectrum (SSE) for

the Fermi-2 site was not consistent with that currently

acceptable to the staff and that the SSE response spectra

for a controlling earthquake should be defined by using

either:

| 1. the standardized response spectra of Regulatory

Guide 1.60, anchored at an acceleration value deter-

mined from the intensity-acceleration relationship

of Trifunac and Brady (0.19 g), or

O 2. site-specific response spectra developed from real-

time histories of earthquakes whose magnitudes are

5.3 + 0.5 and whose distance from the recording

station, and foundation conditions are considered

representative of the Fermi-2 site.

In the March 27, 1981, meeting Detroit Edison maintained
that the Fermi-2 SSE is the design basis for the plant;

however, they did commit to the development of site-specific
spectra to be used for reassessing plant structures, systems,
and components required for safe shutdown and cooldown of
the plant. Detroit Edison retained Weston Geophysical to

develop these spectra. The development and basis of a site- ]
specific spectrum to permit the supplementary seismic evaluation
to proceed are described below.

| ()
!
1

| 2-1
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O 2.1 Site Specific Spectrum

2.1.1 Horizontal Spectrum

The site-specific horizontal spectrum was developed from

examination of two site-specific spectra developed for a

nearby earthquake of magnitude 5.3, recorded on hard rock

sites, like that of Fermi-2. One of these spectra was developed
i

by Lawrence Live more Laboratory and presented in their

draft report entitled, " Seismic Hazard Analysis Site Specific

Response Spectra Results," dated August 23, 1999. The other

available spectrum was developed by Weston Geophysical for

an eastern United States hard rock site, based on a nearby

magnitude 5.3 earthquake. The 84th percentile of these

spectra (the percentile specified by the staf f) were similar

to each other and to the Regulatory Guide 1.60-shaped spectrum

| in the higher frequency range (frequencies higher than approximately
73
(_) 4.5 Hz). As shown in Figure 2.1-1, a Fermi-2 site-specific

response spectrum was conservatively assumed to have the
shape of the Regulatory Guide 1.60 spectrum anchored at

0.15 g in that higher frequency range.

The low frequency portion of the site-specific response

spectrum is controlled by the large, distant earthquakes.

I In the judgment of Weston Geophysical, the lower frequency

range of the Fermi-2 SSE spectrum adequately reflects the

! influence of large earthquakes in the New Madrid area and

in the western Quebec seismic zone, both more than 500 kilometers

from the Fermi site. Thus, the low frequency portion of

the Fermi-2 site-specific spectra shown in Figure 2.1-2

is the same as that of the Fermi-2 SSE shown in FSAR Figure
4

3.7-3.
6

O

2-2

, _ _ _ _ _ - . . _ _ _ _ . . _ _ _ . . _ _ _ . _ _
_.



2.1.2 Vertical Spectrum

Section 3.7.1 of the Fermi-2 FSAR describes the original

vertical seismic design basis of the plant. vertical floor-
I response spectra were developed from four vertical time

histories presented in Section 3.7.1.2 of the FSAR and in

Reference 2-1. Sargent & Lundy reexamined these vertical

time histories to determine a site-specific vertical spectrum

in conjunction with the site-specific horizontal spectrum.

In accordance with the guidance from the NRC staff, the

expected vertical spectrum is assumed to be a Regulatory

Guide 1.60 spectrum with 7% damping anchored at 0.1 g, two-

thirds of the anchor point of the horizontal spectrum, 0.15 g.

This was compared with a 5% damped spectrum based on

the average of the four vertical time histories used previously.

The Regulscory Guide 1.60 spectrum and the average time

history spectrum are shown in Figure 2.1-3. Comparison

() of these spectra shows that the former exceeds the latter

by approximateJy a factor of 1.6 at the dominant structural

periods of 0.081 seconds and 0.059 seconds.

;

The data used to obtain the average real-time spectrum in-

cluded gaps in certain frequencies. The original records

of the Taft and El Centro 1940 earthquakes showed missing

data at a period of 0.06 seconds. These missing data would

tend to drive down average spectra developed from these

recoras. In addition, the consistent time history for the

site-specific spectrum is likely to be 10% higher than the

spectrum. For these reasons, Sargent & Lundy recommended

that the SSE vertical spectrum, which is based on the four

vartical time histories, be multiplied by a factor of 2.0

to bound the RegulatoLy Guide 1.60 spectrum at 7% damping.

The SSE vertical spectrum multiplied by 2.0 was used as

the site-specific vertical spectrum in the supplementary
~% seismic evaluation.(U

2-3
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(' 2.1.3 Damping
(T/

The supplementary seismic evaluation of the structures was

based on a structural damping of 7% as per Regulatory Guide

1.6.1

2.1.4 Recurrence Frequency of the Operating Basis Earthquake

I
;

The Fermi-2 Operating Basis Earthquake (OBE) is characterized j
as a horizontal ground surface (rock foundation) accelera-

!tion of 0.08 g. The frequency of occurrence of the OBE was

estimated by interpreting the histe.rical levels of seismic

loading at the site resulting from earthquake activity known

for the central region of the United States. This procedure

is not considered to be a formal probabilistic seismic hazard

assessment, since hypothetical activity is not considered.

However, this historical analysis does yield useful results

for the reccurrence frequency of low-amplitude ground motion.

2.1.4.1 Attenuation Models

The foundation material at the Fermi-2 site is rock (Paleozoic
dolomite). The observition at near epicentral distances

is that seismic intensities are lower by one or more intensity

units (MM scale) at localities situated on rock or sound
foundation materials than at adjacent localities underlain

by alluvial materials. On the other hand, it is also observed

that peak ground motion parameters can be larger on firm

foundation materials than on softer materials for the same

seismic intensity. To account for these observations, attenua-

tion models are developed using the following assumptions

first, seismic intensity attenuation on rock is characterized

by a median value; second, the ground motion for that intensity

is characterized as the median to median +1 standard deviation
values.

O
2-4
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( Equation 1 is the form of the intensity attenuation model

that predicts the median intensity at a distance (R in km)

from an earthquake with size define- by m -magnitude.b

I(R) = 2.53 + 1.20 m - 0.0027R - 1.84 Log R (1)b

Ground motion paramters are determined from the site intensity

by using the correlations found in References 2-2 and 2-3.

Equations (2) and (3) are relations of sustained (3 cycle) -

acceleration and velocity determined from the data presented

in Reference 2-2.

Log A = 0.326 + 0.214 Is MM (2)

OLog A = 0.32s
t

!

|() Log V = -1.210 + 0.289 I (3)s MM
!

oLog V = 0.36;

Equations (4) and (5) are correlations of peak acceleration

and velocity to intensity observed on firm foundation materials

(Reference 2-3).

Log A = -0.361 + 0.370 I (4)p gg

aLog A = 0.33p

Log V = -1.75 + 0.413 I (5)p gg

aLog V 0.33=p

Substitution of Equation (1) into Equations (2) through (5)

results in the set of attenuation models used to calculate

() the historical seismic loading of the rock foundation at

the Fermi-2 site. ;

1
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2.1.4.2 Ground Motion Results

The ground motions at the Fermi-2 site were computed using

earthquake activity located in the region bounded by 36

to 47 N latitude and 77 to 90 W longitude. This broad

region was used so that all of the major activity in the |
central region would be included. Events documented with

only epicentral intensities (Ig) were converted to m magnitudes; b
using Equation (6).

b = 0.5 I + 1.75 (6)m g

Table 2.1-1 lists earthquakes which resulted in estimated

intensities of II or greater at the site, and also the corresponding

median plus standard deviation sustained acceleration and

velocity determined using Equations (1), (2), and (3). The

data in Table 2.1-1 were sorted to determine the number
*

of exceedances of various intensity levels during the period

() 1776-1976; these results are plotted in Figure 2.1-4. Similarly,

the number of exceedances of sustained acceleration and

sustained velocity, using the median plus standard deviation

and the median correlations in Reference 2-2, are shown

I in Figures 2.1-5 and 2.1-6. Finally, in a parallel manner,

results using conversions for peak motions on firm site

conditions (Reference 2-3) are shown in Figures 2.1-7 and
,

! 2.1-8.

Also plotted in Figures 2.1-5 through 2.1-8 are the maximum

historical horizontal ground motions in comparison to the OBE

i

|

(_3/
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(]) ground r.ation levels. The OBE acceleration is 0.08 g, while

the velocity is taken to be in the range of 5 to 7 cm/sec

at frequencies in the vicinity of 1 Hz. This ground velocity

range is determined from the 11.5 cm/sec level of the OBE

response spectrum at 5% of critical damping at the frequency

of 1 Hz., by dividing by the median and 84th percentile

response spectrum amplication factors of 1.65 and 2.3, respectively

(Reference 2-4).

2.1.4.3 Conclusion

on the basis of the results of this historical analysis,

it is concluded that the return frequency of the OBE at

the Fermi-2 site is, as a minimum, on the order of 100 to

300 years.

There has been no change in the OBE level earthquake from

(-} that used in the original analysis and design.
v

j
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3.0 STRUCTURAL ANALYSISp)%

This section summarizes the methods used to develop building

response spectra from the site-specific ground motion spectra
discussed in Section 2.0 of this report.

3.1 Synthetic Acceleration Time Histories

Two synthetic acceleration time histories matching the 7%

damped site spectrum of Section 2.0 were generated for use
as horizontal forcing functions. These time histories were

developed by repeatedly modifying the N-S and E-W components
of the 1940 El Centro data until the spectra they provided

enveloped the ground response spectra discussed in Section
2.0. These envelopes meet the acceptance criteria of NRC

Standard Review Plan 3.7.1. The synthetic time-history

spectra and the site spectra are plotted in Figures 3.1-1
() and 3.1-2.

The vertical forcing functions used in the original design-

basis seismic analysis are described in the Fermi-2 FSAR

Subsectic n 3.7.1.2. In the present reanalysis, the vertical

seismic base spectrum was obtained by factoring the average

of the four spectra discussed in FSAR Subsection 3.7.1.2
so it resulted in a spectrum equal to, or above, two-thirds

the Fermi site-specific horizontal spectra discussed in

Section 2.0. A factor of two was used to bound the site
spectra with the design-basis vertical spectra, as discussed
in Section 2.0.

3.2 Structural Analytical Models

3.2.1 Horizontal Seismic Models

CE) l
Fermi-2 FSAR Subsection 3.7.2.1.2.2 describes the building

models used in this seismic analysis. The damping values

3-1
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used in the building models are consistent with the damping

values given in Regulatory Guide 1.61.

The reactor pressure vessel (RPV) was coupled with the reactor

auxiliary building in this analysis. The RPV model is pre-

sented on GE drawing 761E774, Revision 4, dated September 5,

1979.

3.2.2 Vertical Seismic Models

The vertical seismic models used in this analysis are pre-

sented in Fermi-2 FSAR Subsection 3.7.2.2.1.2.

3.3 Method of Analysis and Response Spectra Generation

The horizontal seismic responses were obtained by a time-

() history method of analysis using the Sargent & Lundy computer

program DYNAS. In the analysis, the two spectrum-consistent

synthetic time histories (north-south direction and east-

west direction) described in Section 3.1, were applied simul-

taneously. The acceleration response time histories for

the slabs and the other structural nodes, and the maximum

moments and forces in all the structural members were obtained
from this analysis.

i

)

Response time-history motions obtained from the building i

model seismic analyses were used as input motions to the
ISargent & Lundy computer program RSG which generated hori-

zontal response spectra for 1%, 2%, 5%, 7%, and 10% damping. )
Peaks of the spectra were widened by 10% on each side.

As discussed previously, reanalysis of vertical seismic

response spectra was unnecessary. The response spectra

{} obtained from the original design-basis vertical analysis

3-2



_ _ _ _ _ _ _ _ _ _ .

discussed in Fermi-2 FSAR Section 3.7.2.2.1.2 were multi-
{} plied by a factor of two to obtain the response spectra

for the present reanalysis.

Overlays of all the response spectra from the site-specific
SSE and the FSAR SSE have been generated. These 50 figures

show the reactor auxiliary building and RER complex floor

response spectra resulting from the site-specific SSE over-
laid with those of the original floor response spectra from

the FSAR SSE.

The original spectra were drawn for damping values of 1%,
2%, 5%, and 10%. The overlaid curve from the site-specific

SSE is based on 7% structural damping and 5% equipment damping.

O
3-3
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4.0 STRUCTURAL REASSESSMENT

4.1 Program Description

|

|

The structural reassessment was performed using essentially
the same models as were used in the FSAR, with site-specific
SSE structural. response spectra and associated structural

loads as described in Section 3.0. n tailed analyses weree

performed on selected structures associated with the drywell,
the reactor auxiliary building, and the RHR complex. The
drywell structures are discussed in Section 4.2.1; the reactor

;

auxiliary building and the RHR complex structural components
)

are discussed in Section 4.2.2.

iThe evaluation of primary containment structural integrity
is presented in Section 4.3. The suppression chamber calcu-

,

ilations performed earlier were reexamined against the new '

site-specific spectra. A detailed reanalysis was determined
O- to be unnecessary because the accelerations used to design

the seismic ties envelope the peak response values from
the new spectra. Section 4.3.2 provides more details on

torus and torus supports. Similarly, the buried ducts and

piping design calculations were reexamined against the new
site-specific spectra, and the ground particle velocities

used in the design were determined to be conservative when

compared to the postulated new conditions. Section 4.4
,

provides more details on this reevaluation. '

|

4.2 Reassessment of Structures

4.2.1 Drvwell Structures

&

This section describes the assessment of the structural
adequacy of the following parts of the Fermi-2 plant for

O
4-1 '

I
l



|

the loads of the site-specific SSE with 7% structural damping:

I o reactor pedestal

o stabilizer truss

o sacrifical shield

f
[ o drywell shield wall

o spent fuel pool ,

o dryer-separator pool

The drywell structural components were assessed for the
following load combinations:

1

1. DL + Tg
2. DL + T + SSEg

3. DL + SSE

dead load plus applicable live load (if any),where DL =

from previous calculations

thermal load at operating temperatureT =
g

loads due to the safe shutdown earthquake,SSE =

including horizontal and vertical excitations

The horizontal SSE response spectra are those reported in
the Sargent & Lundy (S&L) report SDD-DECO-003, dated 7pril 18,
1981. The vertical loads were calculated using the FSAR
SSE vertical response spectra (originally given in S&L report
SL-2682, dated September 27, 1974) multiplied by a factor
of 2.0, as discussed in Section 2.0 of this report.

The design sections of the reactor pedestal and the drywell
shield wall were checked for their capacities based on the

|

interaction diagrams plotted by the computer program COLID

O
4-2
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according to the ACI-1977 code. The adequacy of these sec-,

() tions is assessed by plotting on the interaction diagram

the load point represented by the most critical load combi-

nation. The structural steel components, the stabilizer

truss, and the sacrificial shield were assessed by comparing

the principal stresses from the most critical load combina-

tion with the allowable stresses.

The structural components assessed were found to have strength |

adequate to accommodate the specified load combinations, |

including the site-specific SSE.

The seismic reevaluation summary for each of the following

components required for hot shutdown, is provided in Table

4.2-1.

Table ,

l

Component Item No.

Reactor Pedestal 1

Stabilizer Truss 2 ,

Sacrificial Shield 3

Drywell Shield Wall 4

i |
'

,

I

4.2.1.1 Spent Fuel Pool l

Though not required for hot shutdown, the spent fuel pool j

was reassessed to confirm that it would maintain its integ-

rity under the loads of the site-specific SSE. The summary
is presented as item 5 in Table 4.2-1. The analysis

showed that the combined loads under the site-specific SSE

are greater than the original design loads by approximately

3%, well within the margin of the original design.

O
:,

| 4-3
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4.2.1.2 Dryer-Separator Pool

Like the spent fuel pool, the dryer-separator pool is not

required for hot shutdown but was reassessed to confirm

that its integrity would be maintained under the loads of

the site-specific SSE. The summary is presented as Item 6

in Table 4.2-1. The same method was used as.that to evaluate
other drywell structures. From the interaction diagrams,

it is concluded that the dryer-separator pool would accommo-
date the loads resulting from the site-specific SSE.

4.2.1.3 Tabulation of Original Load Combinations

In response to the NRC staff's request, a tabulation of

LOCA st:: esses was performed for structural components in
which the stresses from the site-specific SSE represents
more than 10% of the allowable stress. These are the reactor

() pedestal, the stabilizer truss, and the sacrificial shield.

4.2.2 Reactor Auxiliary Building and RHR Complex

Structural Components

The assessments of structural components discussed in this

section are summarized in Table 4.2-2. Detailed calcula-

tions have been performed. 1

4.2.2.1 Reactor Building Mat Foundation

l

The reactor building mat foundation was originally designed
in 1970 for the most critical design condition including I

the hydrostatic load due to maximum water le/el. In 1980

the mat was reviewed for all the FSAR load combinations
with ACI-318 (1977) allowable stresses to determine the-

~

acceptable additional loads transmitted by the torus supports

due to SRV and LOCA.

4-4
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i
'

For the reevaluation of the mat for the increased loads
due to site-specific SSE, the same mat model was used to

compute the additional moments in the critical areas of

the mat. The mat was found adequate to sustain the site

specific SSE load in combination with permanent loads on
the structure, including hydrostatic pressure due to subsoil

water at elevation 576'-0," with sufficient margin to sustain

an additional uplift load of 1370 K per mitre.

|

l
I

4.2.2.2 Auxiliary Building Mat Foundation

1

The two mat areas at elevations 540'-0" and 551'-0" were )
reviewed separately for site specific SSE loads in combi- j

natien with other permanent loads and hydrostatic loads |
with subsoil water at 576'-0". I

1

)

The bending moments and shears developed in the mat for i

() these design conditions were found to be within the mat,

capacities.

t

|

4.2.2.3 Reactor Auxiliary Building Shear Walls

Two levels of shear walls at elevations 540'-0" (at the
mat foundations) and 583'-6" (just above the grade level)

were identified as the most critical. walls for structural

reevaluation.

~

Shear forces in the various walls were obtained as spring

forces from S&L Calculation No. SDD-DECO-003. The moments
at the desired elevations were calculated individually for

each wall. Dead loads on the walls were assembled from

the existing calculations.

1

0
1
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Shears were reviewed in each wall separately and the effect

{~ }
of moments due to seismic excitation in two directions was

reviewed considering the shear wall grouping at an elevation

acting as an overall box-type cross-section. Sffect of

vertical seismic forces was combined on a SRSS basis.

At elevations 540'-0" and 583'-6" the shear walls remain

in compression, at all points, under the combined dead loads

and seismic loads. The shear stresses in the concrete are

quite low and the shear capacity of the concrete and reinforce-

ment provided are well above these seismic shear stresses.

4.2.2.4 Reactor Auxiliary Building Cable Tray Hangers
i

,

The reactor auxiliary building contains approximately 3500

Category I cable tray ha 72rs. A random 10% sample of hangers
at various elevations was used to evaluate the effect of

higher response spectra based on the site-specific SSE.

An envelope of N-S and E-W response spectra at each eleva-

tion in combination with enveloped vertical response spectra

for all elevations was used to determine the adequancy of

cable tray hangers with design basis load of 40 psf (50 psf

in relay room).

|

The review qualified about 70% of the hangers as adequate.

The remaining 30% will be assessed based on as built cable

loading.

4.2.2.5 Reactor Auxiliary Building Superstructure Steel

The seismic shear stresses in each braced row of columns

above elevation 684'-6" and horizontal roof loads were obtained

as corresponding spring forces and slab loads from S&L Calculation

'

4-6
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.

() No. SDD-DECO-003 in order to review the structura~ adequacy

of vertical and horizontal bracings. For other major struc-

tural members seismic forces were obtained from crane level
response spectra; for horizontal forces, a scale factor

based on the ratio of the maximum of the values at the roof

level and crane level was used. The forces and stresses

obtained for these members were compared with the corresponding

values in the existing design which was governed by the

design-basis tornado loads.

The effect on the structural members due to the new seismic

loads was found to be considerably less than the effect
I of tornado loads. All members were found structurally adequate.

4.2.2.6 RHR Complex Base Mat

{} The RnR complex base mat with thick perimeter walls and

fairly equal internal column spacing was assumed to act

as a flat slab.

The most critical load condition was identified as one with

an empty cold water basin and high subsoil water level in

combination with new seismic loads. This load condition

is extremely conservative for slab design since during any

safe shutdown event the cold water base will have some amount

of water.

The capacity of the mat was found to be more than adequate

to safely sustain the above loads.

4.2.2.7 RHR Complex Shear Walls

All shear walls of the RHR complex were evaluated for revised

() seismic forces. Design procedure was generally similar

I4-7
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to that used for the reactor auxiliary building walls, excei'

that for moment capacity a smaller flange length of the

cross-walls was used due to the low height of the structure.

Wall stresses were cheiked in combination with shear stresses

and moments due to lateral sail pressures.

All the sheac walls in the RHR complex were found to be

structurally adequate.

I

4.2.2.8 RHR Complex Cable Tray Hangers

:

The RHR complex contains approximately 480 Category I cable

tray hangers. Fifty hangers were randomly selected from

the various elevations for seismic reevaluation. The review

proc.edure is the same as that used for the reactor auxiliary

j building (Section 4.2.2.4).

'() This review qualified approximately 95% of the hangers as

adequate. The remaining 5% will be assessed based on as

i built cable loading.

|

4.2.2.9 Cable Trays

The cable trays behave as essentially rigid bodies. They
were designed for a load of 100 pounds per square foot,

but are actually limited to a load of 40 pounds per square

foot,
i

In the judgment of Detroit Edison, the design of the cable

trays is adequate to ensure their integrity when subjected

to the loads of the site-specific SSE.

/"%
/
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| 4.3 Reassessment of Containment

O
4.3.1 Primary Containment

The structural integrity of the primary containment under

the loads of the site-specific SSE was evaluated by exami-
nation of the most highly stressed point. From Chicago

Bridge & Iron (CB&I' stress report number T23-00-A-900-RA-005

(File no. B2-204), the location of highest stress is the

drywell shell at the embedment interface.
!

Ohear and moment values for the containment vessel resulting
from the FSAR SSE and the site-specific SSE are shown in

Figure 4.3-1. The original horizontal seismic stresses

at the critical point were multiplied by the ratio of the

sheer forces and the moments to obtain the horizontal seismic
stresses resulting from the site-specific SSE. The original

vertical seismic stresses were multiplied by the factor

('} of 2.0 ratio between the FSAR SSE vertical spectrum and

the site-specific SSE vertical spectrum. These original

and revised stress values are shown in Table 4.3-1, e..,.rpted
from the CB&I design report with annotation by Detroit Edison.

The table shows that the combined stresses of the highest

. stressed point are well below the maximum code -11owable
|

| of S = 33,800 psi. The seismic reevaluation summary tabley
| for the primary containment is shown in Table 4.3-2.

4.3.2 Torus and Torus Supports

The structural adequacy of the torus and the torus supports

was assessed by comparison of the original CB&I seismic

design loads with the loads resulting from the site-specific

|

O
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SSE loads. In the CB&I design calculations, the governing{}
design loading was conservatively assumed to be 0.46 g for

the SSE, with the torus evaluated on the basis of yield

strength allowables. The site-specific SSE gives a peak

response of 0.42 g to be evaluated under similar conditions.

Because this value is lower than the design value, the design

of the torus and torus supports is considered to be adequate

to accommodate the loads of the site-specific SSE.

Evaluation of torus design onder normal operating loads

plus the SSE will be conducted as part of the Mark I contain-

ment plant-unique analysis. It is expected that this evalu-

ation will show that the conservative design of the torus

is adequate to accommodate these loads.

; 4.4 Reassessment of Buried Pipes and Duct Runs

i

| The following paragraphs summarize the effects of the recently

! defined site-specific spectra on the seismic design of buried

pipes and duct runs. The site parameters affecting the

seismic design of buried pipes and duct runs include the

apparent shear wave velocity, the maximum ground particle

velocity, and the modulus of subgrade reaction for the back-

fill. In the Fermi-2 design, an apparent shear wave veloc-

ity of 2500 ft/sec, maximum ground particle velocity of

7.2 in/sec, and a modulus of subgrade reaction of 50 to
3100 lb/in (depending on pipe diameter) were used.

The apparent shear wave velocity and the modulus of subgrade

reaction for the backfill are physical properties of the

medium and are independent of SSE level. Thus, these param-

| eters are not affected by the use of the site-specific spectra.

The maximum ground particle velocity is a function of the

() earthquake characteristics. The 7.2 in/sec velocity used

for the design at Fermi 2 was based on a 0.15 g SSE and

! 4-10
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the Reference 4-1 for strong motion (a > 0.1 g) earthquakes
'

recorded on firm ground.

|

For the Fermi-2 site-spee,*.fic SSE, a ground particle veloc-

ity of 6.0 in/see would be appropriate, based on engineering

judgment and Reference 4-2. As larger ground particle veloc-

[ ities lead to higher stresses, the 7.2 in/sec value used

in the design is conservative, and further reevaluation

is considered unnecessar' .;
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TABLE 4.2-1

DRYWELL STRUCTURES

SEISMIC REEVALUATION SIMGRY TABLE
-

|
_. ..

Nthod of Original
Qualification Reevaluation Jesults '

Item System, Structure, Conclusion and Remarks
Component Description %

Site Margin
Test Analysis Calc. # Spectra # Sper.lfic 1 Analysis of

Spec tra Margin Calc. # Safety

i Reactor Pedestal X NO-01 FSAR Fig. 2-2, hCD-DECO. (1) Adequate--

Fig. 3.7-3, 2-3 00A
3.7-9

2 Stabilizer Truss X NO-02 * " 1000 Adequate '3 --

I
W
N 3 Sacrificial Shield X NO-03 " " 240 Adequate--

4 Drywell Sinield Wall X 5.04.12 " * (1) Adequate--

.

'

6 Sper.t Fuel Pool X 7.01.00 " " 3% over stressed-- --

See Subsection: 4.2.1.1

4, Dryer Separator Pool X 7.01.00 (1) Adequate" *--

she actual forces are plotted 01 the capacity interaction diagram.

l
.
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O O O

TABLE 4.2-2

. SEISMIC REEVALUATION OF RTACTOR/ AUXILIARY BUILDING

AND RHR COMPLEX STRUCTURAL COMPONENTS
'

SUMMARY TABLE

Method of Original
Qualification Reevaluation Results

Item System, Structure, Conclusion and Rerrarks
Compontnt Description 1

Site Margin
Test Analysis Calc. # Spectra # Speciffe 2 Analysis of

5pec tra Margin Calc. # Safety

1 Reactor Building Mat X SF-0002 FSAR Fig. 2-2, -- SF 0003 See Section 4.2.2.1 describes adequacy
Fig. 3.7-3 2-3 Remarks
& 3.7-9

A
4

[ 2 Auxiliary Bifiding Mat X 3-02 " " AF-01 30% Adequate--

3 Reactor / Aux. Eu11 ding X 3.01 " " SC-0001 20% Adequate--

Shear Walls

4 Reactor / Aux. Building X 2.02.01- Pg. 1-15 Pps. 3.1 EE 0013 See Section 4.2.2.4 describes adequacy--

Cable Tray Hangers 2.02.08 & Part A of -3.7 of Remarks
EE 0005, Calc. # EE0013
EE 0006 EE 0005

5 Reactor / Aux. Building X 4.02.03 FSAR Fig. 2-2, SS 0001 15% Adequate--

Superstructural Steel Fig. 3.7-3 2-3
& 3.7-9

|

|

! |
.

|

I, .

t

i

|

_ _ _ _ _ _ _ _ _
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TABLE 4.2-2 (Cont'd)
'

SEISMIC REEVALUATION OF REACTOR / AUXILIARY BUILDING

A'ND RHR COMPLEX STRUCTURAL COMPONEr:TS

SUMMARY TABLE
*

,

Method of Original'
Qualificationitem System. Structure, Peevaluation Results

Component Description Contlusion and Remarks
5 iSite MarginTest Analysis Calc. # Spectra # Specific % Analysis of

Spectra Martjin Cale. # Safety
_

. ,

6 RHR Complex Mat K 1.2.1 FSAR Fig. 2-2, 1.31.1 20% Adequate--

Fig. 3.7-3, 2-3y 3.7-9

%
7 RHR Complex X 1.15.10 ;" " 1.30.1 15% AdequateShear Walls

--

8 RHR Comlex X EE-0101 SL-3147, Pgs. 1.6- EE 0014 See Section 4.2.2.8 describes adequayCable Tray Hangers EE 0008, SHT. A4-A7, 1.9 of Remarks

--

EE 0009 A10-A13 EE0014
& B12-B15 |

,

t

{

i
.

'
.___

_ . . . _
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(]) 5.0 EQUIPMENT SELECTION AND EVALUATION,

The approach used to demonstrate the seismic design adequacy
i of the Fermi-2 systems involves the following elements:

i

! o A scenario is identified which describes the way

in which Fermi-2 would respond to the postulated

seismic event

{
o Based upon the results of the scenario, ty.3 tem.

i are identified which are required to shut down and

| cool down the reactor
|

; o The components associated with requisite systems

are identified
,

,

o Components are evaluated with regard to seismic

response

The information contained in this section addresses the

abeve process as it relates to selection of equipment.

Section 6.0 of this report addresses equipment interconnections,

including nozzles, valves, piping, and associated snubbers

and supports which are qualified by detailed analysis.

Section 6.0 also describes small diameter piping elements,

such as tubing and conduit, which can be addressed by generic

analysis.

5.1 Event Scenario

i

|

The postulated seismic event induces a loss of offsite power

(LOP) that is similar to that presented for the loss of all

grid connections, presented in Subsection 15B.2.6 of the

Fermi-2 FSAR. Table 5.1-1 presents the scenario for a seis-

, () mically induced LOP. The scenario is characterized by early ;

l automatic control of reactor level and pressure by the RCIC

| 5-1
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l

l

and SRV, respectively. Following stabilization of reactor

vessel level and pressure, operator action is taken to cool

down and depressurize the reactor. As indicated in Sub- !

section 15B.2.6.5 of the FSAR, the consequences of a LOP

are not significant:

"While the consequences of this event ~do not result

in fuel failure, it does result in the discharge of

normal coolant activity to the suppression pool via

SRV operation. Since this activity is contained in
,

the primary containment, there will be no exposure to

operating personnel. Since this event does not result,

in an uncontrolled release to the environment, the plant

operator can choose to leave the activity bottled up

in the primary containment or discharge it to the environ-

ment under controlled meteorological and release conditions."

( 5.2 ' Identification of Systems and Components

Based upon the scenario in Table 5.1-1, a list of principal

systems required to safely shut down and cool down the

reactor was developed. In addition, a list of auxiliary

systems required for principal systems operation was developed.
' The list of principal and auxiliary systems is contained

in Table 5.2-1. Finally, a generic equipment list was developed

to reflect the types of components which comprise the principal

and auxiliary systems; the list is contained in Table 5.2-2.

'

(:) l
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I

() 5.3 Equipment Evaluation

.

The equipment which comprises the principal and auxiliary

systems presented in Table 5.2-1 is characterized by mechan-

ical, electrical (power), and instrumentation and control )
elements. These elements are evaluated in the following I

sections. Piping is evaluated in Section 6.0.

5.3.1 Mechanical Components of Principal Systems

1

The capability of the following RPV and internal components

to accommodate the proposed higher seismic loads has been

reassessed:

o Top guide

o Core plate

o Stabilizer{}
o Shroud support

o CRD housing
o CRD housing restraint beam

o Fuel assembly

The assessment was based on the following:

1. Horizontal loads were taken from Sargent & Lundy

calculation SDD-DECO-003.

2. Vertical loads were estimated by multiplying the

SSE vertical loads in GE report 22A5676, Revision

1, by a factor of 2.

(

l
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3. In the Sargent & Lundy study only half the CRD hous-
\ ings are accounted for. The CRD housing and CRD

restraint beam loads are approximated by doubling

the loads in SDD-DECO-003.

For this study, the core plate and top guide new seismic

loads were compared to La Salle 1 loads (LOCA and seismic)

as shown in Table 5.3-1. The Fermi-2 core plate loads are

bounded by La Salle. The Fermi-2 top guide vertical load

is bounded by La Salle's vertical load but is 18 kips over

La Salle's horizontal load. However, due to the large margin

the top guide is judged to be within design limits.

For the RPV support, the margin for moment is so large (221,000

in-kip versus 1,152,000 in-kip allowable) that the support

is judged to be within design limits, and there is no need

for further analysis.

() Due to the large loads on the shroud support, a stress eval-

uation was performed as shown in Table 5.3-1. The results

of this evaluation show that the stresses are within ASME

Code allowable limits.

l

In summary, the RPV and internal components evaluated are

judged to be able to accommodate the higher seismic loads.

Analysis of the control rod drive system hydraulic control

unit indicates considerable margin remains upon application i,

of the revised response spectrum. Details of the evaluation

are provided in Table 5.3-2.
,

I

The PHR pump and RCIC pump acceleration values for hori-
zontal and vertical directions were determined as follows:

5-4
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1. Original static coefficients:.s

U
o Horizontal: 1.5 g

o Vertical: 0.14 g x 2 = 0.28 g

2. Reeponse Spectra curves

o Horizontal natural frequency: unknown
o Vertical natural frequency: greater than 33 Hz

Therefore, from spectra and dynamic methods currently

accepted by the NRC, use 1.5 times the peak of the

curve for horizontal direction, and the zero period

acceleration (ZPA) value for the vertical direction.

This results in:

o Horizontal: 0.825 g

o Vertical: 0.11 g x 2 = 0.22 g

O
3. The equipment was originally qualified for:

o Horizontal: 1.5 g

o Vertical: 0.14 g

4. This assessment is based on vertical seismic loads

that are approximately twice the orig 1.nal seismic

loads. It was judged acceptable to use a horizontal

load less than that originally used to offset the

j increased vertical load, because the stresses are
' calculated using the combined vertical and horizontal

loads.

5. Since the response spectra curves are unique to

Fermi 2, and the 1.5 x peak acceleration was used to

account for unknown frequency and multimode response,

the response spectra curves were used in the horizontal

5-5
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direction and the original seismic loads used in

() the vertical direction as follows:

o Horizontal: 0.825 g

o Vertical: 0.28 g

Revision of the RCIC pump and RHR pump calculations resulted

in stresses at the pump critical locations considered in

the original calculations to be less than the allowable

values. Therefore, the pump is considered acceptable for

the above seismic loads.

The RHR motor was qualified for 1.5 g horizontal and 0.14 g

vertical as stated on the motor outline drawing. Based
on values supplied with the motor it was determined that

the additional vertical seismic load will provide shaft

thrust loads that exceed the maximum allowable value at,

I

lI the motor thrust bearings. Increased load on the thrust

() bearing would result in a decreased service life which is '

still adequate to assure the 12 to 18 hours operation re-

quired from this equipment.

| The RCIC turbine and turbine stop valve have been analyzed

and found to be acceptable for the acceleration values listed

in item 5 above. However, the turbine oil piping cannot

be shown acceptable with regard to the higher vertical seismic

load at this time (see Section 5.4).

Analysis of the RHR pump anchor bolts, RHR heat exchanger

| (and anchors), and the RCIC equipment and anchor bolts are

. respectively summarized in Tables 5.3-3, 5.3-3A, 5.3-3B,
l

| 5.3-4, and 5.3-5.

A seismic reevaluation of the fuel assemblies, was performed

with respect to the proposed cold shutdown earthquake.

| 5-6
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The results are as follows:
O

From S&L Report

SSD-DECO-003 Allowable

Shear 250 Kip 687 Kip

Moment 12,024 in-Kip 32,200 in-Kip

Vertical acceleration was calculated as 0.24 g, versus the

design-basis acceleration of 3.12 g. This was derived from

the calculated vertical OBE acceleration of 0.064 g in GE

Report 22A5676 as follows:

SSE = 1.875 X 0.064 = 0.12 g

New vertical = 2 X 0.12 = 0.24 g

From the above, it can be concluded that the Fermi-2 fuel
'

has ample margin to withstand the proposed cold shutdown

| () earthquake.

!

5.3.2 Mechanical Components of Auxiliary Systems

For the remaining auxiliary systems associated with the

Fermi-2 balance of plant, a general procedure was devel-

oped to' provide a quick and highly conservative method for
reevaluating equipment subjected to the new site-specific

spectra. This procedure consisted of performing the following

steps:

|
| 1. Identify equipment natural frequency (s).

2. Identify the acceleration values (for the north-

south, east-west, and vertical directions) used

in the original equipment seismic qualification.

O
,

! 5-7
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() 3. Identify the new acceleration values, using equip-

ment damping consistent with Regulatory Guide 1.61,

for the new site-specific spectra at the same fre-

quencies used in the existing seismic qualification.

4. Divide each of the acceleration values in Step 3

by the corresponding accelerations in Step 2 to

determine the acceleration increase at each fre-

quency of interest and for each direction (i.e.,

north-south, east-west, vertical).

5. Select the greatest acceleration increase found

in Step 4 and multiply each of the old stresses /deflec-

tions by this ratio to determine a conservative

estimate of the new equipment stresses / deflections.

6. If the new stresses are less than the new allowable

{} stresses and the new deflections are within the

deflection criteria, the piece of equipment is considered

requalified. For the new site-specific evaluation,

the allowable normal stresses were tsken to be the

yield strength (in some cases the buckling criteria

governed) and the allowable shear stresses were

taken to be 0.577 times the yield strength.

Note that the above procedure was intended to be used as

an initial approach; no attempt was made to separate the

seismic stresses from the stresses due to weight or normal

operation. Since an elastic analysis was employed throughout, i

no credit was taken for any plastic action which might occur ,

)in a structural member subjected to bending stresses. The

AISC specification permits plastic design with steels of

yield streagths up to 65 ksi. For a rectangular steel section,

it can be shown that the moment necessary to cause plastic

action throughout the section, (plastic moment) is 50% greater,s

(_) than the moment necessary to produce yielding in only the

outer fibers, (elastic moment). Also, the new calculated
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stresses are compared to the minimum code allowable material ,() yield strengths, though the actual materiel yield strength!

may be considerably higher. Thus, the new stresses and

deflections calculated using this procedure are highly conserva-
tive. Therefore, if the new stresses are equal to or less
than the material yield strength, the equipment is considered
requalified and no further analysis is considered necessary.
If the values do not meet this criterion, a more detailed

evaluation is performed.

For mechanical equipment originally qualified by test, the
original test response spectra showed that it enveloped
the new site-specific seismic response spectra. In case,

of dwell testing, the shaker table's input acceleration

is equal to or higher than the new spectra ZPA.

5.3.2.1 Equipment, Systems, and Components

!(
| The following mechanical equipment has been reanalyzed.

Summaries of their reevaluation can be found in Tables 5.3-6
| through 5.3-20.
:

Table

Residual Heat Removal Service Water (RHRSW)
RER cooling tower 5.3-6

RHRSW service water pump and motor 5.3-6

Diesel Generators (DG)
DG skid assembly 5.3-7

Heat exchanger

stack assembly 5.3-7

DG skid piping 5.3-8

(
5-9

|

- - _ . _ _ . . _ . . _ _ _ _ - _ _ _ _- _ - _ . _ - - . _ _ _ . _- _. . - -_-



_ ___._ ___ _ - _ ___ _ . - . . __ ._ _ . __-

Table
.

Jacket water
expansion tank

5.3-8
Air receiver tank

: 5.3-8

) Diesel Fuel and Lube Oil
i Fuel oil day tank 5.3-9

Lube oil strainer 5.3-10
Lube oil filter 5.3-11
Fuel oil storage tank

5.3-12

Emergency Equipment
Cooling Water- (EECW)

>

EECW pump and motor 5.3-13
EECW makeup tank 5.3-14
EECW heat exchanger 5.3-15

'

Emergency Equipment

Service Water (EESW) and
Diesel Generator Service
Water (DGSW)

EESW and DGSW pumps 5.3-16
EESW and DGSW motors 5.3-17

Control Air

Air compressor 5.3-18
Aftercooler 5.3-19
Receiver 5.3-20

0
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5.3.2.2 Essential RVAC
}

The essential HVAC includes components on the air and water
J

sides of the system. Ductwork stress reports evaluated I

were chosen through random sampling. A bucklino criterion

was used to determine the allowable moments that would insure
duct integrity. This criterion can be considered conserva-
tive because credit is not taken for the stiffeners used
in duct construction, and also because the criterion assumed

'

simply supported edges.

The ductwork stress reports were evaluated against the site-

specific SSE. For the duct analyzed by a static seismic

method, the largest ratio of site-specific SSE ZPA over

the analyzed ZPA was used as a multiplier on the OBE reac-

tions. These reactions were then compared to the allowable
'

stress limit. Likewise for the duct analyzed by a dynamic
'

method, the worst ratio of site-specific SSE acceleration

to the analyzed acceleration for the different modes was

determined and used as a multiplier on the OBE react'.ons.

Based upon guidance given in Regulatory Guide 1.61, response

| curves for 2% of critical damping were used. Two example

analyses, one static and one dynamic, are provided as part

of Table 5.3-21 to illustrate the method.4

Because the design basis SSE loading was evaluated using

a multiplier of 2.0 on OBE loading (instead of using the

actual SSE response spectra), it was expected that the site
! specific results would be on the same order as the design

basis. The results, summarized in Table 5.3-21, showed this

assumption was correct.

,

'

(:)
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(} The original calculations for the HVAC duct supports were

performed using the worst combination of OBE plus weight

loads with a safety factor of 5.0. Several typical supports

were examined in the site-specific SSE evaluation to verify

the safety factor and the following additional input was

considered:

1. The safety factor is on weight plus OBE loads,

not just OBE loads. As a majority of ducts are

in the rigid range (i.e., accelerations a fraction

of one g), this results in an increase in the 1

|
above safety factor if the safety factor is considered |

as a spectra multiplier on OBE (to compare with

the site-specific SSE).

2. The duct supports are typically designed using

standard hangers with allowable loads so when

considering actual loads, additional conservatism )O exists.

3. Results of piping analyses (see Section 6.0) have

shown that 1.875 times OBE loads generally envelope

site-specific SSE loads. Therefore, it was concluded

that the HVAC duct supports are adequately designed

to perform their intended function during and

after a postulated site-specific SSE.

.

O
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i

O other essentia1 HvAC componenes reana1rsed are summarised

in the follows tables:

1

EQUIPMENT TABLE
;
'

Dampers 5.3-23

HVAC Return Air Fans 5.3-24

Centrifugal Chilling Units 5.3-25

Emergency Makeup Motors 5.3-26

Emergency Makeup and Recirculation
,

Air Filters Units 5.3-27

Multi-Zone Climate Changer 5.3-28

Chilled Water Pump and Motor 5.3-29'

Switch Gear Room Coolers, EECW Pump Room

Coolers, and Control Air Compressor Cooler 5.3-31

RRR Room Cooler 5.3-32

O Eeuipmene R- m Fan-Co n Unie 5.3-33
.

RCIC Pump Room Cooler 5.3-34

HVAC Cable Tray Cooling Fan 5.3-35

HVAC Equipment Anchors 5.3-35A

4

i 5.3.2.3 Drvwell Cooling

The components of the drywell cooling system, the drywell

cooling fans and drywell coolers (and anchors) are addressed

in rable 5.3-35B.
5

O
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() 5.3.2.4 RHR Complex HVAC System

The seismic requalification analysis summaries for the subject

system, which includes the deisel-generator room ventilation,

is contained in Table 5.3-36. As-built finite element models

for the RHR complex duct systems, including hangers, were

constructed. Modal analysis was performed using the original

and new site-specific spectra. Results showed no significant

increase in loads, stresses, accelerations, or deflections.

The results are still within the original design allowable

values.

5.3.2.5 Torus

See Section 4.3.2 of this report.

O
5.3.2.6 Motor-Operated Valve (MOV) Actuators

The original seismic qualification for MOV actuators was

performed on April 26, 1972, by Ogden Technology Laboratories,
Inc. on an electro-hydraulic vibration machine. The test unit

with motor was scanned in each of the three major axes over a

frequency range of 1 to 35 H2 with a maximum acceleration of
1.0 g to search for resonance. Since no resonance was found,

the test sample was then vibrated for a period of ten seconds
at each even integer of frequency from 4 to 34 Hz in each axis
at an excitation of 3 g. The unit was operated during each

dwell through one cycle from open limit to torque switch

seated position and back to the original position. The test

unit was then vibrated for a minimum of ten seconds at 35 Hz
in each axis at an excitation level of 5 g with the unit being

operated as indicated above.

Ov
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!

As indicated in Section 6.6, the maximum predicted value
( accelerations, as developed from the piping reevaluation

analysis, do not exceed 2.0 g. Since these new predicted
accelerations are less than the levels to which the MOV
actuators were originally qualified, it is concluded that

the original seismic qualification remains valid for the
loadings associated with the revised postulated earthquake.

5.3.3 Instrumentation and Control for Principal Systems
1

|
'

Table 5.3-37 presents a summary of the seismic requalifica-
tion of I&C components associated with the principal systems.

!
'

The major I&C components for the principal systems consist
of local and control room panels. The following procedure

was used to evaluate the control panels:

1. Determine test data available that is applicable
() to the panel being reviewed.

2. Determine the ZPA for the floor region where the
panel is located from spectra provided. For the

horizontal direction, use the square root of the
sum of the squares (SRSS) of the N-S and E-W data
for the applicable ZPA. (Vertical acceleration '

| is twice the spectral value.)
!

3. From test data, determine the maximum measured
acceleration transmissibility in each direction,

! regardless of frequency or location on the panel,
multiply this transmissibility by the ZPA from

(2) above to get the maximum acceleration in each;

| direction.

4. Combine the three directional accelerations by
SRSS to give a maximum acceleration.

5-15
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i

5. Review the list of essential devices on the panel
and determine the lowest fragility limit for all

(} the devices in any direction. (The fragility

limit is that acceleration which, if exceeded,
will result in malfunction of the device.)

i

!
6. Determine margin by dividing the maximum accelera-

tion from (4) above by the fragility limit from
|

(5), subtracting that resulting ratio from one l

(1), and then multiplying that value by 100 to
obtain percent.

The above procedure has a number of conservatisms. First,

the horizontal ZPA combination is applied to both horizontal
directions (if N-S and E-S values are equal, the result
is about 40% greater than the actual case) . Second, the
maximum test acceleration is used, regardless of its loca-
tion. This means that in most cases, the essential equipment

-) is subject to acceleration values substantially smaller
'' than the values used in the evaluation. Third, the acceleration

value used in the combination of the highest values in all
direction, regardless of whether they occur at the same
location or not. Fourth, the composite acceleration value

is compared to the lowest fragility limit, regardless of
direction. The actual fragility of any essential component
will undoubtedly be greater in the actual direction of that
acceleration resultant.

This procedure was followed in all panels, with the following
exceptions:

Hil-P613

Here, the essential items were located lower in the panel
and compensation for the height was included in the analysis,
but all three directions werc still combined for the deter-() mination of margins.

5-16
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i

Hil-P617, P618

,() Height compensation was included in the analysis, as in

Hil-P613 above. Margin was determined based on the combina-
tion of the three directions of motions compared with the

lowest fragility limit, regardless of direction.

Hil-P621

Height compensation was included here, but the combination

of the three directions of motion resulted in a "g" levell

greater than the minimum fragility level. A second calcu-

lation was made with the larger of the two horizontal ZPAc

applied to the horizontal direction with the largest trans-

missibility value (the smaller was applied to the direction

of less transmissibility) . The three directions were combined

(SRSS), and then this value was averaged with the original

acceleration value. Margin was determined from this average

"g" value. This analysis is still conservative because

the use of the largest ZPA with the greatest transmissibility{ is conservative, the use of the combination of the three'

directions is conservative; the use of the combination of

! the three directions is conservative; and the use of the

average value, averagir.g with the original value (a con-

servative number), is conservative.

Hil-P622, P623

These panels ware qualified by tests of essentially iden-

tical panels built for other plants (Zimmer and Laguna Verde)

which have much higher ZPA values (0.55 g and 0.87 g, respec-

tively).

Hil-P628

This panel was qcalified by similarity to Hil-P617.

() 5-17
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The following comments are provided with regard to the opera-

tion of principal systems:
O

Control Rod Drive

No I&C equipment is required since the shutdown scenario

involves a LOP which will cause the HCUs to effect a scram.
The HCUs are hydraulic / mechanical assemblies.

Nuclear Boiler System

Safety / relief valves are used to depressurize the reactor.

Remote-manual control of these Division I de-operated valves

is from the control room via a relay cabinet.

Reactor Core Isolation Cooling

RCIC starts automatically and provides makeup water to the

reactor as required during depressurization. The operator

( uses vessel level instrumentation to determine the RCIC
flow setpoint. Essential RCIC protective instrumentation

and control is required to protect the RCIC turbine.

Residual Heat Removal

1. The shutdown cooling mode of RHR is initiated by

the operator before the RCIC turbine trips due to

low steam pressure. Instruments provide the shut-

down cooling low pressure permissive of 110 psi

dome pressure.

2. Torus cooling is not required.

3. Head spray may be used if necessary.

4. Only one RHR loop is required with one pump and

one heat exchanger.

5-18
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5. The recirculation pump discharge valve is closed

(]} by swing bus power. This is necessary to isolate

the recirculation pump.

5.3.4 Instrumentation and Control for Auxiliary Systems

5.3.4.1 Emergency Equipment Cooling Water (EECW)

Table 5.3-38 shows the seismic requalification summary for

I&C components associated with the EECW system.

The EECW pump will be started manually in the control room,

upon LOP, after receipt of the EDG load sequencer start

s ignal . The EECW pump start permissive signals 'are generated
by non-seismically qualified pump suction pressure svitches

and makeup tank level switches arranged in "one out of two.

taken twice" logic to normally deenergized control relays

with contacts in the EECW pump start circuit. Since theO switches are non-seismic a failure of the switches in the

right combination would prevent pump start. DECO will

reorder the switches as seismic Level I devices.

O
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5.3.4.2 control Air Systemr-)\/

. Table 5.3-39 presents the seismic requalification summary

for I&C components of the control air system.

The Division I control air compressor will be started manually

in the coatrol room upon receipt of the EDG start signal.

Drco has had no success in retrieving seismic qualification

documentation for the control air compressors control panels.

*hus, we are assuming that the control panel is not seis-

mically qualified. DECO will pursue having the panels qualified.

5.3.4.3 Essential HVAC

Table 5.3-40 ptesents the seismic requalification summary

unt I&C components of essential HVAC systems 4 The Control

HVAC system has been analyzed in the chlorine modes

() with auto start. The inajority of the air oper .ted dampers

will be manually opened or closed as required.

D_rywell Cooling System5.1.4.4 r

Table 5.3-41 presents the seismic requalification summary

of I&C components of the drywell cooling system.

No instrumentation is required for operation of the drywell

cooling system under the postulated scenario. The two-speed

cooling fans will automatically start in high speed upon

receipt of the DG start signal. The drywell cooling system

controls reevaluated seismically, consist of drywell local

panel H21-P328A, relay room cabinets (Hil-P898A and H11-P889)
and COP insert Hil-P808BS12.

!

O
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5.3.4.5 RHR Complex{}
Table 5.3-42 presents the seismic requa?ification summary

of I&C components whien are located in the RHR complex.

The following systems are identified:

a

o RHR Service Water
o Emergency Equipment Service Water
o Diesel Generator

o Diesel Generator Fuel and Lube Oil

o Diesel Generator Ventilation

o Diesel Generator Service Water

o Diesel Generator Control Console

o Diesel Generator Load Sequence

.

5.3.5 Electrical Components
i

Electrical components which supply power to principal and

auxiliary systems were requalified generically by equipment
type and manufacturer. Table 5.3-43 provides the locations

of the equipment described above and the systems which the
equipment serves. From each equipment category, a single

- component is selected for requalification according to the
most seismically limiting location. Table 5.3-44 provides

; the accelerations for various locations within the Fermi-2
facility.

The seismic requalification of the equipment listed in Table

I 5.3-43 is summarized in the following tables:

i

O
,
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L'quipment Table

480 Vac and 260 Vdc Motor Control
Centers (ITE) 5.3-45

480 V Switchgear (ITE) 5.3-46

4160 V Switchgear (ITE) 5.3-47

Battery Main dc Fuse Cabinet 5.3-48

Batteries and Battery Racks (with
mountings) C&D 5.3-49

Battery Chargers (with mountings) 5.3-50
.

dc Fused Distribution Cabinets
(Square D) 5.3-51

120 Vac Modular Power Supply Units 5.3-52

Drywell Penetrations (Conax Corporation) 5.3-53

Terminal Boxes and Terminal Boxes Attached
to Drywell Penetrations 5.3-54

O
5.4 Equipment Requiring Further Assessment and Documentation

In the process of reanalyizing the ability of components

to resist the revised seismic loads, it was found that certain

components could not be requalified at this time. The remedial

action to be taken for these components will include one

or more of the following measures:

o documentation will be identified

o additional calculations will be performed

o equipment will be repurchased

o existing equipment will be tested
.

5-22

,

-----v-- , , , . -e v s w-~w



The goal of these measures is to requalify components in

the most expeditious and economical manner. The following

components have been identified which require remedial action:

o RCIC Turbine Lube Oil Piping

The lube oil piping, mounted as an integral part

of the RCIC turbine assembly skid, requires a

detailed dynamic piping analysis. The original

assembly was qualified based on static coefficients.

o Emergency Equipment Cooling Water Pump Suction
Pressure and Makeup Tank Level Switches.

Qualification records for these switches could
not be located. Requalification or replacement

is required.

() Diesel Generator Fuel Oil Transfer Pumpso

Seismic qualification records could not be retrieved

in time. The vendor has been contacted to supply

the records.

In addition to the components described above, Table 5.4-1

provides a summary of the components presented in Tables
5.3-2 through 5.3-54, which require remedial action.

O
i
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() TABLE 5.1-1

Scenario for Seismically Induced Loss of Offsite Power

1. Seismic Event Causes Loss of Offsite Power (LOP)

2. LOP Initiates Isolation and Scram Via CRD

3. Diesel Generator Starts and Accepts Loads

4. RCIC Starts Automatically

5. SRVs May Open on High Pressure

6. RPV Level and Pressure Stabilizes, Based Upon
the Operation of the RCIC and SRVs

7. Operator Action is Taken to Cooldown and Depres-
surize the RPV to 95 PSIG, Using SRV and RCIC
in Torus Suction Mode.

8. RHR/SD Cooling Mode Initiates - RCIC Trips

9. RHR/SDC Cools RPV to < 200F

i d-Trans ent En s-

4

(_/
5-24
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() TABLE 5.2-1

PRINCIPAL AND AUXILIARY SYSTEMS REQUIRED FOR
SAFE SHUTDOWN AND COOLDOWN

f

Principal Systems

1) RCIC

2) Nuclear Boiler

3) EHR - Division II

4) CRD

Auxiliary (Support) Systems

1) RHR SW - Division I

2) Diesel Gens - Division I

3) Diesel Fuel Oil & Lube Oil - Division I

4) EECW Division I

5) EESW Division I

() 6) EDGSW Division I

7) Control Air - Division I

8) Control Center HVAC - Air Side *
9) Control Center EVAC - Water Side *

10) Drywell Cooling - 4 Two-speed Fans Only

11) Diesel Generator Ventilation - Division I

12) Torus and Attached Piping

i

d

* Essential HVAC
|

5-25
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'

O
TABLE 5.2-2

GENERIC ESSENTIAL EQUIPMENT

Drywell Coolers

Rocxn Coolers

Electric Tray

Electric Conduit Hangers

I & C Tubing

MCC s

Switchgear

Relay Room and Control Room Racks

Batteries and Chargers

Diesel Generators

Underground Electric Ducts

Underground QAI Pipe (RHR Complex)

MOV Operators

Pu.qs and Motors

Control Center Ceiling and Lights

Valves

O 5-26
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O O O
TABLE 5.3-1d

,

'

LOADS FOR CERTAIN RPV AND INTERNAL COMPONENTS

'

IIorizontal Vertical Allowable

.

Top Guide (Shear) 350 31.7 687 kip (1)

Core Plate (Shear) 347 361 687 kip (1)

l Stabilizer (Load) 513 0 2,765 kip (2)

RPV Support (Moment) 221,000 N/A 1,152,000 in-kip (1)

ItPV Support (Shear) 679 1,191 2,600 kip (1)

CRD llousing (Moment) *507 N/A 18,870 in-kip (2)

CRD llousing (Shear) 14 Negligible 4,400 kip (1)

CilD Restraint Beam (Load) 14 N/A 266 kip (2)

y Shroud support (Moment) 276,000 N/A 347,900 in-kip (2)

U Shroud Support (Shear) 1,176 1,031 1,434 kip (2)

Fuel Assembly (Moment) 12,024 See Section 32,200 in-kip
5.3.1

Fuel Assembly (Shear) 250 See Section 687 kip
5.3.1

(1) From Fermi 2 mathematical model 761E774, Revision 4

(2) From equipment design spec. or analysis

_ _ _ _ _ _ _
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O O O
4

TABLE 5.3-1 (Continued)
,

i LOADS FOR CERTAIN RPV AND INTERNAL COMPONENTS

| ,.

| Vertical llorizontal
'. Load Force Force

| Plant Combination (kips) (kips)

Core Plate LaSalle 1 El 423 471

Fermi 2 New Seismic 361 347

Top Guide LaSalle 1 B2 40.8 332

Fermi 2 New Seismic 31.7 350

T
U Load Combinations

El = 11L + (U - Delta P) + SRV + SSE

B2 = NL + (A - Delta P) + Chg. + SRV - 1 + SSE

l

.__ __ ___
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TL 5.3-3
i

RilR PUMP ANCllORS

d SEISMIC RE-EVAI.UATIOt'
t

SUPPtARY TABLE

--- - - - - -

Method of Original
System, Stsucture, Component Qualif4 cation He-Evaluation Results

Description Conclusion and Femarks

%
Spectra t Analysis Margin

Test Analysis Report i Spectra f Comparison Marain Report 8 of
1

____

Fig. 8 Safety '

RilR Pump Ancisor Dolts X Edison .15 g S& L 1415% N/A The Anchor bolt stresses
, Design hors. report based were recalculated by
: Calcu- .10 g SDD-DECO on applying the new site-

lation vert. -003 yield specific seismi loads,
Figures the equipment nozzle

3 loads from the attached
C-11 piping, and the equip-

ment dead weight loads.
The shear and tensionun
stresses were combinedj, and shown to be less

c3 than the new allowable
valuess therefore, the
equipment is requalified

; to the new site-specific
'

earthquake..

1
<

I
!

i
,

4

t
i

.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ____ _ _ __ _ _ _ _ _ _ _ __
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.

TA[L_s 5.3-3A%

HilR IIEAT EXCllANGER A*1D ANCllORS

SEISMIC RE-EVAI,UATION
,

SUMMARY TABI.E

; __ _

! Method of Original
| Systens, Structure, Component Qualification Re-Evaluation Results

Description . Conclusion and Remarks
,

4
Spectra t Analysis Margin

5 Test Analysis Repart 8 Spectra 8 Comparison Margin Report 8 of
Fig. 8

_ . _ _ _ _ _ _ _ . _ . _ _ _

Safety

'

Rilu Heat Exchanger and X 4See G.E. 1.5 g 0.4 G horiz. 5% on N/A The stresses resulting
unchor bolts Letter horiz. 0.36 G vert. yield from the cite specific

Tb?C-4002 0.14 g SSE were obtained by
dateu vert. multiplying the OBE
6/22/81 allowable stresses (basedi

on .75 G horiz, .07 G'

vertical) by the vertical
acceleration ratio and4

Ln compariF.g with SSE allow-
3 ables (yleld). The
La stresses due to nozzle
F" loads and deadweight were

also increased even thou<p
they didn't change. The
calculated stresses are
less than the new allow-.

able values; therefore,
i the equipment is qualiflot

to the site specific SSE.

E

v
9

-



\ TAL s/5.3-3n

RCIC PUMP ANCllOR BOLTS

SEISMIC RE-EVALUATION

SUFFtARY TABLE

Method of Original
Sy s t e.m , Structure, Component Qualification Re-Evaluation Results

Debeription Conclusion and Remarks

t*

Spectra t Analysis Margin
Test Analysis Report 8 Spectra f Comparison Marqin Repor' 8 of

Fiq. 8 Safety
.-

RCIC Pump anchor bolts X Edison .15 C S&L 609% N/A The anchor bolt stresses
Design horiz. report based were recalculated by
calcu- .10 G SDD-DECO on applying the new site-
lation vert. -003 yield specific seismic loads,
DC-369 figures the equipment nozzle loads
item 2 3 from the attached piping,

C-ll and the equipment dead
weight loads. The shear

tn and tension stresses werei combined and shown to be64
hJ less than the new allown

able values; therefore,
the equipment is requal-
ified to the new nite-
specific earthquake.

.

_ _ _ . _ . - _ . - . _ _ _ _ _ _ _ _ _ _ . _ _ . . _ _ _ _ __ _ _ _ _ _
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C) f
T, 2 5.3-4

RCIC TURBINE ANCHOR DOLT 3

SEISMIC RE-EVAI.UATION

j SUFFtARY TABLE

____

Method of Original
System, Structure, Component Qualification Re-Evaluation Results

De scr ipt ion Conclusion and Remarks
4

. 4
Spectra & Analysis Margin,

'

Test Analysis Report i Spectra f Comparison h.sgan Report 8 of
Piq. 8 Safety

-

i

RCIC Turbine anchor bolts X Edison 1.5 g Horz S& L 25.6% N/A The new stresses were.

file No. .14 g report conservatively estimated
DC-369 vert. SDD-DECO by multiplying the ori-
item 2 -003 ginal stresses by the

Pig's largest acceleration in-
; 3 crease comparing all ,

'

C-ll three directions. These
new stresses are below

'

ui the new allowable values
I therefore, the equipment

j L3 is requalified to the new
'd

j site-specific earthqurke.

a

! .

i
1
1

1

I
,

!

I

i

.
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b -TABIn d 3-6 V
RHR SERVIC*. WATER

I SEISMIC RE-EVALUATION
,

SUMMARY TABLE

Method of Original
System, Staucture, Component Qualification Re-Evaluation Results

| Description
, Conclusion and Remarks

| %
, Spectra & Analysise Margin
i Test Analysis Report 8 Spectra 8 Comparison Margin Report 8 e t''

Piq. I Safety
I

>

kHR Couling Tower X Marley Co. S&L 33% Beams were found to be
Equip. No. Ell 56B001 A , dated EMD- based flexible and the resul-
D, 2A, n 2-8-74 029950 on tant acceleration is
Location HHR tornado above EPA. The piping
Elevation 617 S& L loads was found to be close

EMD- to rigid. P811 stressus
011785 are very low. Elimin-

ator stresses are very
| low. Pill retainers &tn

I eliminator retainers
'' are analyzed based on
'" tornado loads (higher'

loads).

Stresses on the follow-

; . ing mechanical equipment
' and parts are:

Motor Sup5 nit
Branch Arm Fipe Support
Anchor Dolts
Embedment

Tornado loads are go-
verning loads. S tressas
are within allowables,

kHR Service Water X Mcdonald S&L 7100% e Stresses are below
Pump and Motor Equip. No. Eng. EMD- yielding limits. Water
Ell 5IC001A, Ch D Analysis 029950 pump and motor qualifies

i Location kHR dated to new response spectra
Elevation 590' 2-4-74,

Goulds
Pump Inc.
dated
9-23-75
(motor)

* Fur Plange based on yield.



- . - .

4

'
TAntle 3-1

DIESEL CENERATOH C6MPONENTS

SEISMIC RE-EVAI.UATION

StiMI:ARY TARI.E

- - . . - ._

Method of Original
l System. Structure., Con. pone n t Qualification Re-Evaluation Results

D,.:Faripion Conclusion and Remarks

j 4
Spectra t Analysis Margin

Test Analysis Report 8 Spectra 0 Comparison Marqin Report 8 of

j _ _ . . . _ _ . _
Fiq. 8 Safety

i Diesel Generator X Colt Ind. S&L EMD- 53% * Stresses are well within
Skid Asseutbly Report 029950 allowables. Skid assem-

J Equip. No. R30ul5001-4 dated bly quallfles to new
I.oca tion Rilit 4-4-75 ressponse spectra.,

Elevation 590'
Elevation 590' S&L

] EMD-
- 001659
'

!!ua t Exchanger X Colt Ind. S&L EMD- 71004 8' The equipment qualifies
Stack Assen.bly Report 029950 to new response spectra.

ui Equip. No. R30015001-4 dated Stresses very low.
[ 1.ocation Ritu 4-4-75
m Elevation 590'

j S&L
EMD-

001659
.

,

i

i
4

i

i

* Turbocharger mounting bolts
based on allowables

* * For attachment plate based
on allowables

___ ____ _____________ _ _ _ _ _ _ _ - -- .



T;a 5.3-8

DIESEL GENERATOR COMPONENTS

SEISMIC HE-EVAI.UATIOP4

SUPMARY TADLE

_

Method of Original;

System, Structure, Component Qualification Re-Evaluation Results
Duscription Conclusion and Ecmarks-

t
Spectra l Analysis Margin

Test Analysis Report i Spectra i Comparison Margin Report i of
__ _ _ _ _ . _

Fiq. I Safety

Diesel Generator X Colt Ind. S&L 174 The equipment qualifies*

Skid Piping Report EMD- to new response spectra.
Equip Ho. R$0015001-4 dated 029950 Stresses are within
Location Ri!R 4-4-75 allowables.
Elevation 590'

S&L
EMD-

001659

Jacket Water X Colt Ind. S&L 53t** The equipment qualifies
tn Expansion Tanks Report EMD- to n6W responte spectra.
I Equip. Hu. R 3000 A00 5-8 dated 029950 Stresses very low.Ij l.ocation RilR 4-4-75

Elevation 6048 -2*
S&L

*EMD-
| 001659

|
Ai r Iteceiver Tank X Colt Ind. S&L 100t*** The equipment qualifies

, Equip. No. R3000A009-16 Report EMD- to new respor.se spectra.
I 1.ocation kilR dated 029950 Stresses very small.

Elevations 590' 4-4-75

S&L
EMD-

. 001659

In piping based on*

allowables

For mounting tlange**

bosed on a1lowables

*** In bol ta basual on
allowables

|

_ _ _ _ _ _ _ _ _ _ -
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tan.a)5.3-9 -
'

'

4 DIESEL CENERATOR FUEL OIL
j SEISMIC RE-EVALUATION
1

|| StlWtARY TABLE
|
,

_ _ _ . .

Method of Original
System, Structure, Con ponent Qualificca t ion Re-Evaluation Results

j Description ;
Conclusion and Remarks

i &
Spectra t Analysis Margin

Test Analysis Report i Spectra 8 Comparison Margin Report 8 of
] _.

P19 8 Safety
,

i

) Fuel 011 Day Tanks X Colt Ind. SEL 18t* Stress levels due to re-! Equip. No. R3000A017-20 Report EMD- vised reshpase spectra.l.ocation Rillt dated 029950 are within alloyable; Elevatiou 590' 4-17-74 values. This component

| is requalified.
SEL

i
EMD-

i 001659

| U1
; I

W.

03.

* For talik liolddown bolts *

12ased o. allowables.

)
*

4

I
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O n
: TABLw-3.3-12 ..}
j DIESEL GENERATOR PUEL OIL

i SEISMIC RE-EVAI.tlATION

SUMMARY TABLE

i
, _ _ _ _ _ _ . _ _ _

'

Stethod of Original
System, Structure, Component Qualification Re-Evaluation Results

,

Description,
_ Conclusion and Remarks

%
Spectr a t Analysis Margin

Test Analysis Report 8 Spectra 8 Comparison Margin Report 8 of
.

. Piq. 8 Safety
,

reul Oil Storage Tanks X Graver S&L -974 ( Additional bolts are re-
Equip. tio. A300A001-4 Tank & EMD- quired at the foundation
Location I:ua Mfg. Co, 029950 support. All other cal-
El eva t ion. 590' dated culated stresses are be-

{ 6-5-74 low allowables.
.

8'L '

,
,

See Section 5.4
,

; vi 008913
- I

.c.
F4 .

i
i

* For foundation bolts basei
on yield.,

1
=

1

I

i

k

1

. _ _
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TABLE 5.3-13

EMERGENCY EQUIPMENT COOLING WATER

SEISMIC RE-EVAL.UATION

SUMMARY TABl.E

Nethod of Original
System, Structure, Component Qualification Re-Evaluation ResultsDescription

Conclusion and Remarks

%
Spectra t Analysis Margin

Test Analysis Report 8 Spectra 0 Comparison Marain Report 8 of
-

Piq. I Safety

EECW Pump and Motor X Edison 1.41 hors. S&L 9% N/A For the equipment's cri-
(includes Anchors) File No. .5 vert. Report Based tical components the ori-
Pts i P4400C001A S24-ll6 SDD-DECO on ginal qualification used

-003 3riginal the vector sum of the ver-
Figures allow- tical and horizontal
B-31 ables accelerations as the
B-32 except equipment's seismic load-
C-16 for pump ing. The vector sum of

outboard the NS, EW, & vertical
la bearing! , accelerations obtainedj, from the new site-specifk
rsa See response spectra was di-

remarks vided by the acceleration
value used in the original
qualification to deter-
mine the " acceleration.

increase". The new
stresses were conserva-
tively estimated by multi-
plying the original
stresses by this " accel-
eration increase". These
new stresses are below
the new allowable valuest
however, the pump outboani
bearing radial load
(87268) is 40n greater
than its original allow-
able load rating of 62158
at 100 hours of operation
When a bearing is sub-
jected to a constant load
greater than its rated
load, the bearing life is
reduced. For a const. int
bearing load of 87268, it
is estimated that the
bearing life would be re-
duced from 300 hrs to
30 hourst

_
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O TABliww'. 3-13 (continued)

EMERGENCY EQUIPMENT COOLING WATER

SEISMIC PE-EVAI.UATIOt>

SUMMARY TABI.E

___

Method of Original
Sys t ua , Structuso, Component Qualification Re-Evaluation Results

Description Conclusion and Hemarks

t

Spectra t Analysis Margin
Tett Analysis Report i Spectra f Comparison Margin Report i of

Piq. I Safety
_ _ _ _ ~ . . . _ _ _ . . .

however, the seismicEECW Pump and Motor
(includes anchors) loading is clearly not

constant but occurs for aPTS 8P4400C00!A
maximum duration of 30
seconds, therefore, The
equipment is requalified
to the new site-Fpecif1C
earthquake.

tn |
8
,t.
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.
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m
k TABL(,, 3-14 s

EMERGENCY EQUIPMENT COOLING WATER
i

SEISMIC RE-EVAI.UATION

SUPMAhY Tant.E
i

-. --

. Method of Original
System, Structure, Component Qualification Re-Evaluation Results

Dt.cription Conclusion and Remarks
a

t,

. Spectra t pnalysis Margin
! Test As.alysis Report i Spectra i Comparison Margin Report f of
1

_ _ _ . _ . _ _ _
Fig. I Safety

EEcli Make-up tank X Edison S&L SEL 13% N/A The original seismic
(including anchor bolts) File No. Report Report Based stresses were separated'

PIs IP4400A001 S20-24 SL-2682 SDD-DECO on yieli. out of the original
Pigures -003 qualification, increasedi

D-31 Pigures for the new site-specific
' D-32 B-31 earthquake, and then addal

B-16 B-32 to the original normal
C-16 operating and deadweight

loads. The new stresses
are below the new allow-on

I able values! therefore,
,

'

j- the equipment is requal-
ified to the new site-

;
' specific earthquake.

.

O

t

_,
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\ TABLE 15

EMEltGEllCY EQUIPMENT COOLING WATER
!

j SEISMIC RE-EVALUATION

bOPMARY TABLE

.

4
*

Method of Original
I Sy b t un , Structure, Con.ponen t Qualification Re-Evaluation Results
| De se 1ption'

conclusion and Remarks

t
* Spectra t Analysis Margin

Test Analysis Report 8 Spectra 0 Comparison Maroin Report i of
*

; . . . _ _ . . . _ _ _ _ _ _
Fiq. I Safety

i
.

EECW lleat exchanger X Edison S&L S&L 20.3% N/A The new stresses were con-
*

| (including anchor bolts) File No. Report report Based servatively estimated by
i PIS 8P44001s001 S21-7 SL-2682 SDD-DECO on multiplying the original
| Figures -003 yield stresses by the largest

Figures acceleration increase comr
B-31 paring all three dirac .
B-32 B-31 tions. These new stresses
C-16 B-32 are below the new allow-

C-16 able valuess therefore,.

the equipment is requali-
Ln fled to the new site-spe-
I cific earthquake.

4 4
Un

|
-

1

i
J

i

0

f
1

i

i
i

1,

r

h

4

1

4

_ __
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O O .3-16 O'b TLs 5

"ENERATOR SERVICE WATERDIES / .

SEISMIC RE-EVAT.UATION

SUP9tARY TABI.E

Method of Original
Systcm, Structure, Component Qualification Re-Evaluatinn Results

Dcscription Conclusion and Hemarks

1
Spectra t Analysis Fargin

Test Analysis Report 8 Spectra 8 Comparison Marqin Report 4 of
Fiq. 8 Safety

Motor for Diese] X Allis S&L 2 0 t* Stresses are within the,

Generator Service Chalmers EMD- allowable limits,

water pumps and dated 0029950 % tor quallfles to new
emergency equipment 5-13-76 . response spectra.
Equip. No. R300C005-8
Location Ri!R S&L
Elevation 590' EMD-

003791

Diesel Generator Service X -

liater Pump See Section 5.4

U1
I

*.C.
*m For anchorage knalt e- teased

on allowables.

.___ _ _ . . . . . ....
.

. .

-
-
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d TABk M .3-18 J
,

CONTROL AIR
i

SEISMIC RE-EVAI.UATIOr8

i SUP91ARY TABLE

| Methol of Original
' System, Structure, component Qualification Re-Evaluation ResultsDescription

Conclusion and Remarks

t
, Spectra 8 Analysis Margin

Test Analysis Report 8 Spectra 8 Comparison Margin Report i of
Fig. I Safety

i
'

Control air compressor and X Edison. S&L S&L 189% N/A The new stresses were con-
I motor File No. report report Based servatively estimated by
. (including anchor bolts) B11-l**1 S L-2682 GDD-Deco on multiplying the original
j PIS I P5002D001 B11-506 Figures -003 yield stresses by the largest

B-29 Figures acceleration increase
{ B-30 3 comparing all three direo-

C-16 C-11 tions. These new stressus
are below the new allow-

1 able values therefore,
the eqqipment is requali-,

'
fled to the new site-

g specific eartP quake.
1 I

b
00,

4 .

1

__ .
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- TAB 3-19 s_/'-

CONTROL AIR AFTER COOLER

SEISHIC RE-EVAL.UATION

SilPftARY TABIE

_.

Method of Original
System, Structure, Component Qualification Re-Evaluation ResultsDuscaiption

| Conclusion and Remarks
%

Spectra & Analysis Margin
Test Analysis Report 8 Spectra 8 Comparison Margin Report 8 of

_ _ _ _ _ _
Fig. 8 Safety

Control air atter-cooler X Edison 2.419 horz, S&L N/A N/A The new site-specific
(i.acluding anchors) File No. 1.9 g vert report earthquake accelerations
PIS IP5002u004 B11-405 SDD-DECO are less severe than the

-003 acceleration loadings
Figures that were used in the
B-29 original seismic qualifi-
B-30 cations therefore, this
C-11 equipment is requallfled.

tn
I

.s.
@

.
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;(_j TAL .3-20 \/

CONTROL AlR

SEISMIC RE:-EVALilATION

SUMitAl<y TAT 11.E

.. _ _ _ _ _ _ . _ . _ . _ . _ _

Method of orAqP al
Sy s t uri, Structuse, Couponent Qualification Re-Evaluation Results

Ixscription Conclusion and Remarks

%
Spectra % Analysis Parqin

Test Analysis Report i Spectra 0 Comparison Margin Report i of
Piq. I Safety

_ . _ - - . _ _ _ _

Control Air Heceiver X Edison S&L S&L N/A N/A The new site-specificta l Si t'5002 A001 File No. Report Report earthquake accelerations
SL-2682 SDD-Deco- are less severe than
Figures 003 the acceleration loadings
D-5 Figures that were used in the
B-6 D-29 original seismic qualifi-
n-29 B-30 -stions therefore, this
B-30 C-Il equipment is requalified.
C-6
C-16

on
i

U1
O

.

i

.

_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ ___
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tai s 5.3-21 /-

IIVAC DUCTS,

SEISMIC RE-EVAI.IIATIOt*

SUMtARY TABl.E

-. . . _ . -

Method of Original
System, Sttuctuso, Coanpcnent Quis l i fica t.f on Re-Evaluation ResultsDescription Conclusion and Remarks

t !

Spectra & Analysis Fargin
Test Analysis Report i Spectra 0 Comparison Marcin Report f of

- - . . . -

Piq. 8 Safety

.

IIVAC Ducts X
A survey of maximum duct
moments due to seismic and
dead weight loads indi-
cates that values are
within allowable limits.
This component is requall-
fled to the site-specific

.

SSE.
I

U1

i

.

_ _ _ _ _
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T 5.3-23

ESSENTIAL IIVAC DAMPERS

SEISHIC RE-EVALUATION

SUPMARY TABLE

_,_ _

iMethod of Original '

System, fLructuse, Component Qualification Re-Evaluation ResultsDuses ipt ion Conclusion and Remarks

&
Spectra t Analysis Marqin

Test Analysis Report 8 Spectra 8 Comparison Marcin Report 8 of

_ . _ _ . _ - . _ _ . _ .

Piq. 8 Safety

S&L S&L Report
Report SDD-DECO-

Edison SL-2682 003
Pile No. Piqures Piqures

PD 300 Pitu Damper X D9-2175 B-37 B-37 74 N/A The original seismicC-19 C-19 based stresses were separated
on out of the original
yield qualification, increased

for the site-specificHackdra f t Damper X 89-2175 B-37 B-37 180% N/A SSE, and added to the(Pacific Air Products C-19 C-19 based
vi Cumpany) normal operating loads

on ori- (in cases where stressese ginal were low, the combinedon
04 allowa- normal operating and

19 e . seismic stresses were
increased by the worstAir Damper X 89-2175 B-37 B-37 10% N/A acceleration ratio).(Paci fic Air Products C-19 C-19 based Calculated utresses areCompany)

on ori- below the r.ew allowable
ginal values; therefore thet allowa- equipment is requalified
ble to the site-specific SSE.

! Plexibiu Hoso X 09-2175 D-37 B-37 large N/AC-19 C-19
I

I

I
|

!

.

i
l

i

.
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TABLE 5 3 (Continued)
.

ESSENTIAL HVAC DAMPERS

SEISMIC PE-EVAT.IIATION
.

SUPMARY TABLE

- _ _ . . _ _ _ _ _ _ _ _ . _ .

. Method of Original
| Sy s t uu, Structure, Component Qualification Re-Evaluation ResditsDesculptioni

conclusion and Remarksi

t
Spectra t Analysis Margin

Test Analysis Report 8 S,ectra 8 Cottipa rison Marcin Report i of
*

Fig. 8 Safety
a.

Pine Dampers and Air control X 89-2131 Test in- B-37 28% N/A The original test
Dampet (Air Dalance Inc.) or put ac- C-19 response spectra envelops

B9-2175 celera- the new site-specific
tau IV tion of reponse spectras there-

5 g mini- fore, this equipment is
mum requalified.

Damper Motor Mountings for X Edison S6L Report S&L Report 46% N/A The new stresses were
T4100P157A k u File No. SL-2682 SDD-DECO- based conservatively estimated
thru Pl63A & B B9-2174 Figures 003 on by multiplying the(3

B-37 Figures yield original stresses by the .

vs C-19 B-37 2argest acceleration in-
-4 C-19 crease comparing all

three directions. These
new stresses are below
the new allawable values;
therefore, the equipment
is rcqualified to the new
site-specific earthquake.

Damper Hutor Mountings for X Edison S&L Report S&L Report 4.1% N/A The new stresses wereT1100P070 thru Po?) File No. SL-2682 SDD-DECO- based conservatively estimated
B9-2150 Figures 003 on by multiplying the

*

D-37 Figures yield original ctresses by the
B-38 B-37 largest acceleration in-
C-9 B-38 crease comparing all

C-19 three directions. These
new stresses are below
the new allowable valuos;
therefore, the equipment
is requalified to the new
site-specific earthquake.



- . . _ . ~ - -

o/ TABLE 5. o (Continusd) D(, w.,LI N s/

. ESSENTIAL liVAC DAMPERS
!

SEISMIC RE-EVAI.tlATION '

SUPHARY TABI.E

4

Method of original.

System, Structure, Component Qualification Re-Evaluation Results
Description Conclusion and Reparks

!
; 4

Spectra t Analysis Margin
Test Analysis Report i Spectra 0 Comparison Marcin Report 8 of

Fig. 8 Safety
,

. - - - - - - -

Fire Dampers X Edison S&L Report S&L Report 54% N/A The new stresses wereT4100F099 & F102 File No. SL-2682 SDD-DECO- based conservatively estimated74100 Fill & Fil2 B9-2184 Figures 003 on by multiplying theT4100F086 B-37 Figures yield original stresses by the
C-9 B-37 largest acceleration in-

B-38 crease comparing all
C-19 three directions. These

new stresses are below
i

the naw allowable values
therefore, the equipment
is requalified to the new

on site-specific earthquake.,

I
Ln putterfly Dampers (Vatves) X Edieon 5g (N-S) S&L Report 13.2% N/A (as above)i 00 S ygm 4340 Damper File No. 5g (E-W) SDD-DECO- based .

Sizes 8", 10", 14", 18", D9-Il19 3 9 (Vert) 003 on'
& 48" Figures yield

B-37
B- ?rJ
C-19i

Manual Air Dampers X Edison S&l Report S&L Report 36% N/A The original seismicSizes PL'le No. SL 2682 SDD-DECO- based stresses were separated32 x 30 P S- 21'16 Figures 003 on out of the original quall~96 x 24 B-37 Figures yield fication, increased for48 x 48 '
B-38 B-37 the new site-specific36 x 36 C-19 B-38 earthquake, and then added

C-19 to the original normal
operating and deadweight
loads. The new staesses
are below the new
allowable values; there-
fore, the equitrat is
requalified t. G. new
site-specific carthquake.

j
.
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V TABLE 5'. 223 (Continued)

ESSENTIAL HVAC DAMPERS

SEISMIC RI:-EVALUATION

SUMMARY TABI.E

. . - - .

Method of Original
System, Structure, Component Qualification Re-Evaluation Results

Description Conclusion and Remarks

t
Spectra t Analysis Margin

Test Analysis Report 5 Spectra i Ccmparison Margin Report 5 of
Fiq. 5 Safety

Type CD31 Dampers X Edison S&L S&L Report 45% N/A The new stresses were
75" x 52" thru File No. Report SDD-DECO- based conservatively tatimated
16" x 16" B9-761 SL-2682 003 on by multiplyin9 the

Figures Figures allowa- original stresses by the
B-37 B-37 ble largest acceleration
B-38 B-38 buck- increase comparing all
C-19 C-19 ling three directions. These

load new stresses are below
the new allowable values
therefore, the equipment
is requalified to the new

on site-specific earthquake.
I

on 112" x 33" Control Room X Edison 4.3 g (N-S) S&L Report 162t N/A (as above)u) Dampers Pile No. 1.5 g (E-W) SDD-DECO- based .

u9-761 1.5 g (Vert)003 on
Figures yield
B-37
B-38
C-19

l'i re Dampers X Edison 5.6 9 (NS) S&L Report N/A N/A The new site-specificPISIT4100F File No. 5.6 9 (EW) SDD-DECO- earthquake accelerations
09-2090 5.0 g (Vert)003 are less severe than the

Figures acceleration loadings
B-37 that were used in the
B-38 original seismic qualifi-
C-15 cations therefore, this

equipment is requalified.

. - - _ _ - - - _
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TAf. v 3.3-24 %

IIVAC RETURN AIR PANS

SEISMIC RE-LVAI.UATION

SUPMARY TABI.E

- . ~ - . - - - -
_

Method of original
Systum, structure, t'omponent Qualification Re-Evaluation Results

D.:sc ri p t ieve conclusion and Remarks

t .

Spectra t Analysis Margin
Test Analysis Report i Spectra f Comparison Margin Report 8 of

Fig. 8 Safety
- - . - . -

Ituturn Air Pan X Edison SEL Report SEL Report weakest N/A The new stresses were
(Including Anchor Dolta) File No. SL-2682 SDD-DECO- compo- (conservatively estimated
PiSIT4100CO31 D9-365 Figures 003 nent by multiplying the

B-37 Figures has a original stresses by the
B-38 B-37 On largest acceleration in
C-19 B-38 margin crease comparing all three

C-19 based directions. These new
on stresses are below the new
yield allowable valuess there-

fora, the equ.pment is
requalified to the new
site-specific earthquake,

tn
I

G4
O
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(3 TO.,2 Og ,) 5.3-25 \~~/.s

IIVAC CENTRIFUGAL CIIILLING UNITS

SEISMIC RE-EVAI.IIATION

SUMMARY TABt.E

__

, Method of Origanal
! System, Structute, Cosponent Qualification Re-Evaluation Results
; Duscription Conclusion and Remarks

t

Spectra t Analysis Margin
Test Analysis Report i Spectra 8 Comparison Marcin Report i of

Piq. I Safety
.---.

Centrifugal Chilling Units X Edison S&L Report S&L Report 29.14 t/A The new stresses were
(includes Anchors) Pile No. SL-2682 SDD-DECO- based conservatively estimated
PISIT41000008 & 9 89-653 Pigures 003 on ori- by multiplying the

B-37 Piquaes ginal original stresses by the,

B-38 B-37 allow- largest acceleration in-
C-19 B-38 able crease comparing all three

' C-19 directions. These new

I' stresses are below the new
allowable values there-

Ln fore, the equipment is
[n requalified to the new
pa site-specific earthquake.

t<upture Disc for X Edison. 10 g input S&L Report 21004 N/A The origicel qualification
Centrifugal clailling units Pile No. SDD-DECO-

'

was subjected to a 10 g
indicates that the disc

D9-684 003
Figures input. This acceluration
B-37 is well above the new
B-38 site-specific res ponse
C-19 spectra therefore, the

equipment is requalified
to the new site-specific
earthquake.

. -

!

I

_



TABJ t: 5.3-26,,

s i / )
\ i \ <

ilVAC EMERGEN AKE-UP MOTORS 'w 'N'

SEISHIC RE-EVALUATION

SUMMARY TABI.E

- . - . - - _ , .

Method of Original
System. Structure, Component Qualification Re-Evaluation Results

De scr ipt ion Conclusion and Remarks

t
Spectra t Analysis Margin

Test Analysis Report 8 Spectra O Comparison Marcin Report 8 of
Fig. I Safety

.. . _ . . . . . -

Duergency Hake-up Hotors X Edison S& L S&L N/A N/A The new site-specific

for Fans with PIS s's File No. Report Report earthqTake accelera-

T41000047 h 16 D9-1196 S L-2682 SDD-DECO- tions rre less severe
Fig's 003 than the acceleration

D-37 Fig's loadins; that were used

D-38 D-37 in the original seismic

C-19 B-38 qualifications therefore:,

C-19 this equipment is requal-
ified.

us
I

04
y .

:

i I

.-. _____
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[~ TABLF"'s3-27 f''
t ;

IIVAC LMEHGENCY MAKE-UP AufCIRCULATION AIR FILTERS UNITS

SEISHIC RE-EVAI.IIATIOM

SUPMARY TARI.E

_ _ _ . _ _ _ _ _ _ .

Method of original
Systcm, sinucture, component Qualification Re-Eva l ua t ion. Results

Duscription Conclusion and Remarks

%
Spectra t Analpsis Margin

Test Analysis Report 8 Spectra f Comparison Margin Report 8 of
Fiq. I Safety

. .--- ---

Emergency Make-up Pans X Edison S& L S& L 214% N/A The new stresses were
plS 8 T41000047 & 16 File No. Report Report Based conservatively estimated

B9-1387 S L-2682 SDD-Deco- on by multiplying the orig-
Fig's 003 Yield inal stresses by the
B-37 Fig's largest acceleration in-
B-38 B-37 crease comparing all three
C-19 B-38 directions. These new

C-19 stres=es are below the new
allow. ale values; there-
fore, the equipment is
requalified to the new

j" site-specific earthquake.

c4
U) .

Emergency Make-up Filters X Edison Fig's Fig's 78.4% N/A The new stresses were
Pts | T4100''911 File No. B-13 B-37 Based conservatively estimated.

B9-762 D-14 B-38 on by multiplying the orig-
C-9 C-19 Yield inal stresses by the
of of largest acceleration in-
S&L S& L crease comparing all three
Report Report directions. These new
S L-268 2 SDD-DECO- stresses are below the

003 new allowable valuess
therefore, the equipment
is requalified to the new
site-specific earthquake.

-- - ________



n T 5.3-28 []; i
' / e r

-' \. ,/
1%AC MULTI-ZON CLIMATE CHANGER

SEISMIC PE-EVALUATIOtJ

SUMMARY TABI.E

_ . _ _ _ _ _ _ _ _ . . _ _ _ _

Method of original
System, Structure, Component Qualification Re-Evaluation Results

Description Conclusion and Remarks

t

Spectra t Analysis Margin
Test Analysis Report i Spectra I Comparison Margin Report I of

Piq. I Safety

tha t t i-Zone Cl imate X Edison S& L S& L Weak- N/A The new stresses wereChanger Pile No. Report Report est conservatively estimatedPts i T4100 hug 7 D9-544 SL-2682 SDD-DECO- Com- by multiplying the orig-
D9-674 003 ponent inal stresses by the

Pig's I Pig's has On largest acceleration in-
D-37 3 D-37 Margin crease cou. paring all three
D-38 D-38 Dased directions. These new

'

C-19 C-19 on stresses are below the
Yield new allowable values.1

therefore, the equipan:nt
is requalified to the
new site-specific earth-
q ske.

tn
I Plenum for ilVAC X Edison S& L S& L Weak-

*

N/A The new stresses were
$) Multi-Zone Unit File No. Report Report est conserv cively estimated

D9-2203 SL-2682 SDD-DDCD- Com- by multiplying the orig-
Pig's 003 ponent inal stresses by the
D-37 Pig's has a largest acceleration in-
D-38 D-37 On crease comparing all three

D-38 Margin directions. These newC~I
C-15 Dased stresses are below the new

on allowable values; there-
Yield fore, the equipment is

requalified to t he new
site-specific earthquake.

Plenum Casinq X Edison S& L S& L N/A N/A The new site-specificAccess Door for File No. Report Report earthquake accelerations
HVAC thalt i-Zone Unit D9-2202 SL-2682 SDD-DECO- are less severe than the

Pig's 003 acceleration loadings
D-37 Pig's that were used in the
D-38 D-37 original seismic qualifi-
C-9 D-38 cations therefore, this

C-19 equipment is requalified.

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _
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TA ~ & 5.3-29 -%

9
s,

IIVAC Cll!LLED WATER PUMP AND MOTOR

SEISMIC RE-EVAI.UATION

SUMMARY TABLE

. . .

Method of Original
System, Staucture, Component Qualification Re-Evaluation Results

Description Conclusion and Remarks

t

Spectra & Analysis Margin
Test Analysis Report 8 Spectra 8 Comparison Margin Report 8 of

Fig. 8 Safety
. _ _

-

X Edison Pumps S& L N/A N/A The new site-specific
| Chilled Water Pump earthquake accelerations

File No. 3g N-S Report are less revere than thei and Motor

|
PIS | T4100C040 & 41 89-651 3 g E-W SDD-DECO- acceleration loadings

B9-1875 2 g vert 003
Fig's that were used in thei

MTR's B-37 original seismic qualiti-i
cations therefore, this

3.6 g N-S B-38
4.25 g E- d C-19 equipment is requalified.
3.6 g ver-t

tn
I

Ch
U1 ,

I

. . _ _ . _ _ _ _ .
.

-

- -
-

g
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TAD .3-31

IIVAC COO!ERS

SEISMIC HI;-EVAI.tlATION

SUPPtARY TADI.E

__ ____

Heth9d of original
Sy n.t e m, S t r uc t us e , Con.ponen t Qualification He-Evaluation Results

Debeription Conclusion and Nemarks

%
Spectra t Analysis Margin

Test Analysis Report 8 Spectra f Comparison Marqin Report 8 of
Piq. 8 Safety

__

Switchgear room Coolers X Edison B33, B34, B33, B34, 20% N/A The original seismic

EECW l' ump Hoom Coolers Pile No. C19 C-19 Based stresses were separated

Control Air Compressor Cooler 89-643 SL-2682 S6 L on out of the original qual-

(T41-00uo01 & 3 (Vertical Report Yield ification, increased for

T41-00hn14 Times 2.0 1 SDD-DECO- the site-specific SSE, and

T41-COB 029 003 added to the normal opera-

i<e spec t ivel y) ting loads. Calculated
stresses are below allow-

in abless therefore, the
equipment is requalifiedog

-J to the site specific SSE.

.

- _-



T 5.3-32

RilR ROOM COOLERS

SEISMIC RE-LVAI.UATION

SUMMARY TABI.E

Method of Original
System, Structuae, component Qualification Re-Evaluation Results

Desculption Conclusion and Remarks

t
Spectra & Analysis Margin

Test Analysis Report 8 Spectra f Comparison Marcin Report i of

_

Fig. 8 Safety

HilR Huom Cooler X Edison S&L Report S&L Report N/A N/A The new site-specific
(Including Anchor holts) File No. SL-2682 SDD-Deco- earthquake accelerationsPISIT4100Bolu B9-554 Figures 003 are less severe than the

B-29 Figures acceleration loadings that
B-30 B-29 were used in the original
C-14 B-30 seismic qualifications

C-14 therefore, this equipment
is requalified.

ui
I
c4
0)

.

O
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[ T 7 5.3-334

O'

IIVAC Equi ment Room Fan-Coi) Unitl
!

SEISMIC RE-EVAL.UATION |

; SUMMARY TABLE

Method of original
System, Structure, component Qualification Re-Evaluatloa Results

, Description Conclusion and Remarks
+

|4

4
i Spectra & Analysis Margin'

Test Analysis Report 8 Spectra 0 Comparison Marqin Report 8 of
,

Fig. 8 Safety
!
f

f Equipment Room X Edison SEL Report S&L Report 511% N/A The new stresses were *

Fan-Coil Unit File No. SL-2682 SDD-DECc- based conservatively estimated '

! PISIT4100bO28 B9-554 Figures 003 on by multiplying the origi-3

1 B-37 Figures ' yield nal stresses by the
B-3S B-37 largest acceleration in-

4

C-19 B-38 crease comparing all three
C-19 directions. These new |

stresses are below the ;
<

new allowable valuess :*

therefore, the equipment
<

is requallfled to the'

new site-specific earth- [j' quake. ,os
.

".

u)

.

.

i

a

!

'l
1

i
'

.

(

i

!

I
l

:
$

1
'

:

1

i
d
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,/ TAh._-3.3-34

IIVAC RCIC PUMP RGOM COOLER

SEISMIC RE-EVALilATION,

SilMMARY jAPf;p

|
Method of Original

System. Staucture, Component Qualification Re-Evaluation Results
Debeription Conclusion and Remarks

%
Spectra % Analysis Pirgin

Test Analysis Report 8 Spectra 0 Comparison Marcin Report 8 of
Fiq. 6 . Safety

_ _

NCic 1* ump Huum Cooler X Edison S&L Report 34L Report 23.4% N/A The new stresses wereI* ISIT410 CHU 21 Filo No. SL-2682 JDD-GEco- based conservatively estimated
D9-554 Exhibit 2 003 on by multiplying the origi-

and Figures yield nal stresses by the
Fig. C-11 B-29 !argest acceleration in-

B-30 crease comparing all three
C-11 directions. These new

stresses are below the rew
allowable values there-
fore, the equipment is
requalified to the new
site-specific earthquake.

1

-4
O

.

/
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TALs 5. 3-35

IIVAC CABLE TRAY COOLING FAN

SEISMIC NE-EVAI.t1ATION

StiPMARY T4BI.E

- - - .

Method of original
Sy t. t em, Structure, Component Qualification Re-Evaluation Results

De sc r ipt ion Conclusion and Remarks
I

t
Spectra t Analysis Margin

Test Analysis Report i Spectra f Comparison Margin Neport 8 of
Fig. 8 Safety

. - _ _ _ __

Cable Tray Cusling Fan
See Section 5.4PIS8T4100C05) .

I

t

U1
8
4
H

#
#

N

i

!

-. _ __
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( Ti. , f 5.3-35As

!

IIVAC EQUliMENT ANCI:DRS

SEISMIC HE-EVALIIATION

StIW1ARY TABI.E,

'

_ . . . _ .

Method of original
System, Structune, component Qaalification Re-Evaluation Resulta

Description3 Conclusion and Remarks

%
Spectra & Analysis Margin

4

Test Analysis Report 8 Spectra f Comparison Nargin Report f of
Fig. 8 Safety

Anchor bolts for the following Edison S&L Report S&L Report
equipment: Filo No. Sr.-2682 SDD-DECO-i

Figures 003
ii Figures

EEui Pump Itoom Cooler X DC-575 B-31 B-31 257% N/A The anchor bolt stresses
B-32 B-32 based were recalculated by"

C-16 C-16 on applying the new site-.

yield specific seismic loads.
The resulting shear &
tension stresses are
below the new allowable
stresses; therefore, the' j'
anchors will safely sus-

ma tain the effect of theha
,

new site-specific earth-
. *

1
quake.

{ Contiol Air compressor Cooler X DC-577 B-29 B-29 376% N/A Same as abovei
B-30 B-30 based
C-18 C-18 on

yield
i

Equipment stoom ran-coil Unit X DC-582 B-37 B-37 594% N/A Same as above
B-38 B-38 based
C-19 C-19 on

orig-
i inal
! ,.

allow- ;
) able

CailliedWaterPum[>andMotor X DC-585 B-13 B-17 119% N/A Same as above
B-14 B-38 based

. C-9 C-19 ona
; orig-

inal
allow-
able

I -

- ,- .



_ _ _ _ _ _ _ . _ . . . _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _

,/~ 's TAT 3.3-33A (cont.) { j
-s

%. ) L'

ilVAC EQUl: MENT ANCalOltS

SEISMIC RE-EVAI.t!ATIOt3

SUPHARY TABI.E P

Method of Origital
System, Structure, Component Qualificatiora Re-Evaluation Results

.

Description Conclusion and Remarks
i

t
Spectra 1 Analysis Margin

Test Analysis Report 8 Spectra 8 Comparison Marqin Report 8 of
Fig. 8 Safety

_ . _ . _ _ . _ _ _ . _

Emergency Make-up ritter Unit X DC-593 B-13 D-37 95.3% N/A Same as above
D9-762 15-14 D-38 based

C-9 C-19 on
yield

Multi-zone Climate Changer X DC-589 D-37 D-37 22% N/A Same as above
D-38 D-38 based
C-19 C-19 on

yield

un
i
4
w

switchgear ttoom Coolers X DC-572- D-33 D-33 N/A N/A The new site-specific
D-34 D-34 - carthquake accelera-
C-19 C-19 tions are less severe

than the acceleration
loadings that were used
in the original seismic
anchor bolt calculations
therefore, the arschors
are requalified.

i<C I C t> ump Huom Cooler X I6 579 D-29 D-29 N/A N/A Same as above
D-30 B-30

*

C-18 C-18



_. _ -__ _ _ _ . __ _
_ ._ _ _ . _ _ _

Os
'

TAL( N.3-35B '

V
DHYWELL COOLING SYSTEM

SEISMIC Nt;-EVAI.t1ATIO!'

StlPMARY TABl.I .

Method of Original
System, Structure, component Qualification Re-Evalua; ion Results

Description Conclusion and Remarks

1
Spectra t Analysis Margin

Test Analysis Repor t 8# Spectra 8 Comparison Margin Report 4 of
Fig. I Safety

_ _ _ _ _ _ . . _-

Drywell cooling Fans X Edison S&L SEL N/A N/A Tuo new site-specificPISIT4700C001 & 2 File No. Report Report earthquake accelera-
B9-1106 SL-2682 SDD-DECO- tions are less severe*

D9-1107 Figures 003 than the acceleration
B-43 Figures loadings that were
B-44 B-59 used in the original
B-62 B-57 seismic qualification;

B-62 therefore, this equip-
ment is requalified.

Ln Drywell coolers 6 Anchors X B9-637 B43, B44, 859, B57, -34 The cooler mountingi T4700u001 & 2 BG2 B62 feet show consider-}j able margin with re-
gard to yield stress.,

The cooling coil.

frame and anchor bolts
are also adequate and
are considered requal-
ified.

.
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RilR COMPLEX IIVAC

SEISMIC RE-EVALUATION

SUPMARY TABLE

_ _ _ _ . . .

Method of Original
System, Structure. Component Qualification Re-Evaluation Results

Description Conclusion ai.d Remarks

t

Spectra t Analysis Margin
Test Analysis Report i Spectra.8 Comparison Harain Report 8 of

Piq. I Safety
.. _ _ _

RilR Complex Pump Room Veatil- x S&L S&L 20% Reevaluation was based
ation, Switchgear exhaust EMD- EMD- for on a dynamic analysis
Ventilation A, B, Diesel Cen- 029830 029950 angle of linear elastic struc-

| erator Ventilation & attacher tural model utilizing
| Div. I & II EMD- to base the method of response
! E,oca t i- kitR 029830 plate spectrum analysis. A

E l e --; . o;. 7 590' - 617' continuous, uninterupted
operation and structural
integrity of the subject
systems during and fol-
lowing an earthquake
was demonstrated in the

on above mantioned analysis.
8 Stresses are within AISC

},8 allowables.

Control nampers, type CD31-Pe x Ruskin S&L 1.27t* Stresses are within the
and ou isolation Dappers, Mfg. Co. EMD- allowable limits.
type CD i 2-92 CDRI-92 029950 Control dampers qualify
1,0 cation RilR 1/29/79 to new response spectra.

S&L
EMD-
017492
3/20/79
EMD-
017187
2/14/79
2/27/79

For top blade based on- *

allowables

_ _ _ _ _ _

. _ _ . . . - . . . . . . . . . .
-

--
- - - - - - - - -

-
- -

,

-



- -- -
. - - -

. .

\ms TAB LEs,/3-36 (con t. ) '''

RilR COMPLEh IIVAC
i SEISMIC RE-EVALUATION

,

SUMMARY TABLE
<

_ _ . _ . . ___

Method of Original
'

Syctem, Structure, component Qualification Re-Evaluation Results
,

bescription conclusion and Remarks
.,

'

t

Spectra & Analysis Margini

Test Analysis Report 8 Spectra 8 Comparison Margin Report i of
Fig. I Safety

_ _ _ _ ~ . _ _ _ _ _

i<llit complex rans X Buffalo S&L 15.8% * Stresses are below
Equip. No. X-41-03-C01, 02, Forge Co. EMD- yielding on foundation
03, 04, 05, 06, 07, 08 77K 25508- 029950 bolts and within allow-
location RilR 2339/78 ables on the other
Elevation 617* S&L sec tions . This c<luipment

EMD- is requalified.'

016338

i<llR Complex Fans X Buffalo S&L -13.7De Based on a more sophis-
Equip. No. X-41-0 3-C0 21, 22, Forge Co. EMD- ticated analysis the
23, 24 77K-25528 029950 fans should qualify.l.oca t ion I<llu 31: 9/78 Reanalysis is underway.
Elevation 617' S&L See Section 5.4ui EMD-

d3 016338
os

l<llR Complex Pans X Buffalo $&L >100p * * Based on a very con-
Equip. tio . X-41-0 3-O l 7, 018, Forge Co. EMD- servative evaluation,
019, 020 77K-25- 029950 the stresses in the
I.ocation ItllR 524-273 same components are
Elevation 590* 9/78 'righer than allowables.

S & '. Ilowever, when analyzed
EMD- in detail, the fans may
016338 qualify with little or

no modification. Re-
analysis is underway.
See Section 5.4

* For foundation bolts based
on yield

** For inlet stand based on
i yield
'

*** For shaf L over yield

.-
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TA111.E Sbi6 (cont.)

ItllR COMPI.EX llVAC

SEISMIC RE-EVAT.tfATIOt8

SUW1ARY TABI.E

. . _ _ . . _

Method of Original
System, Structure, Coniponen t Qualification Re-Evaluation Results

Description Conclusion and Remarks

%
Spectra t Analysis Margin

Test Analysis Report i Spectra 0 Comparison Marain Report 8 of
Fiq. I

. . _ _ _ _ . _ . _ _ . _ . . _ __

Safety

lulR Complex rana X lluffalo S&L 16.7% * Stresses are below yield-Migui p. No. X-41-03, C009, 010, Forge Co. EMD- ing limits011, 012, 013, 014, 015, 016 7 7K-25516- 029950
I.oeation idlR 23
Elevation 617' S&L

EMD-
016338

un
1

4
4

.

E

i For inlet stand based on
yield

|

m
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O O OTAh!.E 5.3-17

INSTHilMENTATIuH AND CONTitOI.--PRINCIPAI, SYSTEMS

SEISMIC RE-EVAI.UATION
!

SUMMARY TABI,E

Method of Original
System, Structure, Component Qualification Re-Evaluation Results

De script ion . Conclusion and Remarks

t

i Spectra t Analysis Margin

| Test Analysis Report 8 Spectra 8 Comparison Margin Report 1 of
Fig. f Safety.

i
1

| CouTiusi. ItooM PANEI.S
---

til l -P601 X X 20% Panel meets seismic re-
; quirements by comparison

with H11-P602 Lest

till-P602 X SPE Memo 48% Panel meets seismic re-
107-78- quirements based on
110 original test

LA Hil-P601 X X SPE MEMO 26% Panel meets seismic re-
994-78- quirements by comparisondj'

138 with II11-P602 test
oo

f til l-Pb l 2 * X 262A7242 21% Panel meets seismic re-
quirements based on

a
original test*

lil l-P613 * SPE Memo 7.5% Panel meets seismic re-<

994 '3- quirements by comparison'

131 with II11-P612 tcst

28% Panel meets seismic re-til l-Pb l 7/ P618 *
quirements by comparison
with Illl-P612 test

j til l-P621 * 15% Panel meets seismic re-
quirements by comparison
with IIll-P612 test

lill-P622/623* SPE MEMO 37t Panel meets seismic re-
994-78- quirements based on tests
132 of similar panels for

Zimaner and Laguna Verde
,

til l -P628 * 28% Panel meets seismic re-
quirements by comparison
with Illi-P612 test

a lte l ay Itoom

-



- -
i i

- - - l l
s i i i a a
k rt rt r u u
r n as as a q q-
a o pe pe p ee ee
m c cmt cmt cm rt e rte
e id io io io ik ik
R me mc9 mc9 mcl ssa ssa%}

* L'
ss s 0 s 0 s a i u i u

d ia i y8 i y8 i yn wq wlu
/ n eb ebP ebP ebi t eh tet

a s t s - s - s gt nnt nnt
ss s1 sl sis e r e r

n st e st1 stl stre mea mea
o t nt tnH tnt t not ph e ph ei )

ee ee ee ee it it ei

s eml emh emh i u c u c v
i

emh9
u rea met met set 0 qoi qoi o
l rn ri ri ri9 etf etf b
c lii li w liw li wP i i a
n eug eu eu eu - sdc sdc
o n qi nqn nqn nqn1 iee iee s
C aer aeo aeo aeo1 hl p hl p a

Pro Prs Prs PrsH Tfs Tf s (

n y
i t
gf e % % % %

4rof 2 - - 9 8 4 8
a a 1 - - 4 4 7 6

s M S
t
l
u s8
s i - - -
e st 4 4 4

R yr 9 9 9
lo 7 7 7

n ap P0 P0 P0
o ne R02 R02 R02

S i AR DA2 DA2 DA2
M t
E a
T u n
S l i

Y a q
S v tr

E a
L - M
A e)

d P R
e I nu C N aon N O rs8
i I I ti
t R T cr.n Po - |A E eag

.- C t. L ppi
B SmF. 'A A o(

!

O V T C7 R E3 T - Y- N E R 0
3 O R A

C M a
2 M rC

l tD I i

E. N M S c
A S et

B I l p
A N E a ST O S n

I in
T go 8

OA ii -T rt t M- 3E8N Oa r 3E c o M7 - 8-M fi p E7E48U of e P8P91R i R O1S91T dlS oaN hu s
I tQ i

e s
M y

l
. a_ n

A

t
s
e XXXXXX XXXXXXXX
T_

t
_ n.

e
n
o
p
m
o
C s

n l

,o e
ei n
rt a
up P
ti

.cr 4

uc
- rs s
-
- t e k

SD c
9 7 8 7 a 456?1 2 ) 01234567

H 000l22 3 88888888, 0 0 0 1

m 8 8 8 8 000o00 0 00000000
PPPPPP P PPPPPPPP

s(G
e P P P P l

- - - - a - - -
t

1 i l l c 1 1 1

s
l l

li o. 2l 21 2lly
l i

S
i

I t t I l | i
t

.

_
_

-

_
tug1*

-

~
.
.

.

.

.

-
_
.
.



! i

-
i
l
a

s u
k q
r ee
a rte
m ik
e ssa
R i u

wq
d t eh
n nnt
a e r

mea
n ph e

)o it
i u c e
s qoi v

ou etf a
l i l

c sdc a
n iee
o hl p s

C Tf s a
(

n y
i t
gf e

trof
a a

s M S
t
l
u si
s i

_ e st
R yr

l o
n ap
o ne
i AR

S t
_ M a

E u n
T l i

S a g
Y v 4r
S E a

- M
L e
A R)

d P n
e I N ao

_

u C O rs8
n N I ti
i I T cr .
t R A E eag
n P U. L ppi
o - B SmFl

.

C - A A o_

. ( L V T C
~. O E

R - Y
T E R f '

N R A
O M a1
C C 8 rD

5 I U t
D M S c

E l S el

A I l p
ID E a S
A N S n
T O i n B -

I go i AT ii & 1 RA rt t 0 0 -T
4 Oa r 0A - 0
D c o 6 00

fi p 19 399M of e 22 - 0
W i R HP RS0
I dlT oaS hu s
l
l tQ i
I e s

H y
l X X
a
n
A

t
s
e
T-

.

_
_ t_

- n
_ e
_ n_
_ o
_

_

p_

m-
. o
- C
-

_ n
,o
ei
rt
up
ti h P
cr
uc 6' &
rs
t e A E
SD

6 6
9 9,

2 2m P Pe
_ - -

t_
1 1s

S it

22
ly
i

.

uIoOs )

.

.

_
.

-
-



- ,_ - _ . _ _ - _ _ _ _ _ _ -_ ._-__ ___ ._ _ _ _ _ _ - _ - _ - _ - _ _ _ _ . _ _ . - - - - - _ _ - _ _ .

O O O-v TL 5. 3-38
,

; INSTRUMEllTATICH AND CONTROL--EECW

SEISMIC RE-EVAT,t!AT10t3

: SUWif.RY TABl.E

Hethod of Original
Systam, Structure, Component Qualification Re-Evaluation Results

Description
._ Conclusion and Remarks

4,

Spectra t Analysis Margin
Test Analysis Report 8 Spectra 8 Comparison Marcin Report i of

-. - .. _ -..

Piq. 8 Safety

This equipment is requali-
li l l - P8 '27 (relay cab) x 262A7245 DRP 41% fled to the new siteA00794-22 specific earthquake

Hil-P868 (termination cab) See Section 5.4-1

sil l-Pb 91 (termination cab) See Section 5.4-1i

j Hil-P601 (insert b514) See Table 5.3-37

Hil-P808 (insert A500) See Table 5.3-37
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,
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o n O~V E fAul.li 5.3-39

INSTRUMENTATION AND CONTROL--CONTROL AIR

SI:ISMIC RE-EVAI.UATIOt3

SUMMARY TABIE

. _ _ _ . _

Method of Original
Sy s t esa , Structure, Compor.ent Qualification Re-Evaluation Results

Description Conclusion and Nemarks

t
Spectra t Analysis Margin

Test Analysis Report 8 Spectra f Comparison Margin Report i of
Piq. I Safety

_ . . _ . _ . _ _

P50 - North Control Air See Section 5.4
Coss.ptusser Control Panel

P50-P001 including PSE-P50- See Section 5.4
9021A and E/V-P50-P008A

PSE-P50-N020A See Section 5.4

North Duhydration Unit - X B11-436 See Sectior. 5.4
j P50 020003, 5, 7
I

ill i-P914 (relay rm cab.) X Nuclear 44 The 44 ma' gin is based
til l- P915 Struc- upon the minimum yieldj' tures strength. This compon-

og ent is requalified.
* u

lill-P898A (relay rm cab.) See Section 5.4
*

,

til l- P6 01 (u514) See Table 5.3-37

till-P868 (termination cab.) See Section 5.4.

|

.

I

I

1

!

l

,
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x s/ '.<!TAug 5.3-40

INSTRUMENTATION AND CONTROI.--ESSENTIAi,NVAC

SEISMIC RE-EVAL.UATION

SUMMARY TABLE

-

Method of Original
System, Structure, Component Qualification Re-Evaluation Results

Description _ Conclusion and Remarks

%
Spectra t Analysis Margin

Test Analysis Report i Spectra I Comparison Margin Report i of
Fig. I Safety

H21-P296A D1V 1 HVAC control York Seismic Test Report
panel with all internal con- 77113-2 " Edison File No. D9-1838"

trolus solenoids, relays submitted to W. Street
"

5th flour aux. building greass " 9<1ualif '*
This equipm,'nt is requali-

ll21-P296E HVAC control panel York fled to the new site
with internal controls: 77113-2 specific earthquake
so l e noist s , relays
5th floor aux. building

#

H21-P285A chiller compressor 141-00 (as above)
\" contsol panel b-008-RA-
oo 004 Trane
La B9-1018

Il21-P572 Yos'k Seismic Hack York Seismic Test Report " York
7 'ii 3-2 Final Report 77113-2"

submitted to W. Street

9 *9reass qualif *

TSP-T41-N06]A, -tiO 6 2 A , H063A, See Section 5.4
t1065A, t4066A, N067A (local)

TSE-T41-N374A, N374C, N374E, See Section 5.4
'

H374G, H375A, N175C, N375E,
N375G, fl327A, N222A

TE-T48-Hil9A, H334A

lDS-T41-N059A, H323A, N324A See Section 5.4
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O~ Q(Continued) OTABLE 5.3%.

INSTHUMENTATION AND CONTROL--ESSENTIA!.IIVAC

SEISHIC HE-EVAI.IIATION

SutdMARY TABI.E

__

Method of Original
System, Structure, Component , Qualification Re-Evaluation Results

Description Conclusion and Remarks

t
Spectra t Analysis Margin

Test Analysis Report 8 Spectra 8 Comparison Margin Report 8 of
Fiq. I Safety

__.___ __

PDS-T41-N060A, H325A See Section 5.4

PSE-T41 -t:3 26 A See Section 5.4

Seismic Design Calculations X T41-00-G- 43% Fluor Report RICO-8901-2
for HVAC duct mtd. Instru- 900-1.0- (Deco file No. 1811).
ments: pressure sw & temp. 010 B9- Margin based upon yield
uensing elements 1811 stress. This component

is requallfled,

un T41 components Damper Motor Fluor 894 (Same as Above)i Mountings for T-4100 Pioneer
[ F157A & H thru t'163 A & B Rico

8901-4
89-2174

Powers Motor with positioning X T41-00-0-
, This equipment is requali-

fled to the new siterelay 332-2799 NAMCO !.imit 000-QX- specific earthquakeSwitch 1;A-700 016

til l-P 8 8 8 (termination cab.) See Section 5.4

til l-U U9 (turmination cab.) See Section 5.4

HI1-PUO8b511 See Table 5.3-37

_ _ _ _ _
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\Tk 5.3-42

INSTRUMENTATION AND CONTROL--R:lR COMPLEX,

SEISMIC RE-EVALilATIOfJ.

SUMMARY TABLE7

_ . . - _ . _ _ . _ _ _ _ .

i
Method of Original

Systsa, Structure, Component Qualification Re-Evaluation ResultsDtscription
Conclusion and Remarks

j t

| Spectra t Analysis FarginTest Analysis Report I Spectra O Comparison Maroin Report i of|
Piq. 5 Safety) . . _ . _ . . . _ . . _ .

1

COP INSEHTS
*

lil l-P6 01 A 501 RilR SW
See Table 5.3-37

1111 -i 601 u 514 EESW
See Table 5.3-37

till-P807uS10 Rilk SW
See Table 5.3-37

Ill i -P804 A501 Diesel Puel &
j lit i-Puo9 A502 Lu!>e See Table 5.3-37

See Table 5.3-37
til 1-1602 ts510 EDGSW,

U1 See Table 5.3-37
| TEl<MIHATION CAlliNh"r3

til 1-P8 2 3 kilR SW
lil l- P8 68 Rillt SW EESW

*

See Section 5.4Ill i -P869 Diesel Fuel & Luise

!!21-P 3 50 (I.ocal llVAC Control
Panel) - Diesul Generator
Ventilation See Section 5.4

; li21-P 351 (Local llVAC control
Panel) - Diesel Generator
V2ntilation See Section 5.4

Skid Terminal ant! Relay llox X ITE
<

S&L >100t* Qualifiets to the newEquip. No. R3bol5001-4 Imperial
EMD-4 I.ocation HilR

, .la ted response spect ra. TRS
1 Elevallon 590' rl2-19-72 029950 envelopes the new RRS.

S&L
EMD-
0093971
EMD-
011980

* For vertical anil horizontal
siirection.

- - _ _ - _- - - . _ _ _ - _ _



_ __ - __ .- _. . _ _ _ . . _ - . . _ _ .._

TABI.E 5 2 (Continued)

__

It3STI<UMisNTATION AND CONTROL--Itl|R COMPLEX

SEISMIC RE-EVAT.llATIOla'

Si!PMAI':Y TABI.E i

.

| -- _ . . _

i

Method of original
! System, Structure, Component Qualification L .luation Results

I)e ser iption

i
_ Conclusion and Remarks

I
5,

Spectra t Analysis Margin'
Test Analysis Report.I Spectra 8 Comparison Margin Report 8 of

Fiq. I Safety
r

!

EnJine Panel Inst rumen ta tion X Wyle I. abs S & t. >100%e Instruments qualify to
| Location ItalR dated EMD- new response spectra.

Elevation 590' 5/1/78 029950 TRS envelopes tlie new,

" *
S & T.

EMD-'

013860
EMD-
001659

Diesel Genere-tor Control X Colt Ind, S&L N/A See Section 5.4
Console R30-Do- EMD-
Equ i p. tio. R300S002, 004, 005, S-9( 0- 029950

un s 007 BA-022
) I.ocation RilR (205981)~

00 Elevation 617' 7/2/75sJ .

Ii21-PS17 Auto Temp Control See Section 5.4
Panel - 1)G Ventilation

!>G l.oad Sequencer X See Section 5.4

] Engine overspeed Governor X Colt Ind. S&L >100% Qualifies to the new
- Equp. No. R30015001-4 Report EMD- to trl[. response spectra.

l.ocation RilR dated 029950
Elevation 590' 1/24/73 .

S&L
EMD-,

j 001659

J

l
-

* Por vertical & W rizontal
direction

.
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TAHLE 2 (Continued)<

INSTRUMEt4TATIOtl At3D COflTROI MifR COMPI.EX

SEISMIC Hi> EVA!.UAT Iota

SUMMARY TABl.!?

. _ _ _ _ _ _

Method of Original
System, Structure, Comgonent Qualification Re-Evaluation Results

podeription Conclusion and Retaarks

t
Spectra t Analysis Margin

Test Analysis Report i Spectra 8 Comparison Margin Report 4 of
Fig. 8

_ _ . _ . _ _ _ _ _ _ . _ _ _
Safety

TEW-X 41 -t3056 A (EDG 811) See Section 5.4
Tl3J-X41-It056u (EDG t12) ;
Switeli<Jear rouan llVAC

TEW-X41-t3057A See Section 5.4
TEW-X41-11057C
EDG Hoom IIVAC

TEW-X 41 -fl058 A See Section 5.4
Pump tux >in flVAC

(n Opera to r s (ITT) See Section 5.4
[ For Huskin Dangers
.

.

:

|

. _
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O TABLE 5.3-43

ELECTRICAL COMPONENTS LIST

(Attached)

r

l

O'

;

|

.

!

O

5-89
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EQUIPMENT TITLE - 480 V AC .U:D 260 V DC MOTOR CONTROL CENTERS (ITE)
.

UI P"E!; . LOCATIO!: 5YSTE!!S OR EQl'IP!:r; T
N- ~. F I CAT I O.'i P.U I L9 :::C-E LE'.'AT I C?i- FED FRO?! THE KE !.:U.!;CE D RE MRKs

D POSITIC:s COLU'!!i L!!O.S EQUI P?!E!;T

km/s/f c. 6 74j_ q$ggn},q{ yypc.,
.,

fff-ff T.'-? ELA dol.. E-/O

S E A4' fo f A L D b . 5// VN $
i 724-3/9 zJo FLA Col. 'A *'6'' ~f *' ESS**4'N N VAC

/44 EECWS
, ._ - --

| .%vziad? dL o&- p44 EEcwS,

72c-za irs r/a. ses. N-is Essan+gs| Hvocy,y

Aux /s u A y 14 o 6. 747 e1\ Ccohnb .

7EA'3/? 4; ria. dos. S-i3" af/ g,, y y vAC.
'

.

,

pgoo Gedr.\ Aw
.-

ASAd "0A AlD6-/ gy gg
7fd ,C" 2do fit del. A-//

AS/ Nucleor bi}tP '

\
--.

s*$U,Y/d/AAf $dOb*
Z/,Q-/ L'o ,cz,s. ges. '//-i/ UI I

~

I

Aur/4/4Af Alo6 gy QQ.
2/8~/ ELO J24. del 'H-//

~

_-

ase co-a ex g // R H R h= v44r
7268-zo M' '' MI =Ssenk\ Qvnc-.

d*L. tot 7'- 0" l~cL. 6 - G>
A.300 htStI b-CMrdcP $<,ya O

RNA &om/ Ley st/ $HR MT V' L t- Vls.$ < Y'

Sn/4 A. A H X 4/ $SSenYWI |-4 UAC \~

54. zealo" 4c4.''E - 7 " /3oo QieSd Gener-dr 3erw.<_ My
,

nears,e .eLos.
4// RNk

7 2 ~- 4 A '"0 ##
..

coz,. ' o-9. .

|

AsAdfod 64 C6-
'

gp.

7zs- GA '' ' ' 2 '- pe,o c,a A c..

l':4. . D-9
5-90 -



w

EQUIPMENT TITLE - 430 V SWITCHGEAR (ITE) |

_

EQUIP!:E!;- LOCATIC'; sys; ems og EgtIpnyi;T |
t UILDI!;C-ELEVATIC:;- FED FR0!! Tile REFERE*;CED REMARKSpI!iTIFICATIO:; |
i

u;D POSITIO!; COLUM;; LI :ES gQripng;;T

, ' * Y' 7'+ 1 E S$enh\ H VA (*O
u '!3 -4[P"")

'

72 C "" n '- A
M cc 7tc.) A

Cel f-IC MccTzc.f

1,v t . Sto s . 5 J G A L M g .it Q H g,
7: F EL. G W - c* Q h ru) na 72F - 4A

M 'c 7L:-F
Col G -10

__ =-

A t/X BlD G, *vGL /4 t/ce 72 8 -1 A

72 6 El . 6) 3 ' C'tjuo k4 xcc 7G-1A
Co L . H -/0

ilux stod. JJGA* / M .m cc 7LE-5A

72 E - El . C C '- 6 * Cw /U)-

Ccl # -/0

AHA '*mf/f/ C- // W$
'

M' #E O * ' '7L CA EL . CtJ o "
Co l . f*d

'
A H A Co M / W X p.45 E,ESW

EL ' # ' l~' # "y pg e cc 72. ES -to
ca t , f. S

_

e

f

'.
e

e

rG g

M *

e

5-91
. - . . - . . . - . - . - - - - - - - - - - - --- ~~m-
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EQUIPMENT TITLE - 4160 SWITCHGEAR (ITE IMPERIAL)

EQUI?!!E!;T LOCATIO:: SYSTE!!S OR EQt'IP"E!.i
EhTIFICATIO; SUI' DI ;C-ELE',*ATIC! - FED FR0!! Ti!E REFr.3E::CED gruA g~:a

D POSITIO!? COLU!*:; LI!;ES EQt'I P!!E!iT

A ux . B L C S Sa GA AM 5 - // Yh
(, q 8 ft. 4 /3 '_ :" ( :4 Ax) swo4 728

1
:s L . H -Io

AVA. $lD & * $dOA' AM f" , jj ffh
C5 5 il % '- " (30 Ax) ,,,, 72 5

Co l . H-lo
. _ . _ ._

Aux. 13 tog .jaSx M 3,,, 77,, c
C,4 C n . s is t. g~ (wo ;;,,)

Co L * & *|o

Avi CLOG. !"GA AM .
S"CA 72 F45 5 [L , dy]/. &" (?h ftx)

Co i G./p

A H A' c.8/(if 5 -// Uk
|| ~r l fl 417 - o'' gag,< 7L GA

-

f

c,t..p.7-

-

AHA. c.,ppx p.qs EESs'as

I 2. E 6 n . 6/7 ' o ''
S'GA 72 E6

ci,L. f-4

;

1

.

.

%

e

|

t
1

1

. . . .

-

W

5-92
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_ _ _ _ _ _ _ _

EQUIPMENT TITLE - BATTERY MAIN DC FUSE CABINETS

EQUIPMENT LOCATIO!;
SYSTE!!S OR EQU1P!T.NT

IDENTIFICATION !!L*! LDI! C-E LE'.* AT I ON- FLD FRO!! TE, R T. FEN ESC F.D REMARKS
^ ND POSITION COLL':!N LINES EQL*1P:!ENT

~

ApX GlD $
%'M /U:s CA6 - Lu]-C" (3A': Etti gg 77;,cf

c'n c;.1,
.

AVt . OLDS.
yfg, mas * /VW CA4. C y)'. C'' QAD AA) /])7ffy

r<: a.
... .-_-

xx' . LLDS
/[yf . H)rd fulff 21 Cyy/. (^ (IAD EA. /])f;';q

Dtv 5 G.pt

Avx . Bles.
taid A'If red. d'43' d' U'' A') BAri*fAfD!'E F-n

Aux. Blod.
__

trG, pps for e/4. Jul' C* GAD |U] SAffidy'
D// f FH_

sut. OLDS-
_ - _

-

iruf. mig fujror g y/. c'' (ygo A x) 8 A 77f4f'y

Div$ f-Il

.

e

O

%

4

=

P) -u

5-93
. _ _ _ ._ .e .. .._ - - - - ---~~"-

- - _ _ - - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _



LOUI?XENT TITEE - SATTERIEs & 2ATTERY RACKS & THEIR MOUNTINGS (C&D)

_

mJIP!!E!;T LOCATIO SYS fE!!S OR EQt'I P!'E!;T
IDENTIFICATIC:: 3I LDI!;C-E LE'!AT IC!;- FED FRC!! Ti!E REFT.35::CED REMARKS

l

AND PCSITI0tt Cott'!::s LI ;ES EQt'I P!!E!;T

:;,,jyg y Avt Glad-

2IA 41l6 #* 3 '~ S " (" ']
st, ga II.11

Aux GLCS-
SU |'0' Y g qf., g " (pp BL)
:pA42PS

s,m . zAs. :n :g; ca t . f,6 - II, Il

Au0 LC * --

. , ._

.

t
%

.
_.

m

*

.

e

4

h

w

e

5-34

__



EQUIPENT TITLE - 3ATTERY CHARGERS 1.ND THEIR MOUNTINGS
EQUIP"E.I LOCATION
IDENTIFICATION liUILDINC-ELEVATION- :r FROM nr. grpy_m ce,9 gEHARKg

-
-

WD POSITION COLU"N lines EQUIPMENT
-

"

2y( D.c. dea G.:1-

S W2' ~ d " O') E'NA-I , A-1. , G . ;
Coi f, G -|| (.7la fu)'

gg76 p.g

130V D*c, kx . /juc. ,

2 A . I ,1 A -:. , :A l- 2, Cg]!. gn

2 0-l , ;S 2 .: 31.g
4L- r, G . It

_

__

h

|

|

.

9

%

e

!

.

(. -

|

|

I

5-95
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EOUIP.\'ENT TITLE - DC FUSED DISTIC3UTION CA3INETS (SQUARE D)

EQU I""'"' '' ' C C A** ' C"* SysTrus 09 egetone.-- - - **

DE!iTIFICATIC:; BUILDI;;c-ELEi A;;o;;- FED FRC!' Tffe Re ''h. .r;

_ )?D PCSITIO:? COLitti LI;;Es EQUIrhhE;.h
. . -

A :/X 155DG=zpj [
Cu]-G" (JAD Ex)'

Mord (i = C. C.'J*. rp(,
el. G Ilg,, y

&t Cl)5 *
:PG .2 f u]'- C'' g/p h/)

1w o. c. w. as,-

Die .::- Gl* f-fl
2fh1-5,; d u x Gla s.

4'If. g " ( ~ Aa Rx/\.

^ I'A f A.'1 Do17.( g
G t. f-17.cir;

1982- 5,s ,1x Otos.
/t etsfin , o,j c#4 Cli '. C " (i NO /td)

ou r c. c . ; -n

AA Ol062ff2a/t/
/]~4" (200 Sitt)

'

"G/t. /F4 917: c//].
- D // J 4 L. N 'I0

2 PS 2 - 15 A"' W6 ' -~

'W I" UAD I4"):sst t.>< nu r. a g.

Ol'' C e L. G-/se

| 2ph 2 I3 A tfA-. ceyjigy
b)"0A N [rfiff Citi. Sl7 o"

.~Ce *

DW Z cs i . G - C

2PsL -/</ p g,c mnpty
c-s f wn w. g,, ,', ,, -

DI/ 5 ?v i. G .9

~.
4

. '

|

| .

I O
.
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EQUIPMENT TITLE - 120 V AC MODULAR POWER SUPPLY U!?ITS (MPUs)
EQU1pME::; LOCATIO:: *

SYSTE!!S OR EQUI!"!E!;T
E,;T!?; CATI O:s BUI LD!!;r.-E LE'.*ATIO ;- FED FRO: Ti!E REFE:iE!;CED REM /,RKS

L;D POSIT 10:: COLU: :i L1!;ES EQUIP:E:T
4 W = 4:DJo.=44 il # /' o

FL . t). t " (:A /2)
at. F- 6086

bWK OLOCo

MPU ' 2- FL- C*l' C''L.'in iv.)
M l. f-/0, H

_
___

_

.

e

9

%

e

|

|
'

.

&

W
*

5-97



.

|

EQUIP 31ENT TITLE - DRYWELL PENETRATIONS (CO!!AX CORP. )
,

1

c5 QUIP!rf.!:T LCCAT10:;
SYSTD!S OR EQl'IP!!CITT

{ 'DE!!TIFICATIC:; BUI LDI!;C-E LEV AT IC!;- FED FR0!! Tite RErERE::CED RE}' ARKS/
s~AND POSITIO:; COEU!!!i LINES EQUIP"E!!T

A EAc,"at 5 ALDik&
Gin!AAL =>L =l\ o Ct: . 15 !!I 511. , -- w

ELEV* | 3 '' Y
.

__ _

.

l
|

.

O

I
, --
l

.

%

e

^
.

W

.
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, " 900-RA-
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This component. is requali-
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lay Ci t' fe l s 900-RA- specific earthquake

013

UI Switclagear Seismic Mounting X R1400S- N/A This equipment is requali-

h t>y Giffels 900-RA- fled to the new site
014 specific earthquakeo

<n

.
e



o 3TAllLE 5.(us? OL/
4160 V SWITCitGEAR (ITE IMI*ERIAL)

SEISMIC NE-EVAI.UATION

SUMMARY TAtti.E

...

Method of Original
Sy n. t i. m . Staucture, Cong>one n t Qualificatiori Re-Evaluation Results

Deseriptjor Conclusion and Remarks

4
Spectra & Analysis Fargin

Test' Analysis Report 8 Spectra 8 Comparison Margin Report 8 of
Piq. 8 Safety

-- -- .-. - ---

Seismic Certitication for X kl4000- See Section 5.4
-

Class IE Electrical Equip- 000-SC-
ment (ituses 64ts, 64C, 6 5 E, 009-E4-
65F, 647, 657, 11 EA, 12 ED, 333
ITE 831-47196)
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1 Auxillary itelay GE 000-RA-
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Itepor t it-0916tsr

seismie Withstandability X See Section 5.4Overcurrent itelay CE
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Procedure)

8

Report R-09161-AT

beismic Withstandability X R14000- See Section 5.4Overcurrent Helay CE 000-RA-
12PJCllAVIA (Per ITE 006.

TD-7629 Procedure)
flejet t H-09161 -ilk )
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Un
i Seismic Wit'astandability J10 X R14000- See Section 5.4H k Jl.1 Helay ITE-STD-1-15/36/ 000-RA-C 17 002 (E4-y

402) .
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Switchgear Huunting Seismic X R1400S- fled to the new site
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013
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by Giffels 0-RA= specific earthquake
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SE721-2297-2 which indi-
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F* charger Wyle i<eixa r t |
O I42954-1 (

k.
nattery racks for 24 V DC X R3200S- N/A g <9reams qualif
batterles--soismic analysis 900-RA- F Mdo) '

I

of C&D battery support racks 007 (Ell- )
for the C6D Ho. 1 IsCU-7 85) |
Buttery ,

nattery ri.eks for 130 V DC X R3200S- N/A g 9reass qualif
* '

!

battotlos--seismic analysis 900-RA-

re por t of KCH-17 singlu tier 003 (Ell-
|

battery rack 81) '

CCf. Itepor t 8A-Il9-77 This equipment is requali-
Soismic Hepost of 24/48 V X R32-00S- N/A 468 68 17.31% fled to the new site
battesy rack mounting 900-DA- specific earthquake
gal-001-EF2-159-156 011

R32-00S- N/A(78-gal-0364)
900-I.C-
182

. _ _ _ _ -
.

.. . ..

..
.

.. .___ __
. . . ..
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O O O
TABI.E 5.3-49 (continued)

HATTERIES & HATTERY RACKS & TilEIR MOUNTING (C&D)

SEISMIC RE-EVAI.tlATION

LSilMMARY TARI.E

. . . . . . . _ _ _ . _ _ _ _ .

Mothod of Original
System, Structune, Component Qualification Re-Evaluation Results

Description Conclusion and Remarks

%

Spectra 1 Analysis Margin
Test Analysis Rep 3rt 8 Spectra 8 Comparison Margan Report 8 of

Fiq. 8 Safety

This equipment is requali
Suismic closi.ps of 130/260 V X R32-00S- N/A 28.49 RSI 20.9% fled to the new site
& 24/48 V battery rock sup- 900-BA. 8Pecific earthquake
l a>r t s , tuse box & its Cil
supporis (78-gat-0143)

Soismic desi9n of 130/260 V X Part of N/A This equipment is requali- ;

battery rock supports 24/48 v the DDP. fled to the new site
battesy rack supports No report specific earthquake ;

number [

This equipment is requali-
Seismic report for the desigo X No report N/A fled to the new siteW of the battery tacks number

I specific earthquake
H
H
H

.

.

I
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TABIr s.3-51

I DC FUSED DISTRIDtfrION CAu! NETS (SQtlAHE D) VDP NO. EF2-30,121C

; SEISt1IC RE-EVAI.UATIOf 8

SUMMARY TAllt.E

4

i
--

,

Method of Original
System, Staucture, component Queillfication Re-Evaluation Results

Description conclusion and Remarks

t
j Spectra t Analysis Margin

*est Analysis Report 8 Spectra 8 Comparison Margin Neport 8 of
8 Piq. I Safety
.

Seismic Qualitication for a X R3200S- See Section S.4
+

I 250 V DC OMis Panel lloard 900-RA-
Sipaare D 8998-lo-09-I.16H 015

(EG-87)
This equipment is requali-

Seismic Clasu ! DC Distritau- X T51000000- N/A 524 fled to the new site '

I t. ion Panel Installation at RA-001 specific earthquake
; the Reactor Huilding (Ell-128)

Seismic class 1 DC Distribu- X R3200S- N/A 43% This equipmant is requali-
! tion Panel Installation at 063 fled to the new site

en the RHR Complex specific earthquakeI

I
2 e
* t*

.

d

i

!

!
!

*
i

1

<

_. _ _
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*

TARI.E S.3-52

120 V AC Montit.AR POWER SUPPI.Y UNITS (MPUs)

SEISMIC RE-EVAI.llATIOtl

StlP8 MARY TAHl.E

_ _

Metliod of Original
System, Structuto, Component Qualification Re-Evaluation Results i

Description Conclusion and Remarks

%

Spectra % Analysis Margin
Test Analysis Reger t 8 Spectra f Comparison Margin Report 8 of

Fig. 8 Safety

WR is gaW
seismic analysis Hegott of X R31018- N/A 34 p2g fled to the new site
16C gaswer supply panel struc- 001-00-00 specific earthquake
ture 174021-1

ok
Suismic vileration lusta of X R3101AS- 0.636 q g < q ,,ggg,, q
16C powur supply panel com- 900-RA-
panents--ASCO transfer 002 (ES-
switch sotation voltagu regu- 443)
lator & CE fusilite disconnect
Hepar t 74021-1

I This equipment is requali-
e Annlysis of scismic Claus IE X R1600S- N/A ficd to the new site >

y im>untings for modular 3,ower 900-RA- specific earthquake
nnits 81 & 2 GAI-001-EF2- 009 (Ell-**

f>
l 'J 3 - | | H (7H-gal-2?l) 130)

'

okScisnic on.ill'ication of A R310lS- N/A 9 <g
reass qualif

t lie St1H test swi tch nuiunt- 001-
inq for MPtis 1 6 2. GAI-
001-172-228-269 (Ell-140)
(79-GAI-352)

. . _
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TAllIE 5.3-54

j, TEntMINAI. ItOXES AND TEltMINAL DOXES ATTAC! LED TO DRYWELI. PENETRATIONS (llOFFMAN)

SEISMIC RE-EVAI.l!ATION
4

SUMMARY TABI.E
.

ia

__

f Method of Original
1 Sy s t ena, Staucture, Comgonent ()ua 1i f ica Lion Re-Evaluation Results

thsser ipt ion . Conclusion and Remarks
'

t

Spectra t Analysis Margin
Test Analysis Report i Spectra I Comparison Marqin Report 8 of

Fig. 8 Safety,

i
-

is eq i ent is roquall-Terminal Isoxes suismic quall- X CASI N/A 73.1%
fication report stof fman (Ell-109) t new s e
Type A-1210 Clitir A-1008 CilNT ,p,g , N

,

and A-606 CliNP*

| This equipment. la requall-
; Termin.nl leux at tactinent to X GASI N/A 43.4% fled to the new site
; drywell g ene t ra t ion s , i<eac- T23 OlX specific earthquake
: tor Ill dg . 102A
! RA-001
] [ (Ell-136)
i e
' w

m

.

1

1

,

i
4
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!O TABLE 5.4-1

Components Requiring Seismic Requalification

i

!

Component Reference Table

| 1. Diesel Generator Fuel
,

' i

Oil Storage Tank 5.3-12

2. Diesel Generator Service

Water Pump 5.3-16

3. Cable Tray Cooling Fans 5.3-35

4. RHR Complex HVAC Fans 5.3-36

5. 'Hil-P868 (Termination Cabinet) 5.2-38'

6. Hil-P891 (Termination Cabinet) 5.3-38

7. North Control Air Compressor

Control Panel 5.3-39

8. Control Air I&C 5.3-39

9. North Dehydration Unit (Control Air) 5.3-39

|
|

O
|

5-117
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O TABLE 5.4-1 (Continued)

Component Reference Table

10. Hil-P898A (Relay Room Cabinet) 5.3-39

11. Essential HVAC I&C 5.3-40

12. Ell-P888 (Termination Cabinet) 5.3-40

13. Hil-P889 (Termination Cabir,at) 5.3-40

14. Hil-P823 (Termination Cabinet) 5.3-42

15. Hil-P869 (Termination Cabinet) 5.3-42

16. H21-P350 (Termination Cabinet) 5.3-42

17. H21-P351 (Termination Cabinet) 5.3-42

18. EDG Control Console 5.3-42

19. H21-P517 5.3-42

20. EDG Load Sequencer 5.3-12

21. 480 VAC and 260 VDC Motot
Control Center (ITE) 5.3-45

22. 48 V Switchgear (ITE) 5.3-46

23. 4160 V Switchgear (ITE Imperial) 5.3-47

O
24. DC Fused Distribution Cabinets

(Square D) 5.3-51

5-118
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6.O PIPING EVALUATION

The effects or the postulated site-specific SSE spectra on
plant piping systems were evaluated by performing detailed
analyses of large-bore piping and instrumentation and control
piping, and by generic analysis of small-bore piping and Class
lE conduit.

Sections 6.1, 6.3, 6.5, and 6.6 p:esent the results for large-
Sections 6.2 and 6.4 describe the requalificationbore piping.

of instrumentation and control piping. Sections 6.7 and 6.8
>

present the generic evaluations of Class lE conduit supports
and small-bore piping, respectively.

The results of the evaluations show that these systems have the
capability of withstanding the defined site-specific earthquake
and the ability to subsequently support a cold shutdown of the.

plant.
| f_s(,) '

6.1 Large-Bore Piping Stresses

The original seismic analysis of large-hore piping is described
in Section 3.7 of the Fermi-2 FSAR. The supplementary analysis

discussed here was limited to piping in systems required for
safe shutdown (identified in Section 5.2 of this report) , as

listed in Table 6.1-1.
i

the SSE response was obtained by multi-In the FSAR analyses,
instead Of using the SSEplying the OBE response by 1.875,

(The value of 1.875 is the ratio of the SSEresponse spectra.

ground acceleration, 0.15g, to the OBE ground acceleration,
These analyses were based on structural damping of 5%0.08g.)

and equipment damping of 0.5%. The supplemental evaluation was
based on structural damping of 7% and equipment damping of 2%,

|

| as required by Regulatory Guide 1.61. In general, the multiplied

|

! (~y
|u
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^\
(N / OBE response spectra bounds the corresponding site-specific

spectra through a considerable portion of the low frequency
Since most significant leads generally result from therange.

lower fr'equency modes, it was expected that the design-basis
piping stresses calculated using the multiplied OBE response

Thespectra would bound the site-specific piping stresses.
numerical results proved this assumption to be correct in almost
all cases.

In the April 28, 1981, meeting the NRC staff expressed its
desire to see a revised vertical spectrum in the supplementary
evaluation. As discussed in Section 2 of this report, the revised
vertical spectrum is assumed to be two times the FSAR SSE spec-
t r u m'. Inclusion of the revised vertical spectrum in the calcula-
tion of loads on the piping systems listed in A.1 of Table 6.1-1
did not significantly increase the loads. For this reason and
the reas7ns discussed previously, reanalysis of the systems listed

,

() in itc ; A.3 and B of Table 6.1-1 was considered unwarranted.
!

' The NSSS supplier originally used the response spectra that most
closely corresponded to the center of gravity of the piping syster
to evaluate the main steam system, reactor recirculation system,
and attached piping. These piping analyses will be revised to
include all the response spectra applicable'to the support and
anchor locations. As these analyses will use a multiplied OBE
response to evaluate SSE loadings, the conclusions reached in
this section will apply to these piping systems as well.

I Results are presented herein for one piping analysis subsystem,l

FW-01, which consists of the feedwater piping from the flued
head anchor structure to the reactor vessel. Piping modal per-

iods are tabulated in Table 6.1-2. The design-basis response

spectra used in the piping analysis are compared with the corre-
sponding site-specific spectra in Figures 6.1-1 through 6.1-6.

O
V
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(^/) Piping stresses are tabulated in Tables 6.1-3 and 6.1-4. Overall,
x_

the results from all the piping analyses performed showed the pre-

dicted piping stresses to be lower for the site-specific earth-
quake than for the design-basis in almost all cases. Therefore,

the plant large-bore piping is considered to be adequate in this
aspect of design.

6.2 Instrumentation and Control Piping Stresses

Loads on the instrumentation and control (I & C) piping inside

containment required for safe shutdown were originally calcu-

lated using the FSAR SSE response spectra at 1% equipment damping.
All of these piping systems were analyzed for the supplementary

evaluation using both the revised horizontal and the revised ver-

tical response spectra.

Instrumentation and control piping stress results are presented

; in Table 6.2-1 for one piping system. Overall results show all
l 7s

|t) I & C piping stresses to be within Code allowables for faulted

(level D) conditions, with the vast majority within emergency

(level C) limits. Thus, the present design of the I & C piping

in the plant is considered adequate.

6.3 Large-Bore Pipe Supports

The design of supporte for piping systems at Fermi-2 includes
considerable safety margin. Factors contributing to this margin

| include the following:
!

a. the design of structural components is based upon AISC

code limits without including the 1/3 increase allowed

for seismic loads (margin to failure would be larger);

b. the piping analysis is conservative, including the assump-

tions such as rigid supports in the analysis of thermal

loads, broadening o" response spectra peaks, enveloped

; (x,
| N
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.

( ') response spectra and the simultaneous occurrence of
low probability worst-case loads;

c. loads for the majority of the supports in the reactor

building are based on either 1.25 times the piping
analysis predicted load or the actual rating of the
component, (i.e. snubber, strut, etc.) whichever is

smaller;

d. anchor bolts are sized using the factors of safety

given in IE Bulletin 79-02.

Representative pipe support loads as predicted by one piping
analysis (FW-01) are presented in Tables 6.3-1 and 6.3-2. The

definition of combined load used in these tables is the maximum
of the following 4 loads: .

1. seismic inertia + seismic anchor displace. ment +

deadweight

7x
(_) 2. seismic inertia + seismic anchor displacement +

deadweight + thermal

3. (-) seismic inertia - seismic anchor displacement +
deadweight

,

4. (-) seismic inertia - seismic anchor displacement +
{ deadweight + thermal
:
1

The old combined load includes seismic inertia loads based on
the FSAR SSE (OBE scaled by 1.875). The new combined load in-
cludes seismic inertia loads based on the site-specific SSE.

|
. the pipe support loads resulting from the site-specificOverall,

SSE were fodnd in nearly all cases to be lower than the loads
resulting from the FSAR OBE scaled by 1.875. In addition, the

rigid support loads were lower than those of the original ana]y-:

ses because normal operating temperatures, rather than design-
,

/s,

km

:
6-4'
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basis temperatures, could be assumed under the guidelines pro-
vided by the NRC staff for the supplementary seismic evaluation.
For these reasons, detailed evaluation of each support was con-

sidered unwarranted. The present design of the large-bore pipe
supports in the plant'is considered adequate.

6.4 Instrumentation and Control Pipe Supports

|
| As indicated previously, the I & C piping was originally evalu-

ated using the SSE response spectra with 1% equipment damping,
not the. scaled OBE spectra used to evaluate large-bore piping.
Thus, it was expected that the supplementary seismic evaluation
would predict a number of support loads higher than originally
calculated..

A representative sample of the drywell I & C supports were evalu-
ated. This sample consisted of 43 of the 191 areas originally
analyzed and it provided load change data for 1294 structural

{
supports.t

To evaluate the significance of the load changes, they were

grouped into the four categories shown in Table 6.4-1. The

results of this grouping are shown in Figure 6.4-1. Inspection of

this histogram shows that the new loads are less than the orig-
inal loads calculated for half of the supports. The new loads

are less than code-specified minimum yield strength for 75% of
the supports. The large number of supports shown in Category D
results from small changes in very small loads originally cal-

| culated. A sample of this type of data is presented in Table
6.4-2. From this analysis, the present design of the I & C

piping support is considered to provide sufficient margin to
assure that the plant can be shut down safely following the post-
ulated site-specific earthquake.

'

A
'uj '

|
,
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m
k/ 6.5 Equipment 1ozzle Loads

Forces and moments at equipment connections predicted by the
large-bore piping analyses previously described were compared
with the design-basis reactions and the allowable reactions.
In all cases, the loadings resulting from the site-specific
earthquake were lower than the original design values. Results

for the feedwater piping RPV nozzle connections are provided
in Table 6.5-1 as an example of this evaluation.
As presented in Table 6.5-1, the resulting forces (F ) andR

moments (M ) are defined as follows:R

F " +F 2p units of pounds-force,

R x y z
.

=gM 2g 23 2 ,,13, ,, ,,,e_pcong,_,,yc,M ,x y zy

The quantities F F F M M and M are those arising
x, y, z, x, y, z,

j from the worst combination of weight, thermal, seismic anchor,
! {N and seismic inertia loadings.

6 .~ 6 Valve Accelerations

The accelerations at the center of gravity of operated valves
were calculated in the large-bore piping analyses previously
described and compared with the vendor allowable values. In

all cases, the calculated values were much less than the allow-
able values. Results for several valves are presented in Table

|

f
6.6-1 as an example of this evaluation.

The EECW pump differential control valves and the EECW heat
exchanger outlet temperature control valves (mark nos. V8-2481,
V8-2482, V15-2036 and 115-2040) were not included in this evalu-

| ation because of the following problems:

1. These valves are furnished with accessories (controllers,
positioners) that may not be qualified to fail the

L(Q valves in their designed failure mode.
j _-

;

6-6i
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,y,

\''/ These valves have fundamental frequencies (of the2.
consider-operator with respect to the valve body)

ably less than 33 Hz. As the valves are modeled
with rigid elements between the pipe centerline
and the valve center of gravity in the existing
piping analysis, accelerations thus obtained are
invalid.

In pursuing a solution to this problem, Deco commits to use the
multiplied OBE response to obtain the SSE response in the
affected piping analyses. The trends apparent in the analyses

previously described indicate that the valve accelerations
thus obtained will be similar to those obtained from a site- *

specific analysis. Therefore, we see no need to consider this
problem as an open item with regard to the site-specific earth-
quake.

Evaluation of Class IE Conduit Supports by Generic() 6.7
Analysis

The original seismic design for the Class IE electrical con-
|

duit supports is described generically in the Giffels Associ-
report entitled " Seismic Analysis and Design ofates, Inc.

Class IE Electrical Condeit Supports - Enrico Fermi Power Plant -
Unit II," and specifical. in a series of individual design
calculations which are typically represented in form and content

|

by a document entitled " Seismic Calculation for DCR E-2307,"
which was transmitted to DECO via Giffels Letter 81-gal-101
dated 4/24/81.
The original seismic design was done by conceptually dividing
the reactor auxiliary building into two seismic zones at an

and
elevation of 640-0 ft (which is below the third floor)
then designing the conduit supports for each zone using static!

|

A

%.
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o) analysis techniques based upon the simultaneous applicati~n of(_ o
three orthogonal peak-of-the-spectra acceleration coefficients.
In each case, the maximum acceleration was used as the basis
for the analysis. In order to account for the contribution of
higher-ordered modes, all acceleration coefficients were multi-
plied by 1.5 as is recommended by SRP 3.7.- After a review of
all relevant spectra, it was determined that due to the lower
damping, designs would be governed by the OBE loads. Consequently,

all calculations were done using the appropT.iate OBE spectra,
calculated at 2% damping as is required by Regulatory Guide 1.61.
Allowable stresses used were as specified by the AISC code, 1970
edition, without the allowed increase for seismic loads.

Method i

O' The basic steps followed in the reevaluation are outlined
'

below:s-

(1) The originally calculated seismic acceleration
coefficients for each seismic zone were listed.

(2) The seismic acceleration coefficient based upon
new SSE spectra were calculated using the same
techniques that were applied in original analysis.

(3) The new seismic coefficients for the new SSE were
scaled down based upon the ratio of SSE to CBE
allowable stresses (F vs Fallowable}*y

(4) The scaled seismic coefficients developed in step
3 were checked on a floor-by-floor basis against
the original coefficients used in step 1, and the
appropriate conclusions were drawn.

O
s_/
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3 Assumptions

(1) Allowable stress for SSE = 1.0 F
Y

.

(2) Allowable stress for OBE = 0.69 F
Y

(3) New acceleration coefficients will be based upon 5%

equipment damping rather than the 4% specified in

Regulatory Guide 1.6 for welded structures. This is

defensible since the 4% figure is for welded steel

structures, and does not take into consideration

the additional damping that the conduit supports

will experience due to the cables " slapping" inside

the conduits during a seismic event.

(4) If the new adjusted seismic acceleration coefficient

for a slab (floor) is less than or equal to the orig-
7-

.

(_ inal seismic acceleration coefficient for the seismic
zone containing that slab, than all conduit supports

attached to that slab are considered qualified to the

new tabulated earthquake loadings.

(5) A multiplier of 2.0 on the existing SSE acceleration

coefficients was used to obtain values for the new

" larger than SSE" in the vertical direction.

!

Conclusion

The results of this analysis are shown in Tables 6.7-1, 6.7-2,

and 6.7-3. The ratio of the new earthquake horizontal design

acceleration amplitudes, scaled to reflect the higher allowable

stresses permitted during the SSE versus the original amplitudes,

varies from 0.32 to 0.96.

1
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p
capacity of the existing conduit support design varies from 4tv

It is therefore concluded that the existing IE conduitto 68%.
support system is qualified to the new postulated SSE.

.

Generic Analysis of Small Piping
6.8

This section presents the generic evaluation of the effects of
the site-specific spectra on the design of small-bore piping

"Small
given in the Sargent & Lundy report S1-3159, Revision 1,

1977.Piping Design Standard," July 29,

Procedures .

The present design-basis data are shown in Tables C-1 and C-3
schedules, and recommended span lengths

of SL-3159. Pipe sizes,

Using the procedures of Section A-4.2 of SL-3159,|
were reviewed.

' (' } the first modal period was calculated for the specified span'

This period was used to select appropriate accelerationlengths. and 6.8-3 for the Reactor Buildingvalues from Figures 6.8-1, 6.8-2,
6.8-5, and 6.8-6 for the RHR complex.ing and from Figures 6.8-4,

Predicted support loads were calculated from this acceleration
value.

Results

A complete set of calculation for support loads, pipe stress, and
& Lundy calculation packagedisplacements is given in the Sargent

For piping in the Reactor Building, Tables 6.8-1,EMD 030163.
6.8-2, and 6.8-3 present a comparison of the design-basis loads

The
with those predicted under the revised response spectrum.

For
predicted loads do not exceed 70% of those given in SL-3159.6.8-5, and 6.8-6 present
piping in the RHR complex, Tables 6.8-4,

,,

%

6-10
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,

O a comparison of the design-basis loads with those predicted,

under the revised response spectra. The predicted loads do

not exceed 90% of those given in SL-3159. Thus, all values
)i

were confirmed to be within the design-basis values of SL-3159,
Hence,the small piping design standard for the Fermi-2 plant.

the design of small piping is considered acceptable.

!

,

!

.

d

: O
l

..

<

i

!

i

:

i

:

O
.
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Table 6.1-1

O
Large Bore Piping Analyses

A. Systems Reanalyzed for Supplementary Evaluation

1. New horizontal and new vertical (2xDBE vertical)
and, for comparison, without new vertical

| Reactor Building RHR Complex

| RHR-03 & -19 SX-13 (RHR Service
Water Return)

FW-01 & -04 EDG-12 (Diesel Gen.
Starting Air System)

EECW-9 & -17

I 2. New horizontal and new vertical
,

I EECW Makeup Tank Piping

3. New horizontal only
|

RHR-07,

I EECW-08, -10, -11, -12, -13
EECW-14, -15, -16, -21, -22
RCIC-03, -04
EDG-11- (Diesel Generator Air Intake)

! SX-06 (EDG Service Water Supply)
SX-08 (EESW Supply)

'

SX- 09 (RHR Service Water Supply)
SX-10, -11 (EDG Service Water Return),

i
B. Systems not Reanalyzed for Supplementary Evaluation

'

RCIC-01 (Outside drywell, steam supply to!

RCIC turbine)
RHR-02 (Outside.drywell, RHR SDC return piping)

! CRD (Small~ piping inside & outside drywell
originally analyzed in detail)
SRV Discharge Lines (3 lines off mainsteamline B),

i RRS (Including attached RHRS and RHRR Piping)
Main Steam Line B (Including Attached RCIC Steam

11 Piping Inside Drywell)

L

O
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TABLE 6.1-2
O Stress' Analysis Subsystem FW-01
( Feedwater Piping Inside The Containment

,

Model Periods

Mode Period (sec)

1- .11122
2 .10526

i 3 .08960
4 .08254

,

5 .07026
6 .06401
7 .06251
3 .058264

9 .04812
10 .04232
11 .03913
12 .03481

O 13 .03287'

U
. 14 .03229

15 .02931
! 16 .02792

^

17 .02628
18 .02602

19 .02505
f-

20 .02480

21 .02364'

I
l' 22 .02291

23 .02233
24 .02070

25 .01938
I 26 .01803i

27 .01710

28 .,,1689

29 .01678

|g 30 .01646

L)
:

| G-13
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TABLE 6.1-3

PIPING STRESSES (VALUES WITHOUT 2 x EXISTING VERTICAL)

ALLOWABLE *
STRESS DESIGN BASIS ASSESSMENT % DESIGN BASIS ASSESSMENT ** % COMBINED
REPORT NODE SSE STRESS SSE STRESS CHANGE COMBINED STRESS ** COMBINED STRESS CHANGE STRESS

FW-01 15A 3028 1962 -35.2 14036 12970 -7.6 43762

35B 3154 1976 -37.8 13930 12752 -8.5

75A 3874 2285 -41.0 14515 12926 -10.9

95B 2224 1327 -40.3 13068 12171 -6.9
,

120B 3510 2146 -38.9 15315 13951 -8.9

Z liOA 2998 1776 -40.8 14916 13694 -8.2

160B 3964 2455 -39.1 14549 13040 -10.4

180B 3971 2166 -45.5 15030 13225 -12.0

215B 6229 3791 -39.1 17389 14951 -14.0 "

Value indicated is Level C Equation 9 Allowable, 2.25 Sm*

Combined Stress Means Equation 9, NP-3652, Level C values**

_ _ - _ _ _ _ - _ _ _ _ _ - _ _ .
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TABLE 6.1-4

PIPING STRESSES (VALUES INCLUDING 2 x EXISTING VERTICAL)
i

STRESS DESIGN. BASIS ASSESSMENT % DESIGN BASIS ASSESSMENT ** %

REPORT NODE ESE STRESS SSE STRESS CilANGE COMBINED STRESS ** COMBINED STRESS CIIANCE ALLOWABLE *
_

FW-01 15A 3028 2004 -33.8 14036 13012 -7,3 43762

35B 3154 2026 -35.8 13930 12802 -8.1

75A 3E74 3157 -18.5 14515 13798 -4.9

958 2224 1656 -25.5 13068 12500 -4.3

i
120B 3510 2885 -17.8 15315 14690 -4.1

g
140A 2998 1934 -35.5 14916 13952 -7.1

160B 3964 2575 -35.0 14549 13160 -9.5
,

l

180B 3971 2185 -45.0 15030 13244 -11.9

215B 6229 3920 -37.1 17389 15080 -13.3 'I |

Value indicated is Level C Equation 9 Allowable, 2.25 Sm*

Combir.ed Stress Means Equation 9, NB-3652, Level C values**

__
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TABLE 6.3-1

PIPE IIANGER LOAD ASSESSMENT ,

STRESS REPORT ON FW-01
'

(WITIIOUT 2 x EXISTING VERTICAL)

NODE "OLD" COMBINED LOAD "NEW" COMBINED LOAD % CHANGE (BLANK)

18 3929 3631 -8.00

20 10254 9017 -12.00

41 6724 4975 -26.00

45B 2450 1980 -19.00

65 5310 ' 3957 -25.00

70 6260 4729 -24.00

100 2624 2328 -11.00

100 4260 3064 -28.00

155A 3254 2035 -37.00
,

155A 2657 2214 -17.00
'

155B 10225 6704 -34.00

165A 5909 4089 -31.00

185 8888 5395 -39.00

195 1775 1520 -14.00

210 6344 3651 -42.00

!

!

>
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TABLE 6.3-2

PIPE IIANGER LOAD ASSESSMENT

STRESS REPORT ON FW-01

(INCLUDING 2 x EXISTING VERTICAL)

r

NODE "OLD" COMBINED LOAD "NEW" COMBINED LOAD % CIIANGE (BLANK)

18 3929 4462 14.00

20 10254 9381 -9.00

41 6724 5236 -22.00

45B 2450 2322 -5.00

65 5310 4315 -19.00

70 6260 5120 -18.00

100 2624 2527 -4.00

100 4260 3366 -21.00

i 155A 3254 2150 -34.00

155A 2657 2363 -11.00

155B 10225 6991 -32.00

165A 5909 4826 -18.00

185 8888 5968 -33.00

195 1775 1619 -9.00

210 6344 4396 -31.00
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(" TABLE 6.4-1V)
Grouping of I&C Piping Load Changes

Assigned
Category Description Design Margin Index

A New Load:$ Original load 1.0

B New Load [ Original load plus the .89$
25% margin included int

j the support design

C New Load $f Original load multiplied .75
by the yield stress
divided by the gcVerning
code design stress

.

D New Load > Original load multiplied .5
by the yield stress
divided by the governing
code design stress

O

,

O
6-19
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Sample Support Loading Evaluation
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TABLE 6.5-1

- Equipment Loads

*
STatss Noot. Equie M mT Oto Resucrw New $suc.rauT New Resut.rauT

'RteosT ID Fa. t1a G t/x fg //x
_ - .. . . - . . . - .

FN-o/ /25 RPV Noaatt. 6760 38ti~?O 5937 3569I 4628 3/693
1.35' Li'168 33742 4Z38 30376 Lf085 29754
175 r 223E3 '/8988 20096 4746'l 2005/ 467'17

x luctuoios 2x FSAR SSE Vs.Tsc4 t.
n Wuniour Ex F5/)R SSC VE RT\cht.

FE e a wn rea. BPV Non e te.s - A tt ownei.e Renc noos

L O A D W C,. N(KlPS) //[/Ndn-K/PS)

DEAowusaT- 10 29 277.S
Sessme SSE 'll. Ih 7'/O.8
Twemat MoVT. 51. 4 9 IZ 35. 0

a = V Fi t Fa' M = '/a ( R + J K * + MT ) + l Fx 3/A

teMere : E SzcTi co Mo nu t.us c r- Pire
A * (ROSS SEC.TIOP J AL. Mf. tat AAEA c)* hi .1

Fx ,Mx = Atousi Aeoor ns noe ate. ass (xie, /a-rsie)
F ,Fe , Mx , Hz : ALoix,,) Aeosrr nE oRTisco,oe >At Axes c tm. ytaus

3
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TABLE 6.6-1
l

Valve Acceleration Assessment |

STRESS VALVE OLD NEW* NEW**

REPORT NODE MARK ACCELERATION ACCELERATION ACCELERATION ALLOWABLE

RilR- 45B V8-2141 .593 .694 .597 7.6

03&l9 50 .555 .685 .593

53 e .480 .648 .551
1000 V8-2139 1.658 1.223 1.068 7.87

3.017 1.862 1.674105
'

2.162 1.489 1.269110 l

195 V8-2137 .296 .634 .488 7.6

200
' 1.708 1.410 .912

3

4 .746 .824 .586205
4 443 V15-2018 .482 .652 .573 18.3m

450 .818 .797 .700
M

7 I .499 .724 .611465A

Includes 2 x Existing SSE Vertical*

** Without 2 x Existing SSE Vertical

NOTES 1. All accelerations are in units of G's
2. All accelerations are SRSS values (IE [A +A +A] )g

--

. . . . . _ .
.

..
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TABLE 6.7-1

RATIO OF ALLOWABLE TO
ULTIMATE STRESSES

Ultimate Allowable Allowable Stress
Code Stress Stress Stress Ultimate Stresc

AISC Bending & F 0.6 F 0.60
Y YTension

Shear 0.577 F 0.4 F 0.69 *II
Y Y

Compression F 0.6 F 0.60
Y 12 Y

to F to 0.52
euler 23 euler

I
Plate Bending F 0.75 F 0.75

y
!

AISI Bending & F 0.6 F 0.60
Y Y

j Tension

. Shear 0.577 F 0.4 F 0.69 "II

Y Y
t

Compression F 0.6 F 0.60

to F to F to 0.522
euler

4

AWS Tension & F min (0.3 F 0.30
xx xx

Shear 0.577 F & 0.4 F ) to 0.69
Y Y

I^I Governs

(b) Docs not occur independently in structures, but is combined
with other forms of loading to increase FOS

:
6-23'
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TABLE 6.7-2i

|
I!ORIZONTAL ACCELERATIONS OF CLASS IE CONDUIT

i
i

! (A) NS EW
1.SYAn+Ac Bi ZONE NEW SSE NEW SSE I ATIO CONCI.USION1.5 nan +Ac F /.69F gFLOOR ZONE ACCEL SPEC ACCEL SPEC ACCEL

I 1st I D29 0.80 B30 0.71 1.61 1.11 .32 SAFE
I 3.5 g

j 2nd I B31 1.5 B32 1.22 2.90 2.00 .62 SAFE

; EL. 640'-0"

j 3rd II B33 2.0 B34 1.72 3.96 2.73 .78 SAFE
i

! i 4th II 5.41 g B35 2.2 B36 1.9 4.36 3.01 .56 SAFE
"

-

Sth II B37 2.4 B38 2.2 4.88 3.37 .62 SAFE

i
4

1

i
:

5

k_ - --
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i O O O
:
!

TABLE 6.7-3j

VERTICAL ACCELERATIONS OF CLASS IE CONDUIT;
:

! -

k
IAI 1. 5 'Av+1 g

i ZONE NEW SSE MEW SSE RATIO0.6M
FLOOR ZONE ACCEL SPECT DAMPING ACCEL 1.5 Av+1g y y B/A MARGIN CONCLUSION

1st I C-16 5% 2.20 4.30 2.97 .96 4% SAFE

! .

.

j 2nd I 3.19 C-16 5% 2.20 4.30 2.97 .96 4% SAFE

EL. 640'-0"
i

1 3rd II C-19 5% 2.80 5.20 3.59 .69 31% SAFE

4th II 5.2g C-17 5% 1.90 3.85 2.66 .51 49% SAFE

y 5th II C-19 5% 2.80 5.20 3.59 .69 31% SAFE

!
|

|
;

!
!

i

i

!

i

i

.

.
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TABLE 6.8-1
Reactor Building

Seismic Support Loads
(East-West)

Nom Design Basis Assessment Margin
Dia Span Load Load Assessment
(in.) SCH. (Ft) (lbs) (lbs) Design Basis

|

3/8 0.049" 7 2.50 0.413 0.165
Wall

1/2 160 9 19 5 0.263

5/8 0.083" 9 8.5 1.51 0.178
Wall

3/4 160 11 44 11.84 0.269
.

1 160 12 46 17.16 0.373

1 1/4 160 14 80 30.46 0.381
:

(} l 1/2 160 15 95.5 42.14 0.441

| 2 160 17 163.5 78.6 0.481

2 1/2 160 19 253.5 123.7 0.488

3 160 21 371 202.76 0.546

3/1/2 80xS 23 522 243.88 0.467

4 120 24 599 331.38 0.553

i

*

O
'
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| TABLE 6.8-2

'

Reactor Building
Seismic Support Loads -

(North-South)

Nom Design Basis Assessment Margin
Dia. Span Load Load Assessment
(in.) SCH. (Ft.) (lbs) (lbs) Design Basis

!

i 3/8 0.049" 7 2.50 0.409 0.164
Wall

1/2 160 10 33.5 7.3 0.224

5/8 0.083" 9 6 1.5 0.25
Wall

3/4 160 11 28.5 10.78 0.378

1 160 13 66 24.2 0.367

1 1/4 160 15 103 41.18 0.4

1 1/2 160 16 116 57.04 0.492,

2 160 18 182 98.34 0.540

2 1/2 160 20 266 154.9 0.582

3 160 22 356 242.48 0.681

3 1/2 80xS 24 531 272.4 0.513

4 120 26 882 441.16 0.50

0
6-27
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TABLE 6.8-3

() Reactor cuilding
Seismic Support Loads

(Vertical)

Nom Design Basic Assessment Margin
Dia. Span Load Load Assessment-
(in.) SCH. (Ft) (lbs) (lbs) Design Basis

3/8 0.049" 4 2 0.574 0.287
Wall

1/2 160 6 31 9 0.290

5/8 0.083" 6 9 3.56 0.39
Wall

3/4 160 7 48 15.8 0.329

1 160 8 77 27.2 0.353

1 1/4 160 10 126.5 50.6 0.4

1 1/2 160 10 158.5 60.2 0.38

} 2 160 12 282.5 120 0.425

2 1/2 160 13 410 164 0.4

3 160 14 542.5 256.6 0.473

3 1/2 80xS 15 635.5 266.6 0.42

4 120 16 847 407.6 0.481

O
6,-28
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TABLE 6.8-4

RHR Complex
Seismic Support Loads

(Eas t-Wes t)

Nom Design Basis Assessment Margin
Dia. Span Load Load Assessment
(in.) SCH. (Ft) (lbs) (lbs) Design Basis

-

3/8 0.049" 6 3 0.68 0.227
Wall

1/2 160 8 36 3.54 0.098

5/8 0.083" 8 10.5 3.04 0.29
Wall

3/4 160 9 53 6.22 0.117

1 160 11 93.5 19.72 0.211

1 1/4 160 12 137.5 21.72 0.158

1 1/2 160 13 183.5 33.22 0.181

2 160 15 316 75.44 0.239

2 1/2 160 17 479 126.04 0.263

3 160 18 446.5 149.06 0.334
.

3 1/2 80xS 20 788 216 0.274

4 120 21 1164 309 0.265

,

6-29
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TABLE 6.8-5

C RHR Complex
Seismic Support Loads

(North-South)

Nom Design Basis Assessment Margin
Dia. Span Load Load Assessment
(in.) SCH. (Ft) (lbs) (lbs) Design Basis

3/8 0.049" 5 1.5 0.31 0.207
Wall

1/2 160 7 16.5 3.06 0.185

5/8 0.083" 7 5 1.43 0.286
Wall

3/4 160 8 28 5.2 0.186

1 16C 10 44 11.58 0.263

1 '4 160 11 69.5 16.9 0.243

1 2 160 12 93.5 23.94 0.256.

2 160 13 151 39.78 0.263

2 1/2 160 15 231 64.5 0.279

3 160 17 367 123.06 0.335

3 1/2 80xS 18 383 121.34 0.317

4 120 19 589 179.6 0.305
!

.

,V
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TABLE 6.8-6

RHR Complex
Seismic Support Loads

(Vertical)

Nom Design Basis Assessment Margin
Dia. Span Load Load Assessment
(in.) SCH. (Ft) (lbs) (lbs) Design Basis

3/8 0.049" 6 2 1.534 0.767
Wall

1/2 160 7 19 8.94 0.47

5/8 0.083" 8 6.5 5.74 0.88
Wall

3/4 160 9 33 24.54 0.744

1 160 10 51.5 40.48 0.7866

1 1/4 160 12 81.5 67.04 0.823

1 1/2 160 13 110 90.2 0.82

2 160 14 176 148.5 0.823

2 1/2 160 16 271.5 230 0.847

3 160 18 324 378 0.875
2

3 1/2 80xS 19 450 392 0.871
,

4 120 20 657 598 0.897
:

Ot
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7.0 INDEPENDENT EVALUATION

O i

In addition to the detailed evaluations discussed in preced-
|

ing sections, DECO commissioned an independent overview |,

of the response of the reactor building / auxiliary building
structures and equipment to the newly defined borizontal

I
and vertical site-specific response spectra (Reference 7-1.)

| This effort, conducted by Hopper & Associates, served as
independent verification of portions of the detailed evalua-

tions performed by others. The details of the independent
'

evaluation are presented in the following sections.

7.1 Purpose

The independent evaluation was undertaken to assess the

sensitivity of critical Fermi-2 plant structures and internal

components to excitation by an earthquake larger than that

cur.rently specified in the Fer.T.i-2 Final Safety Analysis

Resport for safe shutdown purposes.

' (:)
structural and equipment response problems associated with a

postulated earthquake larger than that previously considered

were evaluated and the acceptability of facility structures

and components for shutdown capability after such an

occurrence was generically considered.

This evaluation considered the inherent capability of
structural and mechanical elements to withstand deformations
exceeding their elastic limits without degrading their

functional capability. This yields a quick, conservative

assessment of the overall facility shutdown capability and

provides independent verification of detailed results

obtained by more accurate and less conservative

deterministic analyses.

l

O
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Analytical undertakings have primarily emphasized horizontal

(} excitation phenomena, as they are anticipated to be most

critical from the facility operability standpoint. Verti-

cal excitation phenomena have also been included in the in-

vestigation and considered when deemed desirable for

specific critical internal equipment capability evaluation.

7.2 Site Ground Motion

Earthquake excitations for nuclear reactor sites are

commonly defined by the use of ground response spectra.
These spectra yield a practical representation of loading to

be anticipated on strtctures at a particular site as a func-

tion of structural response frequency. The literature on

response spectra is abundant and detailed theoretical dis-

cussions are unnecessary herein.

Essentially all site spectra indicate a low frequency

| 3 displacement bound indicative of the maximum ground motion
to be anticipated at a given site, a high frequency

acceleration bound indicative of the maximum ground
'

accelera-tion to be anticipated at a given site, and a mid-

frequency range of values exhibiting acceleration amplifica-

tion phenomena dependent upon the specific site characteris-

tics.

Rules exist for construction of ground response spectra for

j specific sites. Over the years, rules for construction of

! such spectra have varied, but have remained essentially con-

sistent with respect to the overall results obtained.

Included as Figure 7.2-1 is a plot of comparative ground

spectra indicating various design guidelines established by

seismic authorities over the years. These spectra are all

normalized to the .15 g acceleration accepted as the estab-

lished value for the Fermi-2 site. The Fermi-2 FSAR spectra
j are plotted for 5% structural damping as used in the base-

'() line analysis. Other comparative spectra are plotted for 7%

damping as used in the structural reassessment analysis.

7-2
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The spectra currently in the Fermi-2 FSAR were proposed by

-) Dames and Moore at the time the Fermi project design basis
\> was established. Other spectra shown in Figure 7.2-1 were

developed from more conservative assumptions proposed subse-
quently. The Fermi site-specific spectra were developed
utilizing actual Fermi site-specific information to obtain a

conservative bound on design accelerations as a function of

response frequency.

The Fermi-2 site-specific spectra used with 7% structural

damping were confirmed by the NRC as appropriate for use in
the supplementary seismic evaluation of the Fermi-2 plant.
These spectra exhibi; higher response than the FSAR spectra
used with 5% structural damping in an intermediate frequency
range up to 33 cps. The maximum acceleration amplifiction
associated with these spectra is approximately 60% greater
than the existing FSAR spectra in the frequency range which
encompasses the primary response frequencies of both the

reactor atxiliary building and the RHR complex in the hori-

() zontal and vertical directions.

7.3 Energy-Absorbing Mechanisms

:

A structure or piece of equipment subjected to a dynamic

environment does not respond in the idealized, linearly

elastic way in which it normally must be analyzed.

Inherent characteristics in all materials absorb energy in a

dynamic response situation and render the equipment capable
of withstanding a greater dynamic excitation than one would

predict from a purely elastic analysis. Two of the simplest

and most effective idealizations of energy-absorbing

mechanisms are associated with damping and inelastic

response or ductility.

7.3.1 Damping

An item responding to a dynamic excitation below its ulti-

vate or yield capacity absorbs energy through system

7-3
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|

() nonlinearities and viscoelastic effects every time it

experiences a cycle of dynamic excitation. This energy-

absorbing mechanism is normally idealized as a velocity-

dependent damping whereby energy is absorbed in proportion

to the velocity of motion of the dynamic system mass.

Critical damping is the value of that energy-absorbing

mechanism great enough to dampen all motion prior to com-
pletic' of the first dynamic vibration cycle. Damping is

significant in practical situations. It is normally

expressed as a percentage of this critical value and usually

ranges from less than 1% to 10%, depending upon the le i

considered and its effective response stress level.

On Fermi 2, damping of 5% was assumed for the DBE response
of all facility structures. The analytical undertakings in

this report assume that this initial assumption is somewhat

overconservative. Reassessment evaluations have thus been
completed assuming 7% structural damping.O
7.3.2 Inelastic Response

Ductility is the most significant energy-absorbing mechanism
'

in structural dynamics. It refers to the energy absorbed by

a structure once it exceeds its elastic limit and initiates
|

| plastic deformation. Permanent deformation is associated
! with this phenomena. The amount of plastic deformation is

defined by use of a ductility factor or ductility ratio

which indicates the maximum system deforma-tion relative to

the elastic limit system deformation. As an example, a

structure which deforms 50% beyond its elastic limit during

a dynamic excitation would be said to be experiencing a

ductility factor of 1.5. Clearly, purely elastic response

is indicated by ductility ratios of 1 or less.
,

I
1

1 Response spectra may be modified to indicate the influence

() of ductile response characteristics in a straightforward

manner. The modified spectra are applicable only for

accelerations on the three-way paper frequently used. Since

| 7-4
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deformations are essentially preserved in inelastic response

but accelerations are significantly reduced, the unique

correspondence between displacement and acceleration auto-

matically shown on typical spectra paper is not applicable

in the inelastic range.

In the very low frequency zone it is customary to assume

that accelerations are reduced directly by the ratio of

1/p where p represents the ductility factor. In an interme-

diate frequency zone it is customarily assumed that elastic

and inelastic energy is preserved for a given cycle of

response and accelerations are thus reduced by the factor

1/2p-1. In the high frequency region it is customary to

assume no decrease in effective design acceleration due to

inelastic response phenomena. A transition zone exists

between the intermediate range and the high frequency range
to smoothly effect a transition from energy equivalence to

acceleration equivalence.

j Figures 7.3-1 and 7.3-2 illustrate these transition zones
! and the applicable accleration reduction relationships.

7.4 Facility Response Phenomena

I The Fermi-2 reactor auxiliary building structure, the RHR

structure, and internal equipment in both complexes have been

evaluated to determine their ability to function under the

loads of site-specific SSE ground motion spectrum assuming a
constant 7% structural damping.

The generic structural response phenomena are illustrated on

the spectral plots in Figure 7.4-1. This figure identifies

the Fermi-2 FSAR spectrum to which all facility structures,

including the reactor auxiliary building and the RHR com-

plex, have been designed. Additionally, the site-specific
! spectra have been overlaid to indicate the correlation
i Osi between the design requirements so imposed with those

already fulfilled. The site-specific spectra are plotted

7-5
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(} for purely elastic response = 1 and inelastic response

ranging up to a ductility factor = 4. From these plots, it

can be seen that mobilization of a ductility ratio of 2

would be sufficient to ensure that the design basis is

acceptable in all frequencies.

7.5 Internal Equipment

Internal equipment was also evaluated. For this evaluation,

it was assumed that the building itself will not exhibit

deformation in the plastic zone. This aFdumption is based

on consideration of reserved strength capacity existing in

structures of this type. If the structure were to exhibit

inelastic behavior, internal equipment seismic loads would

be significantly reduced. However, by assuming the struc-

ture remains entirely elastic in its response mode, the

maximum potential internal equipment environments were con-

gg cc:vatively enveloped on a spectrum plot. From this, the

\/ internal equipment ductility necessary to ensure complete

confermance with the initial Fermi-2 design requirements was

determined.

Figure 7.5-1 shows horizontal and vertical envelope

response spectra for the reactor auxiliary building

(excluding the crane rail location) obtained from Fermi-2

FSAR design requirements assuming 1% internal equipment

damping. Overlaid on these curves are similar

reactor auxiliary building envelope spectra for the site-

specific SSE ground motion input assuming 2% equipment damp-

ing. The assumption of 2% internal equipment damping is

more realistic for the current seismic evaluation.

Also overlaid on Figure 7.5-1 are curves representing the

influence of ductility on the internal equipment spectra

envelope generated from the site-specific SSE input. Com-

() paring the FSAR DBE spectrum with the site-specific spectra

in this figure shows results similar to those observed ror

7-6
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_ the structures. A ductility of no more than 2 in the

(_ critical frequency regions is sufficient to ensure that the

design and qualification of the most heavily loaded equip-

ment remains satisfactory under the postulated site-

specific SSE with 7% damping.

Acceptable ductility limits for common structural and

mechanical materials are exceptionally high. Even very

brittle structures exhibit ductility prior to failure; it

is virtually impossible to envision even the most brittle

element exhibiting failure below a ductility ratio of 1.3.

Moderately brittle material such as unreinforced concrete

exhibits ductility ratios on the order of 2 to 3 prior to

failure and ductile items such as reinforced concrete struc-

tures, steel structures, piping, metal equipment, and

brittle items mounted in a ductile fashion, experience

ductility factors ranging from 10 to 20 prior to observable

distress.

For example, the hardened missile facilities so vital to our

national defense are designed of reinforced concrete and are

filled with highly sophisticated mechanical and electrical

equipment. These structures are customarily designed to a

ductility ratio of 10 inside and out and have been subjected

to numerous shock survivability tests to validate the

acceptability of such design assumptions. Similar vibratory

testing has been accomplished on multi-story office build-

ings in reinrorced concrete and steel. Results of testing

on the reinforced concrete buildings indicates that it is
'

difficult to observe any structural distress whatsoever

oelow a ductility ratio of 7.

7.6 Generic Facility Evaluation

7.6.1 Reactor Auxiliary Building

A
kl The Fermi reactor auxiliary building design is considered

adequate to withstand the newly postulated site-specific

7-7

_ _ _ _ . _ __ __ _



-

!

|
i

earthquake input with minimum inelastic deformation. It is

() concluded that the maximum ductility factor associated with

potential inelastic deformation is g= 1.5 and permanent

structural deformation associated with this inelastic

response would be on the order of 0.100 inches.

It is our judgement that no plastic deformation will occur

in the reactor auxiliary building complex during the postu-

lated site-specific SSE because of margins in the design of

structures of this type.

7.6.2 RHR Complex

Like the reactor auxiliary building, the RHR complex struc-

ture is considered acceptable ss it exists. The maximum
ductility factor associated with potential inelastic defor-

mation is g= 1.5 and maximum permanent structural defor-

mation associated with this inelastic response would be

predicted to be on the order of 0.02 inch.

7.6.3 Internal Equipment

The internal equipment mounted in the Fermi-2 reactor

auxiliary building should also be capable of withstanding

the SSE loads from the site-specific spectra input without

degradation of its functional capability. Similar conclu-

sions may be inferred with respect to in-line items or

devices mounted on internal equipment.

The envelope spectra of operation indicate that plastic

yielding of items qualified to the existing Fermi-2 design

basis could be possible only in limited frequency ranges. A

ductility of no more than 2 would be sufficient to ensure

that the initial design requirements are satisfactory in the

l critical frequency regions.

() Figure 7.6-1 presents a plot of maximum permanent equipment

deformation as a function of primary system frequency to

! 7-8
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achieve necessary response ductility. From this figure, it

(]) may be seen that all permanent deformations are no greater

than than 0.11 inches. Margins in the design of internal 1

mechanical equipment and devices should preclude the neces-

sity for mobilization of this ductility and should ensure

that all existing equipment items remain fully elastic.

7.7 Specific Internal Equipment Overview

The preceding equipment evaluation was based upon generic

consideration of the reactor auxiliary building envelope

spectra. The reactor auxiliary building complex was also

examined on a location-by-location basis to ensure that the

generic envelope equipment spectra evaluation is adequately

conservative in all structural zones. The results of this

building zone comparison are shown in Table 7.7-1.

This evaluation reveals certain building locations where

equipment loading would be more severe than indicated by the

envelope spectra evaluation. The containment structure ap-

pears to respond more severely cnd the reactor pressure

vessel seems to respond less severely than indicted in the

previous reactor building analysis. Additionally, there is

a zone at the 20 cps region where higher spectral *' cele-

rations are observed due to an apparent seconidary horizontal

| containmer.'c load excitation not previously observed. The

zone-by-zone evaluation does, however, support the general

observations made from the generic spectra.

All internal equipment identified as critical for this sup-

plementary seismic evaluation has been analyzed for its
I building location and potential response characteristics

with acceptable results.

7.8 Conclusions

() The results of the independent investigation described above

lead to the conclusion that the Fermi-2 RHR structure,

7-9
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reactor auxiliary building structure and internal equipment

() housed therein, are capable of withstanding the newly postu-

lated site-specific SSE ground motion input without degrada-
tion of the functional characteristics of either the struc-
tures or associated critical internal equipment.

7.9 Reference

7-1 Letter, from D. M. Hopper, Hopper and Associates

Engineers, to Dr. Yogindra Anand, Detroit Edison cam-

pany, " Plant Structure and Component Seismic

Reassessment", May 7, 1981, revised May 25, 1981 with

attached report.

'()
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O O O
IIOPPER AND ASSOCIATES

E t4GINEERS

TABLE 7.7 - 1 Page 1 of 2

HORIZONTAL REACTOR AUXILIARY BUILDING ZONE COMPARISON

BUILDING LOCATION MAX. AMPLIFICATION REMARKS

1st Floor 1.40 Previous spectral valley eliminated at critical location. Slight lowering of
El. 583'-6" 0 9 cps building primary frequency in EW direction not considered significant. Equipment

plastic deformation needs insignificant.

2nd Floor 1.40 Excellent correlation with previous analysis. Maximum amplification in high
El. 613'-6" 05 Ocps frequency zone of EW directional response.

3rd Floor 1.4 Same comment as above.
El. 641'-6" 9 10 cps

4th Floor 1.45 Same comment as above.
El. 659'-0" @ 10 cps

a 5th Floor 1.45 Higher accelerations in the NS direction above 7 cps.
,' El. 684'-6" 0 50 cps
r ,

Drywall 1.65 Same phenonena previously described with the critical problem at the high
18' below invert 0 20 cps frequency end of the spectrum.

Drywall 2.80 Higher accelerations in the ile EW direction above 7 cps. Critical amplification
6' below invert 0 20 cps at 20 cps.

Pedestal 1.60 Same comment as above. Slight frequency shif t apparent.
18' below invert 0 20 cps

Pedestal 2.0 All regions acceptable except the zone above the 7 cps frequency bound.
Top 9 25 cps

RPV .5 Large reduction in all Spectral Accelerations.
14' above invert

RPV 1.4 All spectral accelerations are lower with the exception of a high frequency
54' above invert 0 E9 cps amplification in the EW direction only at the 20 cps region.

Sacrificial Shield 1.35 All spectral accelerations are lower with the exception of some high frequency
all elevations 0 25 cps amplification in the EW direction above 15 cps.
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O O OHol'I' Elf ann ASSOCIATES
ENGlHEERS

TABLE 7.7-1 Page 2 of 2

VERTICAL REACTOR AUXILIARY BUILDING ZONE COMPARISON

BUILDING LOCATION MAX. AMPLIFICATION REMARKS,

Reactor Containment 2.0 Complete envelope of initial analysis by reassessment work. High predominant'

Shield 0 50 cps frequency response initiates amplification in range normally above consideration.,

! Building Walls 2.0 Reassessment results indicate amplification in only the high and low frequency
' 0 50 cps regions.

,

Building Slabs 2.0 Reassessment results indicate major amplification in the lcw frequency ~qion
0 1 cps with some additional amplification above 20 cps.
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INFLUENCE OF DUCTILITY ON DESIGN RESPONSE SPECTRA

Acceleration response spectra may be modified to account for the influence of ductility
by use of simple rules developed from detailed inelastic analysis of dynamic system
subjected to earthquake, random, and shock pulse acceleration excitations.

The influence of ductility on spectral acmeleration is described as a function of the
frequency zones on a given response spectrum and is partioned into four different
regions.

Region 1 - Is the low frequency range in which spectral deformations are equivalent
in the elastic and inelastic systems. Therefore spectral accelerations
must be 1//4 times the elastic accelerations for the inelastic system.
This range extends up to the frequency approximately 1/3 the distance
between the frequency at which the spectrum drops sharply to the right
and the frequency where displacement is no longer constant.

Region 2 - Is the intermediate frequency range where observations reveal that elastic
and inelastic energies are preserved.
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8 e
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:

So spectral accelerations must be reduced from the elastic to the inelastic
situation by the factor:,

!

j h, 1

| Rc 2g- 1
' This range extends up to the point where acceleration drops from a plateau

to transition with the zero period acceleration.

Region 3 - Is a " smoothed in" transition zone between region 2 and region 4.

i Region 4 - Is the high frequency range in which spectral accelerations are equivalent
in the elastic and inelastic systems.
This range begins at the location where the spectrum becomes constant

; at a zero period acceleration.
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([} 8.0 CONCLUSIONS!

Detroit Edison is convinced that the seismic design basis

of Fermi 2 remains adequate and believes that the results

of the supplementary seismic evaluation requested by the
NRR Staff and reported here confirm this conclusion. The

results of the supplementary seismic evaluation confirm|

that safe shutdown of Fermi 2 would be achieved under the
site-specific seismic conditions suggested by the NRR Staff.

|
! The outstanding items identified in Section 5.4 are not

i considered major deficiencies and will be resolved within

the next 90 days.
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