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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 functior following the postulated site-specific
safe shutdown earchquake.
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1.0 INTRODUCTION

1.1 Program Description

The supplemeritaly seismic evaluation program was implemented
by Detroit Edison in response to the NRC staff's request

for informationrn. 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

S. identification, analysis, and assessment of piping
¢ .d supports in systems required for safe shutdown

6. assessment of the seismic evaluation program

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



results of the supplementary seismic evaluation reguested

by the NRC staff and reported in the evaluation confirm

the adequacy of the ™ r -2 seismic design even for an earth-
quake substantially nh.gner than the design basic earthquake
(DBE). The results of the evaluation confirm that safe
shutdown of the Fermi-2 plant can be achieved under the
sit=-specific seismic conditions stipulated by the NRC staff.
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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
gimilar to that which occurred in Anna, 2hio in
March 1937, and has a body wave magnitude of
5.0-5.3 (mbLg), and Modified Mercalli Intensity
(MMI) of VII-VIII. We have observed that the
recent July 27, 1980 Kentucky earthquake also had
a magnitude of about (mbLg) 5.2-5.3 and occurred
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

Al.l-1



March 1937 is the largest historic earthquake (in
terms of intensity) in the Central Stable Region.
This earthquake had a MMI-VII-VIII and should be
zssumed 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 st 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 mbLg = 5.3 + .5 (this
corresponds to a ML of about 4.9 to 5.9 using
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 _f the response
spectra as derived directly from the real time
histories.

Al.1-2



We are available to meet with you as soon as
possible to discuss the above approach in order
that the best available data and method c¢f
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 shutdow:. following the new, higher earthquake.

2. Loss-of-coolant accident (LOCA) loads ana 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 shLuld be used as an index in
assessing marginc.

5. 10-20% ductility may be used where appropriate and
justified. Higher damping values may be used if justi-
fied by commensurate stresses. However, damping should
not exceed that allowed by Regulatory Guide 1.61.

Al.l-3



10.

Structures, systems, and components required for shut-
down and cooldown must be assessed.

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.

Racks and panels may have additional margins due to uce
of conservative spectra and damping. Some may be

assessed by inspection and judgment.

Buried pipe and duct must be reevaluated in light of a
soil spectra application and ground motion effect.

Probabilistic approaches may be used in areas of
extreme hardship.

Al.l-4



2.0 DEVELOPMENT OF SITE-SPECIFIC GROUND RESPONSE SPECTRA

The seisnlic spectra used as the design basis of the Fermi-2
plant are presentad 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 design 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 (C.19 g), or

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, svstems,
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.



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
by Lawrence Live more Laboratary and presented in their

draft report entitled, "Seismic Hazard Analysis Site Specific
Response Spectra Results," dated August 23, 1V 7%, 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 8th percentile of these

spectra (the percentile specified by the staff) were similar

to each other and to the Regulatory Guide l1.60-shapcd spectrum
in the higher frequency range (frequencies higher than approximately
4.5 Hz). As shown in Figure 2.1-1, a Fermi-2 site-specific
response spactrum was conservatirely assumed to have “he

shape of the Regulatory Guide 1.50 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.

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 Permi-2 site-specific spectra shown in Figure 2.1-2

is the same as that of the Fermi-2 SSE shown in FSAR Figure
3.7-3.



Syl Vertical Spectrum

Section 3.7.1 of the Fermi-2 FSAR describes the original
vertical seismic design basis of the plant. vertical floor-
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 compar~d with a 5% damped spectrum based on

the average of the four vertical time histories used previously.
The Regulacory Guide 1.60 spectrum and the average time
history spectrum are shown in Figure 2.1-3. Compariscn

of these spectra shows that the former exceeds the latter

by approximately 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
cf 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
véertical time histories, be multiplied by a factor of 2.0
to bound the Regulatory 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.




2:3.3 Damping

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 Freguency of the Operating Basis Earthquake

The Fermi-2 Operati..g Basis Earthquake (OBE) is characterized
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 histc ~ical levels of seismic
lcading 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 cbserved
that peak ground motion parameters can be larger on firm
foundation materials than on softer materials for the same
seismic intensity. To accornt for thes2 observations, attenua-
tion models are developed using the following assumptions
first, seismic intensity attenuvation on rock is characterized
by a median vaiue; second, the ground motion for that intensity
is characterized as the median to median +1 standard deviation
values.



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 mb-magnitude.

I(R) = 2.53 + 1.20 m, = 0.0027R - 1.84 Log R (1)
Ground motion paramters are determined from the site intensity
by using the corrclations 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 I, (2)

9 Log Ay 0.32

Log Vg = -1.210 + 0.289 I, (3)

9 Log Vs = 0.36

Equations (4) and (5) are correlations of peak acceleration
and velocity to intensity observed on firm foundation materials
(Referance 2-3).

Log A, = -0.361 + 0.370 I, (4)
9 Log Ap = 0.33

Log Vp = -1.75 + 0.413 Ium (5)

% Log Yg ® 0.33

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.



e 0 T 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 (Io) were converted to m, magnitudes
using Equation (6).

m, = 0.5 Ry * 1.7% (6)

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

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

2-6



ground rotion 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).

ooty o e 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.
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