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January 11, 2010
NRC3-10-0002

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington DC 20555-0001

References: 1) Fermi 3 Docket No. 52-033
2) Letter from Ilka Berrios (USNRC) to Jack M. Davis (Detroit Edison),

"Request for Additional Information Letter No. 16, Related to the SRP
Sections 2.5.1; 2.5.2, 2.5.3, 2.5.4, and 2.5.5 for the Fermi 3 Combined License
Application", dated November 13, 2009

3) "Detroit Edison Company Response to NRC Requests for Additional
Information Related to SRP Sections 2.5.1, 2.5.2, 2.5.3, 2.5.4, and 2.5.5 for the
Fermi 3 Combined License Application", dated December 23, 2009.

Subject: Detroit Edison Company Response to NRC Request for Additional Information
Letter No. 16, Part II

In the reference No. 2, the NRC requested additional information to support the review of certain
portions of the Fermi 3 Combined License Application (COLA). Detroit Edison has divided its
response to Letter 16 into three parts: Part I, which comprises RAIs whose response was due
within 45 days of the date of this letter; Part II which comprises RAIs whose response is due
within 60 days of the date of this letter; and Part III which comprises RAIs whose response is
due within 90 days of the date of this letter. Reference No. 3 submitted the responses to the Part
I RAls.

This letter provides the DTE response to Part II RAIs, with the exception of RAIs 02.05.04-19,
02.05-04-20,02-05.04-27, and 02.05.05-1 which pertain to backfill related issues that are
currently being resolved between GE Hitachi and the NRC staff. The DET response to these
RAIs will be submitted with the Part III RAI responses on February 11, 2010.

A DTE Energy Company
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If you have any questions, or need additional information, please contact me at (313)235-3341.

I state under penalty of perjury that the foregoing is true and correct. Executed on the 1Ith day of
January, 2010.

Sincerely,

Peter W. Smith, Director,
Nuclear Development-Licensing
and Engineering
Detroit Edison Company

Attachments: 1) Response to RAI Letter No. 16 (Question No. 02.05.01-2)
2) Response to RAI Letter No. 16 (Question No. 02.05.01-15)
3) Response to RAI Letter No. 16 (Question No. 02.05.01-20)
4) Response to RAI Letter No. 16 (Question No. 02.05.01-22)
5) Response to RAI Letter No. 16 (Question No. 02.05.01-23)
6) Response to RAI Letter No. 16 (Question No. 02.05.01-26)
7) Response to RAI Letter No. 16 (Question No. 02.05.02-5)

-8) Response to RAI Letter No. 16 (Question No. 02.05.02-6)
9) Response to RAI Letter No. 16 (Question No. 02.05.03-2)
10) Response to RAT Letter No. 16 (Question No. 02.05.04-1)
I1) Response to RAI Letter No. 16 (Question No. 02.05.04-4)
12) Response to RAI Letter No. 16 (Question No. 02.05.04-7)
13) Response to RAT Letter No. 16 (Question No. 02.05.04-9)
14) Response to RAI Letter No. 16 (Question No. 02.05.04-14)
15) Response to RAI Letter No. 16 (Question No. 02.05.04-15)
16) Response to RAI Letter No. 16 (Question No. 02.05.04-16)
17) Response to RAI Letter No. 16 (Question No. 02.05.04-17)
18) Response to RAI Letter No. 16 (Question No. 02.05.04-18)
19) Response to RAI Letter No. 16 (Question No. 02.05.04-21)
20) Response to RAT Letter No. 16 (Question No. 02.05.04-22)
21) Response to RAI Letter No. 16 (Question No. 02.05.04-24)
22) Response to RAI Letter No. 16 (Question No. 02.05.04-25)
23) Response to RAI Letter No. 16 (Question No. 02.05.04-26)
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cc: Jerry Hale, NRC Fermi 3 Project Manager (w/o attachments)
Ilka T. Berrios, NRC Fermi 3 Environmental Project Manager (w/o attachments)
Fermi 2 Resident Inspector (w/o attachments)
NRC Region III Regional Administrator (w/o attachments)
NRC Region II Regional Administrator (w/o attachments)
Supervisor, Electric Operators, Michigan Public Service Commission
(w/o attachments)
Michigan Department of Environmental Quality

Radiological Protection and Medical Waste Section (w/o attachments)
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Attachment 1
NRC3-10-0002

Response to RAI Letter No. 16
(eRAI Tracking No. 3913)

RAI Question No. 02.05.01-1
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RAI 02.05.01-02

"FSAR Section 2.5.1.1.4.1 discusses the contemporary stress environment in the Fermi
site region and cites FSAR Figure 2.5.1-219. FSAR Figure 2.5.1-219 contains symbols of
differing sizes. Please modify the figure to provide an explanation of the differing symbol
sizes. "

Response

The World Stress Map (Figure 1; Reference 2.5.1-290) displays the orientations of the
maximum horizontal compressive stress, SH. The length of the stress symbols represents
the data quality, with A being the best quality. Quality A data are assumed to record the
orientation of SH to within 10 to 15 degrees, quality B data to within 15 to 20 degrees,
and quality C data to within 25 degrees. Quality D data are considered to give
questionable tectonic stress orientations (Reference 2.5.1-290). A proposed revision to
Figure 2.5.1-219 will show the most recent version of the World Stress Map released in
2008 and give an explanation of the differing symbol sizes.

Figure 1. World Stress Map
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Proposed COLA Revision

Proposed markups to revise FSAR Section 2.5.1.1.4. 1, FSAR Reference 2.5.1-290, and
FSAR Figure 2.5.1-219 are attached.
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Markup of Detroit Edison COLA
(following 5 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response
in a future submittal of the Fermi 3 COLA. However, the same COLA content may be
impacted by revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA
changes, plant design changes, editorial or typographical corrections, etc. As a result, the
final COLA content that appears in a future submittal may be different than presented
here.
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Part 2: Final Safety Analysis Report

for Fermi 3. The following sections describe the region in terms of (1) the

contemporary tectonic stress environment (Subsection 2.5.1.1.4.1); (2)

regional geophysical data sets that have been used to evaluate

basement geology and structures (Subsection 2.5.1.1.4.2); (3) primary

structural provinces and tectonic features within the 320-km (200-mi)
radius of the site (Subsection 2.5.1.1.4.3); and (4) significant seismic

sources at distances greater than 320 km (200 mi) (Subsection
2.5.1.1.4.4). Historical seismicity is shown on Figure 2.5.1-207 described

in Subsection 2.5.1.1.4 and discussed in more detail in Subsection

2.5.2.1.

2.5.1.1.4.1 Contemporary Tectonic Stress Environment

Fermi 3 lies within a compressive midplate stress province, characterized

by a relatively uniform east-northeast compressive stress field that

extends from the midcontinent east toward the Atlantic continental

margin and possibly into the western Atlantic basin

(Reference 2.5.1-287). Zoback and Zoback (Reference 2.5.1.-287) note

that although localized stresses may be important in places, the overall

uniformity in the midplate stress pattern suggests a far-field source, and
the range in orientations coincides with both absolute plate motion and

ridge push directions for North America. Modeling of various tectonic

processes using an elastic finite-element analysis has indicated that

distributed ridge forces are capable of accounting for the dominant

east-northeast trend of maximum compression throughout much of the
North American p-I-e east of the Rocky Mountains

(Reference 2.5.1-288).Pa

Based on analysis of well-constrained focal mechanisms of North

American midplate earthquakes, Zoback (Reference 2.5.1-289)

concludes that earthquakes in the CEUS occur primarily on strike-slip

faults that dip between 43 and 80 degrees, primarily in the range of 60 to

75 degrees and primarily in response to a strike-slip stress regime. This

is indicated by a more recent compilation of worldwide stress information

that shows east-northeast-oriented maximum horizontal compression

and strike-slip events within the study region (Reference 2.5.1-290)

(Figure 2.5.1-219).

2.5.1.1.4.1.1 Glacial Isostatic Adjustments

Post-glacial rebound or glacial isostatic adjustment (GIA) is the response

of the solid earth to changing surface loads brought on by the waxing and

2-648 Revision 1
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The World Stress Map displays the orientations of the maximum horizontal compressive
stress SH. The length of the stress symbols represents the data quality, with A being the
best quality. Quality A data are assumed to record the orientation of SH to within 10 to 15
degrees, quality B data to within 15 to 20 degrees, and quality C data to within 25
degrees. Quality D data are considered to give questionable tectonic stress orientations
(Reference 2.5.1-290).
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The World Stress Map displays the orientations of the maximum horizontal compressive 
stress SH. The length of the stress symbols represents the data quality, with A being the 
best quality. Quality A data are assumed to record the orientation of SH to within 10 to 15 
degrees, quality B data to within 15 to 20 degrees, and quality C data to within 25 
degrees. Quality D data are considered to give questionable tectonic stress orientations 
(Reference 2.5.1-290). 
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Figure 2.5.1-219 World Stress Map Showing Maximum Horizontal Stress Trajectory in the Fermi 3 Site Region [EF3
COL 2.0-26-A] I

Source: Reference 2.5.1-290
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Response to RAI Letter No. 16
(eRAI Tracking No. 3913)

RAI Question No. 02.05.01-15
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RAI 02.05.01-15

FSAR Section 2.5.1.1.4.4.1 discusses the New Madrid seismic zone as a significant
seismic source at a distance greater than 320 km (200 mi) from the Fermi site.

a) The FSAR briefly presents Forte and others (Reference 2.5.1-357) as providing
an explanation for earthquakes in the New Madrid seismic zone. The mechanism
proposed by Forte and others explaining New Madrid seismicity is the only
explanation presented in FSAR Section 2.5.1. While the explanation of Forte and
others is the newest mechanism, it is not the only one. For example, Kenner and
Segall (2000, Science, v. 289, p. 2,329-2, 332) present another mechanism to
explain the New Madrid seismicity. Other possible mechanisms have been
published as well. Please discuss a range ofpublished mechanisms and discuss if
there is a consensus for their applicability to the New Madrid seismic zone.

b) FSAR Section 2.5.1.1.4.4.1 makes a reference to the Reelfoot rift and the
Cottonwood Grove fault, which are not shown in FSAR Figure 2.5.1-207. FSAR
Figure 2.5.1-207, sheet 3 of 3, inset C is the cited figure for the discussion of the
New Madrid seismic zone. Also, the 2008 M5.2 Mt. Carmel earthquake is cited in
the following subsection on the Wabash seismic zone but not shown in inset D on
this same page. Please add these three features to this figure or adjust the text
appropriately.

Response

a) The FSAR briefly presents Forte and others (Reference 2.5.1-357) as providing an
explanation for earthquakes in the New Madrid seismic zone. The mechanism
proposed by Forte and others explaining New Madrid seismicity is the only
explanation presented in FSAR Section 2.5.1. While the explanation of Forte and
others is the newest mechanism, it is not the only one. For example, Kenner and
Segall (2000, Science, v. 289, p.. 2,329-2,332) present another mechanism to explain
the New Madrid seismicity. Other possible mechanisms have been published as well.
Please discuss a range of published mechanisms and discuss if there is a consensus
for their applicability to the New Madrid seismic zone.'

Recent workshops attended by members of theFermi 3 Project team have provided
excellent forums in which the larger technical community has discussed the range of
alternative views and uncertainties regarding the characterization of seismic hazards
in the Central and Eastern United States. These include:

*, EPRI-DOE-NRC Sponsored Project-Alternative Interpretations Central
and EasternUnited States (CEUS) Seismic Source Characterization
Project, February 18-20, 2009, Palo Alto, California (Reference 1).
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* USGS-NRC-Sponsored Workshop--Sizes of the Largest Possible
Earthquakes, Central and Eastern United States, September 8-9, 2008,
Golden, Colorado (Reference 2).

" USGS-Sponsored Meeting of Central and Eastern U.S. (CEUS) Seismic
Hazards Program, October 28-29, 2009, Memphis, Tennessee. (Reference
3).

Past and ongoing research related to the causes of intraplate seismicity, much of which
focuses on the New Madrid seismic zone (NMSZ), has been discussed during the
workshops. This was especially the case for the CEUS Seismic Source Characterization
Project in which the Technical Integration (TI) team (of which members of the Fermi 3
project team are members) specifically invited various proponents of different hypotheses
or models concerning New Madrid to make presentations.

A number of models have been proposed to explain the origin of stresses driving active
deformation in the CEUS. Several of the models provide explanations for localization of
seismicity and recurrence of large-magnitude events in the NMSZ (Table 1). Some of the
explanations are as follows:

* The presence of a rift pillow (body of igneous rock in the crust composed
of injected high-density mantle material) underlying the Reelfoot rift
(Reference 2.5.1-456) causes local stress concentration (Reference 2.5.1-
457).

* A weak subhorizontal detachment fault exists in the lower crust above the
rift pillow that causes local stress concentration (Reference 2.5.1-458).

* High local heat flow creates high ductile strain rates in the upper mantle
and lower crust, causing seismicity in the upper crust (Reference
2.5.1-459; Reference 2.5.1-476).

* Glacial unloading north of the NMSZ at the close of the Wisconsinan
increased seismic strain rates in the NMSZ and initiated the Holocene
seismicity (Reference 2.5.1-460).

* Some local or regional perturbation of the stress field, pore pressure, or
thermal state is responsible for triggering viscous relaxation of a weak
lower-crustal zone within an elastic lithosphere. This may cause a
sequence of fault ruptures with short recurrence intervals. A strong
candidate for this perturbation is recession of the Laurentian ice sheet,
about (ca) 14 thousand years ago (ka) (Reference 2.5.1-461).

* Low-permeability seals form around the fault zone as stress accumulates,
raising the pore pressure until an earthquake occurs. Temporal clustering
may reflect the evolution of pore fluid pressure in a fault zone. (Reference
2.5.1-462).

* Accelerated Late Wisconsinan and Holocene denudation above the NMSZ
due to the confluence of the Mississippi and Ohio rivers stepping north to
Thebes Gap, perhaps in combination with the retreating Laurentide
forebulge, may have been sufficient to initiate Holocene seismicity by
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causing a perturbation in the local stress field (Reference 2.5.1-461;
Reference 2.5.1-463).

" Deep-mantle flow combined with the seismic anisotrophy beneath
continents invoke mechanical coupling and subsequent shear between the
lithosphere and asthenosphere. Two orthogonal sets of shear zones and
faults observed on a continental scale mimic orthogonal teleseismic
images. Stress caused by the traction leads to repeated reactivation of
structures (Reference 2.5.1-477)

* Descent of the ancient Farallon slab into the deep mantle beneath central
North America as inferred from high-resolution seismic tomography
induces highly localized flow and stresses directly below the NMSZ. This
localization arises because of structural variability in the Farallon slab and
the low viscosity of the sub-lithospheric upper mantle. It is hypothesized
that the mantle-flow-induced surface depression and associated local
focusing of bending stresses in the upper crust may operate analogous to
previous crustal loading scenarios, with the difference being that the slab-
related loads reside in the mantle. (Reference 2.5.1-357)

" Fault weakening can lead to repeated earthquakes on intraplate faults
(Reference 2.5.1-464). The predicted patterns vary with the weakening
history. Stress triggering and migration associated with assumed tectonic
loading cause spatiotemporal clustering of earthquakes. Clusters of large
intraplate earthquakes can result from cycles of fault weakening and
healing, and the clusters can be separated by long periods of quiescence.
(Reference 2.5.1-465; Reference 2.5.1-478) r

* Strain in the NMSZ over the past several years has accumulated too
slowly to account for seismicity over the past approximately 5,000 years,
thereby excluding steady-state fault behavior. Fault loading, strength, or
both may vary with time in the plate interior. Time variations in stress
could be due to local loading and unloading from ice sheets or sediments
or to earthquakes on other faults. (Reference 2.5.1-466; Reference
2.5.1-479; Reference 2.5.1-480)

* The NMSZ is associated with a local NE-SW-trending, low-velocity
anomaly in the lower crust andupper mantle, instead of high-velocity
intrusive bodies as proposed in previous studies. The low-velocity
anomaly is on the edge of a high-velocity lithospheric block, consistent
with the notion of stress concentration near rheological boundaries. This
lithospheric weak zone may shift stress to the upper crust when loaded,
thus leading to repeated shallow earthquakes. (Reference 2.5.1-467)

* Integrated lithospheric strength, as indicated by S-wave velocity
anomalies at depths of 175 km correlates with crustal seismicity. None of
the 14 intraplate events with moment magnitudes greater than seven (7)
(including the NMSZ events) occur above mantle lithosphere with 8Vs
greater than 3.5 percent (cratonic lithospheres) (Reference 2.5.1-481).

* Stress changes are caused by the Quaternary denudation/sedimentation
history of the Mississippi valley. Flexural stresses are sufficient to trigger
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earthquakes in a continental crust at failure equilibrium (close to failure).
The resulting viscoelastic relaxation leads to failure again on the main
fault (lower strength threshold) and on neighboring faults. In the absence
of significant far-field loading, this process can only maintain seismic
activity for a few thousand years. (Reference 2.5.1-468)

While most researchers acknowledge that the behavior of earthquake sources in stable
continental regions differs from the behavior of faults in more active plate boundary
settings, there still remains considerable uncertainty regarding the causative mechanisms
and long-term behavior of fault sources in regions such as the CEUS. No single
hypothesis has been widely accepted to account for the occurrence of intraplate
earthquakes. Migration of seismicity within a region over time, temporal clustering, and
transient stress perturbations are all hypotheses being considered by the technical
community in evaluating the NMSZ (Table 1) To date, there is no consensus view on the
causes or expected future behavior of faults within the NMSZ.

b) FSAR Section 2.5.1.1.4.4.1 makes a reference to the Reelfoot rift and the Cottonwood
Grove fault, which are not shown in FSAR Figure 2.5.1-207. FSAR Figure 2.5.1-
207, sheet 3 of 3, inset C is the cited figure for the discussion of the New Madrid
seismic zone. Also, the 2008 M5.2 Mt. Carmel earthquake is cited in the following
subsection on the Wabash seismic zone but not shown in inset D on this same page.
Please add these three features to this figure or adjust the text appropriately.

A proposed revision to FSAR Figure 2.5.1-207 (Sheet 3 of 3, Inset C) incorporates
the approximate limits of the Reelfoot rift and the Cottonwood Grove fault based on
Hildenbrand and Hendricks (Reference 2.5.1-469) and Van Arsdale (Reference
2.5.1-352), respectively. A proposed revision to the inset map for the Wabash Valley
zone (Inset D) includes the location and focal mechanism for the 2008 M 5.2 Mt.
Carmel earthquake (Reference 2.5.1-470) and shows the full extent of the Wabash
Valley fault zone structures (Reference 2.5.1-47 1).
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Table 1
Published Postulated Mechanisms and Causes of Intraplate Seismicity Relevant to the New Madrid Seismic Zone

Citation Title Summary

Mooney et al.
(1983)

(Reference
2.5.1-456)

Grana and
Richardson
(1996)

(Reference
2.5.1-457)

Crustal Structure of the
Northern Mississippi
Embayment and a Comparison
with Other Continental Rift
Zones

Tectonic Stress Within the New
Madrid Seismic Zone

Information on the deep structure of the northern Mississippi Embayment,
gained through an extensive seismic refraction survey, supports a rifting
hypothesis. The confirmation and delineation of a 7.3 km/s layer, identified in
previous studies, implies that the lower crust has been altered by injection of
mantle material. The results'indicate that this layer reaches a maximum
thickness in the north-central embayment and thins gradually to the southeast
and northwest, and more rapidly to the southwest along the axis of the graben.
The apparent doming of the 7.3 km/s layer in the north-central embayment
suggests that rifting may be the result of a triple junction located in the
Reelfoot Basin area.

Refraction data indicate a significant high-density rift pillow beneath the
NMSZ. Linear and nonlinear viscoelastic finite-element modeling was
conducted to determine whether support of the rift pillow may contribute
significantly to the total present-day stress field. Results indicate that the
nonlinear viscoelastic model with rheological stratification based on
composition and temperature agrees well with the observed deformation within
the seismic zone, and with estimates of regional stress magnitudes. The model
predicts a maximum compression of 30 to 40 megapascals above the rift pillow
in the center of the rift axis. If the magnitude of local compression predicted by
the nonlinear model produces the inferred clockwise rotation on the order of 10
to 30 degrees in the direction of SHmax (maximum horizontal compression)
near the rift axis, the magnitude of regional compression is a factor of 1 to 2
times the magnitude of local compression and is consistent with an origin due
to ridge push forces. The addition of the local stress associated with the rift
pillow, however, results in an approximately 30 percent reduction in the
resolved maximum horizontal shear stress. Thus, while the stress associated
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Citation Title Summary

Stuart et al.
(1997)

(Reference
2.5.1-458)

Liu and Zoback
(1997)

(Reference
2.5.1-459)

Stressing of the New Madrid
Seismic Zone by a Lower Crust
Detachment Fault

Lithospheric Strength and
Intraplate Seismicity in the
New Madrid Seismic Zone

with the rift pillow can rotate the stress field into an orientation favorable for
failure, reduction in the resolved shear stress requires a separate mechanism for
strength reduction. Results of the modeling indicate that stresses from the load
of the rift pillow may still be present in the upper crust even after 100 million
years and may still play a role in present-day deformation and seismicity of the
NMSZ. Local stress fields of significant tectonic magnitudes may also occur
around other ancient rift pillows and help explain the observed correlation
between intraplate seismicity and failed rift zones.

This paper suggests that the cause of stress concentration onto the NMSZ is
slip on a weak sub-horizontal detachment fault or equivalent shear zone in the
lower crust where high temperatures reduce rock strength. The proposed
detachment fault is placed at or just above the top surface of a layer of lower
crust with anomalous high density and seismic velocity called the "rift pillow"
or "rift cushion." Regional horizontal compression induces slip on the fault, and
the slip creates a stress concentration in the upper crust above the rift pillow
dome. The model implies that rift pillow geometry is a significant influence on
the maximum possible earthquake magnitude.

A simple hypothesis is proposed to explain the occurrence of localized zones of
tectonic deformation and seismicity within intraplate regions subjected to
relatively uniform far-field tectonic stresses. The contrast in integrated
lithospheric strength between the NMSZ and the surrounding continental
region appears to be the principal reason why the New Madrid area is the most
active intraplate seismic area in eastern North America. The lower lithosphere's
strength in the NMSZ appears to be controlled by a slightly thickened crust and
slightly higher heat-flow values compared to surrounding regions. This
conclusion is supported by a contrast in seismic wave velocity structure, the
silica geothermometry, and the rate of Cenozoic subsidence and recurrence of
Late Mesozoic and possible Cenozoic magmatic activity. Because of localized
deformation in the lower crust of the NMSZ, repeated earthquakes occur with
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Citation Title Summary
recurrence times that are relatively short for intraplate areas.

Newman et al.
(1999)

(Reference
2.5.1-479)

Slow Deformation and Lower
Seismic Hazard at the NMSZ

Recent geodetic measurements indicate that the rate of strain accumulation is
less than the current detection threshold. Global positioning system (GPS) data
show no significant differences in velocities on either side of the southern arm
of the NMSZ. Near-field and intermediate-field (primarily hard-rock sites)
yield measurements of 0.6 ± 3.2 and -0.9 ± 2.2 mm/year, respectively. They
are consistent with both 0 and 2 mm/year at 2-sigma.

GPS data for the upper Mississippi embayment show that the interior of the
Reelfoot rift is moving northeast relative to the North American Plate.
Modeling stable North America as a single rigid plate fits the site velocities,
with a mean residual of 1.0 mm/year.
The authors conclude that the present GPS data imply that 1811-1812-sized
earthquakes are either much smaller or far less frequent than previously
assumed (i.e., smaller than M 8 [5 to 10 m slip/event]), or longer than a
recurrence interval of 400 to 600 years). (A bold M is defined as a moment
magnitude.)

Postulates a time-dependent model for the generation of repeated intraplate
earthquakes in which seismic activity is driven by localized transfer of stress
from a relaxing lower crustal weak body. Given transient perturbation to the
stress field, the seismicity is also transient, but can have a significantly longer
duration. This model suggests that interseismic strain rates computed between
damaging slip events would not be geodetically detectable.

Modeling of the removal of the Laurentide ice sheet ca. 20 ka changed the
stress field in the vicinity of New Madrid and caused seismic strain to increase
by about three orders of magnitude. The high rate of seismic energy release
observed during late Holocene is likely to remain essentially unchanged for the

Kenner and
Segall (2000)

(Reference
2.5.1-461)

Grollimund and
Zoback (2001)

(Reference
2.5.1-460)

A Mechanical Model for
Intraplate Earthquakes:
Application to the NMSZ

Did Deglaciation Trigger
Intraplate Seismicity in the
NMSZ?
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Slow Deformation and Lower 
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Summary 
recurrence times that are relatively short for intraplate areas. 

Recent geodetic measurements indicate that the rate of strain accumulation is 
less than the current detection threshold. Global positioning system (GPS) data 
show no significant differences in velocities on either side of the southern arm 
of the NMSZ. Near-field and intermediate-field (primarily hard-rock sites) 
yield measurements of 0.6 ± 3.2 and -0.9 ± 2.2 mm/year, respectively. They 
are consistent with both 0 and 2 mm/year at 2-sigma. 

GPS data for the upper Mississippi embayment show that the interior of the 
Reelfoot rift is moving northeast relative to the North American Plate. 
Modeling stable North America as a single rigid plate fits the site velocities, 
with a mean residual of 1.0 mm/year. 

The authors conclude that the present GPS data imply that 1811-1812:"sized 
earthquakes are either much smaller or far less frequent than previously 
assumed (i.e., smaller than M 8 [5 to 10 m slip/event]), or longer than a 
recurrence interval of 400 to 600 years). (A bold M is defined as a moment 
magnitude.) 

Postulates a time-dependent model for the generation of repeated intraplate 
earthquakes in which seismic activity is driven by localized transfer of stress 
from a relaxing lower crustal weak body. Given transient perturbation to the 
stress field, the seismicity is also transient, but can have a significantly longer 
duration. This model suggests that interseismic strain rates computed between 
damaging slip events would not be geodetically detectable. 

Modeling of the removal of the Laurentide ice sheet ca. 20 ka changed the 
stress field in the vicinity of New Madrid and caused seismic strain to increase 
by about three orders of magnitude. The high rate of seismic energy release 
observed during late Holocene is likely to remain essentially unchanged for the 
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next few thousand years.

Crone et al.
(2003)

(Reference
2.5.1-462)

Sims et al. (2005)

(Reference
2.5.1-477)

Paleoseismicity of Two
Historically Quiescent Faults in
Australia: Implications for
Fault Behavior in Stable
Continental Regions

Preliminary Precambrian
Basement Structure Map of the
Continental United States-
An Interpretation of Geologic
and Aeromagnetic Data

Temporal clustering, in which faults turn on to generate a series of large
earthquakes and then turn off for a long time, may reflect the evolution of pore
fluid pressure in the fault zone. In this model, low-permeability seals form
around the fault zone as stress accumulates, raising the pore pressure until an
earthquake happens.

The systematics of major regional post-assembly Precambrian basement
structures throughout the United States continent point to a common causal
mechanism for their development. The model presented accords with
geodynamic models for North and South American plate motions, based on
seismic anisotropy beneath the continents that invoke mechanical coupling and
subsequent shear between the lithosphere and asthenosphere such that a major
driving force for plate movement is deep-mantle flow.

Two orthogonal sets of shear zones and faults are predominant in the continent:
(1) northeast-striking, partitioned ductile shear zones, and (2) northwest-
trending strike-slip ductile-brittle faults. The northeast-striking shear zones are
interpreted as resulting from northwest-southeast shortening, apparently formed
during the interval 1.76 to 1.70 billion years ago (Ga). The northwest-trending
(1.7 to 1.5 Ga) transcurrent fault system consists of west-northwest to
northwest synthetic faults and northerly trending antithetic transfer faults; it is
attributed to transpressional-transtensional deformation, that is, strike-slip
deformation that deviates from simple shear because of a component of
shortening or extension orthogonal to the deformation zone. The northeast and
northwest-oriented shears and faults mimic orthogonal teleseismic images of
the upper mantle. These structures were reactivated during the Mesoproterozoic

Attachment 2 to 
NRC3-10-0002 
Page 9 

Citation 

Crone et al. 
(2003) 

(Reference 
2.5.1-462) 

Sims et at. (2005) 

(Reference 
2.5.1-477) 

Title 

Paleoseismicity of Two 
Historically Quiescent Faults in . 
Australia: Implications for 
Fault Behavior in Stable 
Continental Regions 

Preliminary Precambrian 
Basement Structure Map of the 
Continental United States-
An Interpretation of Geologic 
and Aeromagnetic Data 

Summary 
next few thousand years. 

Temporal clustering, in which faults turn on to generate a series of large 
earthquakes an~ then turn off for a long time, may reflect the evolution of pore 
fluid pressure in the fault zone. In this model, low-permeability seals form 
around the fault zone as stress accumulates, raising the pore pressure until an 
earthquake happens. 

The systematics of major regional post-assembly Precambrian basement 
structures throughout the United States continent point to a common causal 
mechanism for their development. The model presented accords with 
geodynamic models for North and South American plate motions, based on 
seismic anisotropy beneath the continents that invoke mechanical coupling and 
subsequent shear between the lithosphere and asthenosphere such that a major 
driving force for plate movement is deep-mantle flow. 

Two orthogonal sets of shear zones and faults are predominant in the continent: 
(1) northeast-striking, partitioned ductile shear zones, and (2) northwest
trending strike-slip ductile-brittle faults. The northeast-striking shear zones are 
interpreted as resulting from northwest-southeast shortening, apparently formed 
during the interval 1.76 to 1.70 billion years ago (Ga). The northwest-trending 
(1.7 to 1.5 Ga) transcurrent fault system consists of west-northwest to 
northwest synthetic faults and northerly trending antithetic transfer faults; it is 
attributed to transpressional-transtensional deformation, that is, strike-slip 
deformation that deviates from simple shear because of a component of 
shortening or extension orthogonal to the deformation zone. The northeast and 
northwest-oriented shears and faults mimic orthogonal teleseismic images of 
the upper mantle. These structures were reactivated during the Mesoproterozoic 
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Calais et al.
(2006)

(Reference
2.5.1-480)

Deformation of the North
American Plate Interior from a
Decade of Continuous GPS
Measurements

and later times. The kinematics of regional basement, structures within the-
United States continent suggest that deformation since at least early Proterozoic
time has been predominantly transpressional. Transcurrent lithospheric
structures formed during Proterozoic mantle deformation are oriented obliquely
to the southwestward (absolute) motion of the North American plate. Stress
caused by traction between the asthenosphere and lithosphere during the
southwestward drift focused on preexisting block boundaries repeatedly have
reactivated basement zones of weakness, thus localizing sedimentation,
magmatism, and generation of ore deposits.

Two independent geodetic solutions using data from close to 300 continuous
GPS stations covering Central and Eastern United States (CEUS) show that
surface deformation in the plate interior is best fit by a model that includes
rigid rotation of North America with respect to International Terrestrial
Reference Frame (ITRF) 2000 and a component of strain qualitatively
consistent with that expected from glacial isostatic adjustment. No detectable
residual motion at the 95 percent confidence level is observed in the NMSZ.

Based on an average weighted misfit value of 0.7 mm/yr for the residual
velocities of the NMSZ sites, random deviations from a rigid plate model in the
NMSZ region do not exceed 1.4 mm/yr at the 95 percent confidence level. This
is assumed to represent a conservative upper bound on the magnitude of any
long-term slip in the study area. Assuming a simple model where characteristic
earthquakes repeat regularly on a given active fault, the results imply a
minimum repeat time of about 3,000 to 8,000 years for future magnitude 8
earthquakes with 5 tol 0 m of coseismic slip, and a minimum repeat time of 600
tol,500 years for future magnitude seven earthquakes with 1 to 2 m of
coseismic slip. This is consistent with recent and historical earthquake catalogs,
which predict a recurrence interval that exceeds 1,000 years for magnitude
seven earthquakes, and 10,000 years for magnitude 8 earthquakes, and is
consistent with paleoseismic data, which imply recurrence intervals of 400 to
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Summary 
and later times. The kinematics of regional basement. structures within the' 
United States continent suggest that deformation since at least early Proterozoic 
time has been predominantly transpressional. Transcurrent lithospheric 
structures formed during Proterozoic mantle deformation are oriented obliquely 
to the southwestward (absolute) motion of the North American plate. Stress 
caused by traction between the asthenosphere and lithosphere during the 
southwestward drift focused on preexisting block boundaries repeatedly have 
reactivated basement zones of weakness, thus localizing sedimentation, 
magmatism, and generation of ore deposits. 

Two independent geodetic solutions using data from close to 300 continuous 
GPS stations covering Central and Eastern United States (CEUS) show that 
surface deformation in the plate interior is best fit by a model that includes 
rigid rotation of North America with respect to International Terrestrial 
Reference Frame (ITRF) 2000 and a component of strain qualitatively 
consistent with that expected from glacial isostatic adjustment. No detectable 
residual motion at the 95 percent confidence level is observed in the NMSZ. 

Based on an average weighted misfit value of 0.7 mm/yr for the residual 
velocities of the NMSZ sites, random deviations from a rigid plate model in the 
NMSZ region do not exceed 1.4 mm/yr at the 95 percent confidence level. This 
is assumed to represent a conservative upper bound on the magnitude of any 
long-term slip in the study area. Assuming a simple model where characteristic 
earthquakes repeat regularly on a given active fault, the results imply a 
minimum repeat time of about 3,000 to 8,000 years for future magnitude 8 
earthquakes with 5 to 10m of coseismic slip, and a minimum repeat time of 600 
to1,500 years for future magnitude seven earthquakes with 1 to 2 m of 
coseismic slip. This is consistent with recent and historical earthquake catalogs, 
which predict a recurrence interval that exceeds 1,000 years for magnitude 
seven earthquakes, and 10,000 years for magnitude 8 earthquakes, and is 
consistent with paleoseismic data, which imply recurrence intervals of 400 to 
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Forte et al. (2007)

(Reference
2.5.1-357)

McKenna et al.
(2007)

(Reference
2.5.1-478)

Van Arsdale et al.
(2007)

(Reference
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Li et al. (2009)

(Reference
2.5.1-465)

Descent of the Ancient Farallon
Slab Drives Localized Mantle
Flow below the New Madrid
Seismic Zone

Is the New Madrid Seismic
Zone Hotter and Weaker Than
Its Surroundings?

Upland Complex of the Central
Mississippi River Valley: Its
Origin, Denudation, and
Possible Role in Reactivation of
the New Madrid Seismic Zone

Spatiotemporal Complexity of
Continental Intraplate
Seismicity: Insights from
Geodynamic Modeling and
Implications for Seismic
Hazard Estimation

Viscous flow models based on high-resolution seismic tomography show that
the descent of the ancient Farallon slab into the deep mantle beneath central
North America induces a highly localized flow directly below the NMSZ. This
localization arises because of structural variability in the Farallon slab and the
low viscosity of the sub-lithospheric upper mantle, and it represents a
heretofore unrecognized and possibly significant driving mechanism forthe
enigmatic intraplate seismicity in CEUS.

Concludes based on evaluation of sparse heat-flow data in the New Madrid
area that there is no compelling case for assuming that the NMSZ is
significantly hotter and weaker than its surroundings. This result is consistent
with the migrating seismicity model and the further possibility that the NMSZ
is shutting down, which is suggested by the small or zero motion observed
geodetically. In this model, the present seismicity is aftershocks of the large
earthquakes of 1811-1812, and such large earthquakes will not recur there for a
very long time.

Summarizes information on the distribution of the Upland Complex (Lafayette
gravel), Pliocene age (5.5-4.5 million years old [Ma]) and sea level (+100 m) at
time of deposition; subsequent sea level lowering to -20 m at 4 Ma that
resulted in incision to form high-level terrace; and subsequent denudation of up
to 100 m of sediment as possible perturbation in the local stress field that may
have reactivated the NMSZ.

This paper explores the complex spatiotemporal patterns of intraplate
seismicity using a 3-D visco-elastic-plastic finite-element model. The model
simulates tectonic loading, crustal failure in earthquakes, and coseismic and
postseismic stress evolution. For a laterally homogeneous lithosphere with
randomly pre-specified perturbations of crustal strength, the model predicts
various spatiotemporal patterns of seismicity at different time scales, spatial
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Summary 
1,000 years. 

Viscous flow models based on high-resolution seismic tomography show that 
the descent of the ancient Farallon slab into the deep mantle beneath central 
North America induces a highly localized flow directly below the NMSZ. This 
localization arises because of structural variability in the Farallon slab and the 
low viscosity of the sub-lithospheric upper mantle, and it represents a 
heretofore unrecognized and possibly significant driving mechanism forthe 
enigmatic intraplate seismicity in CEUS. 

Concludes based on evaluation of sparse heat-flow data in the New Madrid· 
area that there is no compelling case for assuming that the NMSZ is 
significantly hotter and weaker than its surroundings. This result is consistent 
with the migrating seismicity model and the further possibility that the NMSZ 
is shutting down, which is suggested by the small or zero motion observed 
geodetically. In this model, the present seismicity is aftershocks of the large 
earthquakes of 1811-1812, and such large earthquakes wi II not recur there for a 
very long time. 

Summarizes information on the distribution of the Upland Complex (Lafayette 
gravel), Pliocene age (5.5-4.5 million years old [Ma]) and sea level (+ 100 m) at 
time of deposition; subsequent sea level lowering to -20 m at 4 Ma that 
resulted in incision to form high-level terrace; and subsequent denudation of up 
to 100 m of sediment as possible perturbation in the local stress field that may 
have reactivated the NMSZ. 

This paper explores the complex spatiotemporal patterns of intraplate 
seismicity using a 3-D visco-elastic-plastic finite-element model. The model 
simulates tectonic loading, crustal failure in earthquakes, and coseismic and 
postseismic stress evolution. For a laterally homogeneous lithosphere with 
randomly pre-specified perturbations of crustal strength, the model predicts 
various spatiotemporal patterns of seismicity at different time scales, spatial 
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Liang and
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Three-Dimensional Crustal
Structure of Eastern North
America Extracted from
Ambient Noise

clustering in narrow belts and scattering across large regions over hundreds of
years, connected seismic belts over thousands of years, and widely scattered
seismicity over tens of thousands of years. The orientation of seismic belts
coincides with the optimal failure directions associated with the assumed
tectonic loading. Stress triggering and migration cause spatiotemporal
clustering of earthquakes. Fault weakening can lead to repeated earthquakes on
intraplate faults. The predicted patterns vary with the weakening history.
Clusters of large intraplate earthquakes can result from fault weakening and
healing, and the clusters can be separated by long periods of quiescence. The
complex spatiotemporal patterns of intraplate seismicity predicted in this model
suggest that assessment of earthquake hazard based on the limited historic
record may be biased toward overestimating the hazard in regions of recent
large earthquakes and underestimating the hazard where seismicity has been
low during historical time.

Group velocity dispersion curves of surface waves extracted from ambient
seismic noise are inverted to find 3-D shear- wave structure of the crust
beneath eastern North America. The 3-D model consists of one sediment layer
and another six layers with fixed depths of 5, 7.5, 10, 15, 25, and 43 km.
Almost all failed ancient rifting events (e.g., the Reelfoot rift, Ouachita triple
junction, and the Midcontinent rift) and rifting-related events (e.g., the Ozark
uplift and the Nashville dome) are associated with high-velocity bodies in the
middle and lower crust. Results suggest the existence of a triple junction-like
high-velocity body centered around the New Madrid and the Wabash Valley
seismic zones, with the Reelfoot rift, the Ozark uplift, and the Nashville dome
being on its southwest, northwest, and southeast arms, respectively. The
Appalachian Mountains are characterized by high-velocity upper crust
underlain with relatively low-velocity middle and lower crust. All major
seismic zones are associated with either divergent or convergent events. The
New Madrid seismic zone and the Wabash Valley seismic zone are clearly
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Summary 
clustering in narrow belts and scattering across large regions over hundreds of 
years, connected seismic belts over thousands of years, and widely scattered 
seismicity over tens of thousands of years. The orientation of seismic belts 
coincides with the optimal failure directions associated with the assumed 
tectonic loading. Stress triggering and migration cause spatiotemporal 
clustering of earthquakes. Fault weakening can lead to repeated earthquakes on 
intraplate faults. The predicted patterns vary with the weakening history. 
Clusters of large intraplate earthquakes can result from fault weakening and 
healing, and the clusters can be separated by long periods of quiescence. The 
complex spatiotemporal patterns of intraplate seismicity predicted in this model 
suggest that assessment of earthquake hazard based on the limited historic 
record may be biased toward overestimating the hazard in regions of recent 
large earthquakes and underestimating the hazard where seismicity has been 
low during historical time. 

Group velocity dispersion curves of surface waves extracted from ambient 
seismic noise are inverted to find 3-D shear- wave structure of the crust 
beneath eastern North America. The 3-D model cons}sts of one sediment layer 
and another six layers with fixed depths of 5, 7.5, 10, 15,25, and 43 km. ' 
Almost all failed ancient rifting events (e.g., the Reelfoot rift, Ouachita triple 
junction, and the Midcontinent rift) and rifting-related events (e.g., the Ozark 
uplift and the Nashville dome) are associated with high-velocity bodies in the 
middle and lower crust. Results suggest the existence of a triple junction-like 
high-velocity body centered around the New Madrid and the Wabash Valley 
seismic zones, with the Reelfoot rift, the Ozark uplift, and the Nashville dome 
being on its southwest, northwest, and southeast arms, respectively. The 
Appalachian Mountains are characterized by high-velocity upper crust 
underlain with relatively low-velocity middle and lower crust. All major 
seismic zones are associated with either divergent or convergent events. The 
New Madrid seismic zone and the Wabash Valley seismic zone are clearly 



Attachment 2 to
NRC3-10-0002
Page 13

Citation Title Summary
associated with the failed Reelfoot rift. Both the eastern Tennessee seismic
zone and the Ouachita orogen are located along convergent boundaries.

Calais and Stein Time-Variable Deformation in This paper speculates that earthquake hazard estimates assuming that recent
(2009) the New Madrid Seismic Zone seismicity reflects long-term steady-state behavior may be inadequate for plate

(Reference interiors and may overestimate the hazard near recent earthquakes and
2.5.1-466) underestimate it elsewhere.

Recent geodetic results in the NMSZ have shown motions betweenO to 1.4
mm/yr, allowing opposite interpretations. The upper bound is consistent with
steady-state behavior, in which strain accumulates at a rate consistent with a
repeat time for magnitude (M) - 7 earthquakes of about 600 to 1,500 years, as
seen in the earthquake record. The .lower bound cannot be reconciled with this
record, which implies that the recent cluster of large-magnitude events does not
reflect long-term fault behavior and may be ending. New analysis suggests
strain rates lower than 1.3 x 10-9 /yr, less than predicted by a model in which
large earthquakes occur because the NMSZ continues to be loaded as a deeper
weak zone relaxes (e.g., Reference 2.5.1-461). At a steady state, a rate of 0.2
mm/yr implies a minimum repeat time of 10,000 years for low M 7
earthquakes with -2 m of coseismic slip and one longer than 100,000 years for
M 8 events. Strain in the NMSZ over the past several years has accumulated
too slowly to account for seismicity over the past -5,000 years; hence steady-
state fault behavior is excluded.
Elsewhere throughout the plate interior, Global Positioning System (GPS) data
also show average deformation less than 0.7 mm/yr and paleoseismic records
show earthquake migration and temporal earthquake clustering.

These imply that fault loading, strength, or both vary with time in the plate
interior. Time variations in stress could be due to local loading and unloading
from ice sheets or sediments or after earthquakes on other faults.

Zhang et al. Lithospheric Velocity of the Inversion of teleseismic P and local P first arrival times from a nine-year data
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associated with the failed Reelfoot rift. Both the eastern Tennessee seismic 
zone and the Ouachita orogen are located along convergent boundaries. 

This paper speculates that earthquake hazard estimates as~uming that recent 
seismicity reflects long~term steady-state behavior may be inadequate for plate 
interiors and may overestimate the hazard near recent earthquakes and 
underestimate it elsewhere. 

Recent geodetic results in the NMSZ have shown motions between'O to 1.4 
mm/yr, allowing opposite interpretations. The upper bound is consistent with 
steady-state behavior, in which strain accumulates at a rate consistent with a 
repeat time for magnitude (M) - 7 earthquakes of about 600 to 1,500 years, as 
seen in the earthquake record. The.lower bound cannot be reconciled with this 
record, which implies that the recent cluster of large-magnitude events does not 
reflect long-term fault behavior and may be ending. New analysis suggests 
strain rates lower than 1.3 x 10-9 /yr, less than predicted by a model in which 
large earthquakes occur because the NMSZ continues to be loaded as a deeper 
weak zone relaxes (e.g., Reference 2.5.1-461). At a steady state, a rate of 0.2 
mm/yr implies a minimum repeat time of 10,000 years for low M 7 
earthquakes with -2 m of coseismic slip and one longer than 100,000 years for 
M 8 events. Strain in the NMSZ over the past several years has accumulated 
too slowly to account for seismicity over the past -5,000 years; hence steady
state fault behavior is excluded. 

Elsewhere throughout the plate interior, Global Positioning System (GPS) data 
also show average deformation less than 0.7 mm/yr and paleoseismic records 
show earthquake migration and temporal earthquake clustering. 

These imply that fault loading, strength, or both vary with time in the plate 
interior. Time variations in stress could be due to local loading and unloading 
from ice sheets or.sediments or after earthquakes on other faults. 

Inversion of teleseismic P and local P first arrival times from a nine-year data 
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(2009) New Madrid Seismic Zone: A set are used to infer the lithospheric velocity structure beneath the NMSZ. The
(Reference Joint Teleseismic and Local P results show that the seismically active zone is associated with a local,
2.5.1-467) Tomographic Study northeast-southwest-trending low-velocity anomaly in the lower crust and

upper mantle, instead of high-velocity intrusive bodies proposed in previous
studies. The low-velocity anomaly is on the edge of a high-velocity lithospheric
block, consistent with the notion of stress concentration near rheological
boundaries. This lithospheric weak zone may shift stress to the upper crust
when loaded, thus leading to repeated shallow earthquakes.

Attachment 2 to 
NRC3-10-0002 
Page 14 

Citation 
(2009) 

(Reference 
2.5.1-467) 

Title 
New Madrid Seismic Zone: A 
Joint Teleseismic and Local P 
Tomographic Study 

(-

Summary 
set are used to infer the lithospheric velocity structure beneath the NMSZ. The 
results show that the seismically active zone is associated with a local, 
northeast-southwest-trending low-velocity anomaly in the lower crust and 
upper mantle, instead of high-velocity intrusive bodies proposed in previous 
studies. The low-velocity anomaly is on the edge of a high-velocity lithospheric 
block, consistent with the notion of stress concentration near rheological 
boundaries. This lithospheric weak zone may shift stress to the upper crust 
when loaded, thus leading to repeated shallow earthquakes. 
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Mmax and Lithospheric
Structure in Central and Eastern
United States

Time-Variable Deformation in
the New Madrid Seismic Zone

Presents the hypothesis that greater integrative lithospheric strength correlates
with lower rates of continental 6rustal seismicity and lower maximum
earthquake magnitude. Integrative lithospheric strength is controlled by
lithospheric composition and the geotherm that is correlated with S-wave
velocity anomalies at a depth of 175 km. Only 10 percent of 460 events with
moment magnitudes between 5 to 6, 15 percent of 110 events with moment
magnitudes between 6 to 7, and none of the 14 intraplate events with moment
magnitudes greater than 7 occur above mantle lithosphere with 6Vs greater
than 3.5 percent (cratonic lithosphere). Observations therefore suggest that
Mmax is M 7 for stable cratonic continental regions underlain by 5Vs greater
than 3.5 percent which includes a large portion of the Precambrian continental
interior of the central and eastern United States with Archean and
Neoproterozoic age.

New analysis of GPS measurements across the NMSZ shows that deformation
accumulates at a rate indistinguishable from zero and less than 0.2 mm/yr. At
steady state, a (maximum) rate of 0.2 mm/yr implies a (minimum) repeat time
of 10,000 years for low M 7 earthquakes, in contrast with the 500-to-900-year
repeat time of paleoearthquakes. This, along with geological observations that
large earthquakes and significant motions on the Reelfoot fault started in the
Holocene, suggests a transient burst of seismic activity rather than steady-state
behavior. The authors postulate a model in which stress changes are caused by
the Quaternary denudation/sedimentation history of the Mississippi Valley.
Flexural stresses are sufficient to trigger earthquakes in a continental crust at
failure equilibrium. The resulting viscoelastic relaxation leads to failure again
on the main fault (lower strength threshold) and on neighboring faults. In the
absence of significant far-field loading, this process can only maintain seismic
activity for a few thousand years.
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Presents the hypothesis that greater integrative lithospheric strength correlates 
with lower rates of continental crustal seismicity and lower maximum 
earthquake magnitude. Integrative lithospheric strength is controlled by 
lithospheric composition and the geotherm that is correlated with S-wave 
velocity anomalies at a depth of 175 km. Only 10 percent of 460 events with 
moment magnitudes between 5 to 6, 15 percent of 110 events with moment 
magnitudes between 6 to 7, and none of the 14 intraplate events with moment 
magnitudes greater than 7 occur above mantle lithosphere with 8V s greater 
than 3.5 percent (cratonic lithosphere). Observations therefore suggest that 
Mmax is M 7 for stable cratonic continental regions underlain by 8V s greater . 
than 3.5 percent which includes a large portion of the Precambrian continental 
interior of the central and eastern United States with Archean and 

. Neoproterozoic age. 

New analysis of GPS measurements across the NMSZ shows that deformation 
accumulates at a rate indistinguishable from zero and less than 0.2 mm/yr. At 
steady state, a (maximum) rate of 0.2 mm/yr implies a (minimum) repeat time 
of 10,000 years for low M 7 earthquakes, in contrast with the 500-to-900-year 
repeat time of paleoearthquakes. This, along with geological observations that 
large earthquakes and significant motions on the Reelfoot fault started in the 
Holocene, suggests a transient burst of seismic activity rather than steady-state 
behavior. The authors postulate a model in which stress changes are caused by 
the Quaternary denudation/sedimentation history of the Mississippi Valley. 
Flexural stresses are sufficient to trigger earthquakes in a continental crust at 
failure equilibrium. The resulting viscoelastic relaxation leads to failure again 
on the main fault (lower strength threshold) and on neighboring faults. In the 
absence of significant far-field loading, this process can only maintain seismic 
activity for a few thousand years. 
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(Reference 2.5.1-344) concluded that the historic record indicates a
maximum magnitude of 5, but suggested that this zone was capable of

producing a magnitude 6.0 to 7.0 event. Obermeier
(Reference 2.5.1-350) investigated stream banks in the vicinity of Anna,

Ohio, and portions of the Auglaize, Great Miami, Stillwater, and St. Marys

rivers and found no evidence of paleoliquifaction features indicative of a
magnitude 7 event in the past several thousand years. Crone and
Wheeler (Reference 2.5.1-316) designated the Anna seismic zone as a
Class C feature based on the occurrence of significant historical

earthquakes and the lack of paleoseismic evidence. With the exception
of one team (Law Engineering), the EPRI-SOG ESTs included smaller

source zones to account for the concentration of seismicity in the Anna
seismic zone (Subsection 2.5.2).

2.5.1.1.4.4 Significant Seismic Sources at Distance Greater
than 320 Km (200 Mi)

More distant sources of large-magnitude earthquakes are the New
Madrid seismic zone (NMSZ) and the Wabash Valley seismic zone
(WVSZ), which are approximately 800 km (500 mi) and 500 km (300 mi)

southwest, respectively, from Fermi 3 (Figure 2.5.1-207). The results of
the 1989 EPRI study (Reference 2.5.1-351) indicated that neither the
NMSZ nor the WVSZ sources contributed to 99 percent of the hazard at
Fermi 2. New information developed since the EPRI-SOG study,
however, indicates changes in the frequency or magnitude of
large-magnitude events that are expected to occur within these seismic

zones, and this information is considered in updating the EPRI hazard
model for this study (Subsection 2.5.2). Recent evaluations and new
information used to update the source characterizations are described

below.

2.5.1.1.4.4.1 New Madrid Seismic Zone

E he New Madrid seismic zone (NMSZ) lies within the Reelfoot rift and is
eined b Eocene to Quaternary faulting, and historical seismicity

(Reference 2.5.1-316). The NMSZ, which is approximately 200 km (124
mi) long and 40 km (25 mi) wide, extends from southeastern Missouri to

Add "Insert 1" here as ._northeastern Arkansas and northwestern Tennessee (Figure 2.5.1-207).
a new paragraph Research conducted since 1986 shows that a distinct fault system is

embedded within this source zone. The fault system consists of three
distinct segments (Figure 2.5.1-203). These three segments include a
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"Insert 1"

A number of models have been proposed to explain the origin of stresses driving
active deformation in the CEUS. Several of the models provide explanations for
localization of seismicity and recurrence of large-magnitude events in the NMSZ,
as follows:

* The presence of a rift pillow (body of igneous rock in the crust
composed of injected high-density mantle material) underlying the
Reelfoot rift (Reference 2.5.1-456) causes local stress concentration
(Reference 2.5.1-457).

* A weak subhorizontal detachment fault exists in the lower crust above the
rift pillow that causes local stress concentration (Reference 2.5.1-458).

* High local heat flow creates high ductile strain rates in the upper mantle
and lower crust, causing seismicity in the upper crust (Reference
2.5.1-459;. Reference 2.5.1-476).

* Glacial unloading north of the NMSZ at the close of the Wisconsinan
increased seismic strain rates in the NMSZ and initiated the Holocene
seismicity (Reference 2.5.1-460).

* Some local or regional perturbation of the stress field, pore pressure, or
thermal state is responsible for triggering viscous relaxation of a weak
lower-crustal zone within an elastic lithosphere. This may cause a
sequence of fault ruptures with short recurrence intervals. A strong
candidate for this perturbation is recession of the Laurentian ice sheet,
approximately 14 ka. (Reference 2.5.1-461).

* Low-permeability seals form around the fault zone as stress accumulates,
raising the pore pressure until an earthquake occurs. Temporal clustering
may reflect the evolution of pore fluid pressure in a fault zone. (Reference
2.5.1-462)

* Accelerated Late Wisconsin and Holocene denudation above the NMSZ
due to the confluence of the Mississippi and Ohio rivers stepping north to
Thebes Gap, perhaps in combination with the retreating Laurentide
forebulge, may have been sufficient to initiate Holocene seismicity by
causing a perturbation in the local stress field (Reference 2.5.1-461;
Reference 2.5.1-463).

" Deep-mantle flow combined with the seismic anisotrophy beneath
continents invoke mechanical coupling and subsequent shear between
the lithosphere and asthenosphere. Two orthogonal sets of shear zones
and faults observed on a continental scale mimic orthogonal teleseismic
images. Stress caused by the traction leads to repeated reactivation of
structures (Reference 2.5.1-477)

* Descent of the ancient Farallon slab into the deep mantle beneath central
North America as inferred from high-resolution seismic tomography
induces highly localized flow and stresses directly below the NMSZ. This
localization arises because of structural variability in the Farallon slab and
the low viscosity of the sub-lithospheric upper mantle. It is hypothesized
that the mantle-flow-induced surface depression and associated local
focusing of bending stresses in the upper crust may operate analogous to
previous crustal loading scenarios, with the difference being that the slab-
related loads reside in the mantle. (Reference 2.5.1-357)

"Insert 1" 

A number of models have been proposed to explain the origin of stresses driving 
active deformation in the CEUS. Several of the models provide explanations for 
localization of seismicity and recurrence of large-magnitude events in the NMSZ, 
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induces highly localized flow and stresses directly below the NMSZ. This 
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* Fault weakening can lead to repeated earthquakes on intraplate faults
(Reference 2.5.1-464). The predicted patterns vary with the weakening
history. Stress triggering and migration associated with assumed tectonic
loading cause spatiotemporal clustering of earthquakes. Clusters of large
intraplate earthquakes can result from cycles of fault weakening and
healing, and the clusters can be separated by long periods of quiescence.
(Reference 2.5.1-46; Reference 2.5.1-478)

" Strain in the NMSZ over the past several years has accumulated too
slowly to account for seismicity over the past approximately 5,000 years,
hence excluding steady-state fault behavior. Fault loading, strength, or
both may vary with time in the plate interior. Time variations in stress
could be due to local loading and unloading from ice sheets or sediments
or after earthquakes on other faults. (Reference 2.5.1-466; Reference
2.5.1-479; Reference 2.5.1-480)

" The NMSZ is associated with a local, NE-SW-trending low-velocity
anomaly in the lower crust and upper mantle, instead of high-velocity
intrusive bodies proposed in previous studies. The low-velocity anomaly
is on the edge of a high-velocity lithospheric block, consistent with the
notion of stress concentration near rheological boundaries. This
lithospheric weak zone may shift stress to the upper crust when loaded,
thus leading to repeated shallow earthquakes. (Reference 2.5.1-467)

* Integrated lithospheric strength, as indicated by S-wave velocity
anomalies at depths of 175 km correlates with crustal seismicity. None of
the 14 intraplate events with moment magnitudes greater than 7
(including the NMSZ events) occur above mantle lithosphere with 6Vs
greater than 3.5 percent (cratonic lithospheres) (Reference 2.5.1-481).

* Stress changes are caused by the Quaternary denudation/sedimentation
history of the Mississippi valley. Flexural stresses are sufficient to trigger
earthquakes in a continental crust at failure equilibrium (close to failure).
Theresulting viscoelastic relaxation leads to failure again on the main
fault (lower strength threshold) and on neighboring faults. In the absence
of significant far-field loading, this process can only maintain seismic
activity for a few thousand years. (Reference 2.5.1-468)

• Fault weakening can lead to repeated earthquakes on intraplate faults 
(Reference 2.5.1-464). The predicted patterns vary with the weakening 
history. Stress triggering and migration associated with assumed tectonic 
loading cause spatiotemporal clustering of earthquakes. Clusters of large 
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slowly to account for seismicity over the past approximately 5,000 years, 
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intrusive bodies proposed in previous studies. The low-velocity anomaly 
is on the edge of a high-velocity lithospheric block, consistent with the 
notion of stress concentration near rheological boundaries. This 
lithospheric weak zone may shift stress to the upper crust when loaded, 
thus leading to repeated shallow earthquakes. (Reference 2.5.1-467) 

• Integrated lithospheric strength, as indicated by S-wave velocity 
anomalies at depths of 175 km correlates with crustal seismicity. None of 
the 14 intraplate events with moment magnitudes greater than 7 
(including the NMSZ events) occur above mantle lithosphere with oVs 
greater than 3.5 percent (cratonic lithospheres) (Reference 2.5.1-481). 

• Stress changes are caused by the Quaternary denudation/sedimentation 
history of the Mississippi valley. Flexural stresses are sufficient to trigger 
earthquakes i,n a continental crust at failure equilibrium (close to failure). 
The resulting viscoelastic relaxation leads to failure again on the main 
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southern northeast-trending dextral slip fault referred to as the

Cottonwood Grove fault and Blytheville arch, a middle northwest-trending

reverse fault referred to as the Reelfoot fault, and a northern

northeast-trending dextral strike-slip fault referred to as the New Madrid

North fault (Reference 2.5.1-352; Reference 2.5.1-353;

Reference 2.5.1-354; Reference 2.5.1-355; Reference 2.5.1-316;

Reference 2.5.1-356). In the current east-northeast to west-southwest

directed regional stress field, Precambrian and Late Cretaceous-age

extensional structures of the Reelfoot rift have been reactivated as

right-lateral strike-slip and reverse faults.

Forte et al. (Reference 2.5.1-357) present viscous flow models for North

America based on high-resolution seismic tomography that suggest a

possible driving mechanism for the intraplate seismicity in the New

Madrid region. From analysis of these flow models it is postulated that

the descent of the ancient Farallon slab into the deep mantle beneath

central North America induces a highly localized flow and stresses

directly below the NMSZ. This localization arises because of structural

variability in the Farallon slab and the low viscosity of the sublithospheric

upper mantle. It is hypothesized that the mantle-flow-induced surface

depression and associated local focusing of bending stresses in the

upper crust may operate analogously to previous crustal loading

scenarios, with the difference being that the slab-related loads reside in

the mantle. (Reference 2.5.1-357)

The NMSZ produced three large-magnitude earthquakes (estimates

range from Mw 7.1 to 8.4) between December 1811 and February 1812.

The actual size of these pre-instrumental events is~not known with

certainty and is based primarily on various estimates of damage intensity

and amount and pattern of liquefaction. (Reference 2.5.1-358;

Reference 2.5.1-359; Reference 2.5.1-360; Reference 2.5.1-361)

The D6cember 16, 1811, earthquake is inferred to be associated with

strike-slip displacement along the southern portion of the NMSZ

(Reference 2.5.1-361; Reference 2.5.1-356). Johnston

(Reference 2.5.1-361) estimated the December event to have a

magnitude of Mw 8.1 ± 0.31. Hough et al. (Reference 2.5.1-360) later

re-evaluated the intensity data for the region and concluded that the

event had a magnitude of Mw 7.2 to 7.3. Bakun and Hopper

(Reference 2.5.1-358) also re-evaluated the intensity data and derived a

preferred magnitude of Mw 7.6 for the December 1811. event.
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The February 7, 1812, New Madrid earthquake is associated with

reverse displacement along the middle part of the NMSZ (Figure

2.5.1-207) (Reference 2.5.1-362; Reference 2.5.1-363;

Reference 2.5.1-356; Reference 2.5.1-358; Reference 2.5.1-361). This

earthquake most likely occurred along the northwest-trending Reelfoot

fault that extends approximately 69 km (43 mi) from northwestern

Tennessee to southeastern Missouri (Reference 2.5.1-364;

Reference 2.5.1-365). The Reelfoot fault is a northwest-trending

southwest-vergent (shortening direction) reverse fault
(Reference 2.5.1-363; Reference 2.5.1-366). It forms a topographic

scarp developed as a result of fault-propagation folding

(Reference 2.5.1-363; Reference 2.5.1-365). Kelson et al.

(Reference 2.5.1-363) investigated near-surface deformation along the

trace of the scarp and found evidence for three events within the past

2,400 years. The most recent event was associated with the 1811/1812

earthquake sequence. The penultimate event is estimated to have

occurred between A.D. 1260 and 1650. The pre-penultimate event

occurred prior to about A.D. 780 to 1000. A range of recurrence intervals

for the Reelfoot fault are estimated between 150 to 900 years, with a

preferred range of about 400 to 500 years (Reference 2.5.1-363). The

geometry and reverse sense of motion of the Reelfoot fault implies that

this structure serves as a step-over segment between the southern and

northern portions of the fault system (Reference 2.5.1-352;

Reference 2.5.1-316). Johnston (Reference 2.5.1-361) estimated a

magnitude of Mw 8.0 ±+0.33 for the February 1812 event. Hough et al.

(Reference 2.5.1-360) later re-evaluated the intensity data for the region

and concluded that the February event had a magnitude of Mw 7.4 to 7.5.

Bakun and Hopper (Reference 2.5.1-358) also re-evaluated the intensity

data from the 1811/1812 sequence and derived a preferred magnitude of

Mw 7.8 for the event.

The January 23, 1812, earthquake is inferred to be associated with

strike-slip displacement on the New Madrid North fault along the northern

portion of the NMSZ (Figure 2.5.1-207) (Reference 2.5.1-356). The
interpretation that the January 1812 earthquake occurred along the New

Madrid North fault of the NMSZ is based on fault mechanics and limited

historical data, and is more poorly constrained than interpretations of the

December 16, 1811, and February 7, 1812, earthquakes. Baldwin et al.
(Reference 2.5.1-367) conducted paleoseismic investigations along this

segment of the fault and although their investigations identified
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preferred range of about 400 to 500 years (Reference 2.5.1-363). The 

geometry and reverse sense of motion of the Reelfoot fault implies that 

this structure serves as a step-over segment between the southern and 

northern portions of the fault system (Reference 2.5.1-352; 

Reference 2.5.1-316). Johnston (Reference 2.5.1-361) estimated a 

magnitude of Mw 8.0 ±_0.33 for the February 1812 event. Hough et al. 

(Reference 2.5.1-360) later re-evaluated the intensity data for the region 

and concluded that the February event had a magnitude of Mw 7.4 to 7.5. 

Bakun and Hopper (Reference 2.5.1-358) also re-evaluated the intensity 

data from the 1811/1812 sequence and derived a preferred magnitude of 

Mw 7.8 for the event. 

The January 23, 1812, earthquake is inferred to be associated with 

strike-slip displac~ment on the New Madrid North fault along the northern 

portion of the NMSZ (Figure 2.5.1-207) (Reference 2.5.1-356). The 

interpretation that the January 1812 earthquake occurred along the New 

Madrid North fault of the NMSZ is based on fault mechanics and limited 

historical data, and is more poorly constrained than interpretations of the 

December 16, 1811, and February 7, 1812, earthquakes. Baldwin et al. 
(Reference 2.5.1-367) conducted paleoseismic investigations along this 

segment of the fault and although their investigations identified 
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liquefaction evidence for the 1811/1812 earthquake sequence, their data

does not support the presence of a major through going fault with

repeated late Holocene events.

Johnston (Reference 2.5.1-361) estimated a magnitude of Mw 7.8 ± 0.33

for the January 1812 event. Hough et al. (Reference 2.5.1-360) later

re-evaluated the intensity data for the region and concluded that the

January event had a magnitude of Mw 7.1. Bakun and Hopper

(Reference 2.5.1-358) also re-evaluated the intensity data from

1811/1812 sequence and derived a preferred magnitude of M, 7.5 for the

January 23, 1812, event.

Because there is little surface expression of faults within the NMSZ,

earthquake recurrence estimates are based largely on dates of

paleoliquefaction and offset geological features. Tuttle et al.

(Reference 2.5.1-368; Reference 2.5.1-369) provide recent summaries of

paleoseismologic data that suggest that that the average recurrence

interval for surface deforming earthquakes in the NMSZ is about 200 to

800 years, with a preferred estimate of 500 years. The 200- to 800-year

recurrence estimate, with a preferred estimate of 500 years is

significantly shorter than the 5000-year earthquake recurrence interval

used in the 1988 EPRI-SOG study based on extrapolation of historical

seismicity (see discussion in Subsection 2.5.2). Paleoliquefaction studies

document evidence that prehistoric sand blows, such as those formed

during the 1811/1812 earthquakes, probably are compound structures

resulting from multiple earthquakes closely clustered in time (earthquake

sequences) (Reference 2.5.1-368).

The upper-bound maximum magnitude values (Mmax) used by the

EPRI-SOG teams range from mb 7.2 to 7.9 (Subsection 2.5.2). More

recent estimates of Mmax as outlined above have generally been within

this range. The most significant updates of source parameters for the

NMSZ since the 1986 EPRI-SOG study (Reference 2.5.1-305) are the

reduction in the mean recurrence interval to approximately 500 years and

consideration of clustered event sequences.

2.5.1.1.4.4.2 Wabash Valley Seismic Zone

The Wabash Valley region in southeastern Illinois and southwestern

Indiana has been an area of persistent seismicity and the site of several

moderate-magnitude historical earthquakes (estimated moment

magnitude (M) 4.5 to M 5.8; including the April 28, 2008 M 5.2 event
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reduction in the mean recurrence interval to approximately 500 years and 
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RAI 02.05.01-20

FSAR Section 2.5.1.2.4.1 discusses structures in the site vicinity (including a description of the
Maumee fault) and cites FSAR Figure 2.5.1-231. In this figure (and also in FSAR Figure 2.5.2-
230), the bathymetry of Lake Erie shows a very straight, northeast-trending feature that extends
into the lake from the mouth of the Maumee River. It lies on the projection of the on-land
Maumee fault. If this feature is an accurate representation of the lake-bottom topography, then
please explain the origin of this >25-km-long feature on the lake bottom.

Response

Offshore of where the Maumee River enters Lake Erie, a linear northeast-trending channel
(FSAR Figures 2.5.1-230 and 2.5.1-231) has been excavated and dredged for shipping traffic
entering Toledo Harbor (Reference 2.5.1-472; Reference 2.5.1-473; Reference 2.5.1-474;
Reference 2.5.1-475). The dredged channel includes 11 km (7 mi) of channel on the Maumee
River and 29 km (18 mi) on the bay (Reference 2.5.1-475). Excavation of the channel into the
lake began in the late 1800s and early 1900s (Reference 1). Because of large amount of sediment
input from the Maumee River basin, it is estimated that over 800,000 cubic yards of sediment are
dredged from the ship channel annually (Reference 2.5.1-475).

Reference

War Department, "Annual Reports of the War Department for the Fiscal Year Ended June 30,
1904, Volume 5 Report of the Chief Engineers, Part 1," 1,472 pp., 1904.

Proposed COLA Revision

Proposed markups to revise the 5th paragraph of FSAR Section 2.5.1.2.4.1 and additional
references are attached.
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Markup of Detroit Edison COLA
(following 5 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response in a
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by
revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content
that appears in a future submittal may be different than presented here.
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The following discussion of structures within the site vicinity was based
on a review of published literature, discussions with geologists from the
Ohio Geological Survey and Michigan Geological Survey, interpretation

of high-altitude imagery and aerial photographs, and field and helicopter
reconnaissance conducted during August 2007. Identification and

characterization of structures at the site is based on subsurface
information developed as part of previous studies conducted for Fermi 2
and results of more recent drilling completed as part of the Fermi 3
subsurface investigations.

2.5.1.2.4.1 Structures Within the Site Vicinity

Major Precambrian structures in the site vicinity include the GFTZ and
the MRS, which intersect in the site vicinity (Figure 2.5.1-203). These
structures, which are buried beneath a thick (approximately 1100-m

[3600-ft] section of Paleozoic sediments, are interpreted from potential
field and seismic data as discussed in detail in Subsection 2.5.1.1.2.2.4.

The structure of Paleozoic rocks in the subsurface in the site vicinity has
been interpreted from boring and geophysical data obtainedprimarily
from oil and gas exploration (Reference 2.5.1-406; Reference 2.5.1-407;
Reference 2.5.1-408; Reference 2.5.1-333).

The surface of the Precambrian basement unconformity is regular with a
gentle gradient ranging from about 0.3 degree (5.9 m/km [31 ft/mi]) to
locally about 1 degree [Chatham Sag] (16 m/km [85 ft/mi]) on the
northwest flank of the Findlay arch northwest into the Michigan basin and
about 1 degree (6 m/km [32 ft/mi]) southeast into the Appalachian basin
(Reference 2.5.1-325). Dips on Paleozoic units through the lower Middle
Devonian Detroit River Group are similar (Reference 2.5.1-325) and
define the pattern of Paleozoic rocks in the site vicinity
(Reference 2.5.1-325) (Figure 2.5.1-241). The youngest Paleozoic rocks

at Fermi 3 are the Upper Silurian Bass Islands Group. Younger Paleozoic
rocks were either deposited and eroded or not deposited on the crest of
the positive Findlay arch.

No Quaternary faults are known within the site vicinity. The Bowling
Green fault and the Maumee fault are bedrock faults mapped within 40
km (25 mi) of the site (Figure 2.5.1-246). The Howell anticline and
associated fault, which is mapped to within 45 km (28 mi) of the site, are
discussed in Subsection 2.5.1.1.4.3.2. A series of folds are recognized in
subsurface bedrock units along the southeastern projected trend of the
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Howell anticline/fault structure (Reference 2.5.1-341). Two possible fault

trends associated with the small New Boston and Sumpter oil and gas

pools in Huron Township and Sumpter Township, Wayne County,

Michigan, respectively, are mapped along the southwestern flank of this

series of folds (Reference 2.5.1-406). Additional shorter faults are

mapped in southwestern Ontario, including two subparallel unnamed

faults, one of which is associated with the Colchester oil and gas field

(Reference 2.5.1-409). Structures within the site vicinity (40-km [25-mi]

radius) are described in more detail below.

The central and northern segments of the Bowling Green fault are

located approximately 40 km (25 mi) from the site (Figure 2.5.1-231;

Subsection 2.5.1.1.4.3.2). The Bowling Green fault displaces the

Precambrian unconformity surface down to the west

(Reference 2.5.1-237) and has approximately 122 m (400 ft), down to the

west displacement on the top of the Middle Silurian Lockport Dolomite

(Reference 2.5.1-332). The Bowling Green fault has had at least six

episodes of displacement through the Middle Silurian
(Reference 2.5.1-332; Figure 2.5.1-234). Onasch and Kahle

(Reference 2.5.1-332) speculate that fault-parallel, east-dipping thrust

faults with maximum displacements of less than 5 m (16 ft), generally on

the east side of the fault, may represent younger deformation

(post-Middle Silurian to Cenozoic). The youngest unit displaced by the
Bowling Green fault is the latest Silurian Bass Islands Group; no younger

units except for unfaulted Pleistocene glacial deposits occur along the

fault (Reference 2.5.1-332).

The northeast-southwest-trending Maumee fault is coincident with the

Maumee River in northwest Ohio, and extends to the shore of Lake Erie

(Figure 2.5.1-203; Subsection 2.5.1.1.4.3.2). The Maumee fault is a

normal fault that trends northeast-southwest and is expressed on the

Precambrian unconformity surface (Figure 2.5.1-203)

(Reference 2.5.1-237). The Maumee fault is offset in an apparent

left-lateral sense about 2 km (1.2 mi) by the Bowling Green fault. No

geomorphic expression of the Maumee fault was identified in aerial

photographs or during the helicopter reconnaissance (August 2007)

along the mapped trace of the fault where it is overlain by late

Pleistocene glacial lacustrine deposits.
"Insert 1"

The southeast end of the Howell anticline/fault extends into the northwest

corner of Wayne County, 45 km (28 mi) north of the site (Figure 2.5.1-234
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Offshore of where the Maumee River enters Lake Erie, a linear northeast-trending
channel (Figures 2.5.1-230 and 2.5.1-231) has been excavated and dredged for
shipping traffic entering Toledo Harbor (Reference 2.5.1-472; Reference 2.5.1-473;
Reference 2.5.1-474; Reference 2.5.1-475). The dredged channel includes 11 km (7 mi)
of channel on the Maumee River and 29 km (18 mi) on the bay (Reference 2.5.1-475).
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2.5.1-444 National Geophysical Data Center, National Oceanic and
Atmospheric Administration (NOAA), "2-Minute Gridded
Global Relief Data (ETOPO2v2) June, 2006," Bathymetric
Data, http://www.ngdc.noaa.gov/mgg/fliers/01 mggO4.html,

accessed 1 January 2007.

2.5.1-445 Tennessee Valley Authority, "Application for a Combined

License (COL) for Two Westinghouse Advance Passive 1000
(AP1 000) Pressurized Water Reactors (PWRs) Designated as
Bellefonte Nuclear Station Units 3 & 4," date of application

submittal October 30, 2007.

2.5.1-446 Indiana Geological Survey, "Structural Features of Indiana

(Indiana Geological Survey, Line Shapefile," 2002.
http://129.79.145.7/arcims/statewidemxd/dload_page/geolog

y.html, accessed 2 June 2008.

2.5.1-447 Taylor, K.B., R.B. Herrmann, M.W. Hamburger, G.L. Pavlis, A.
Johnston, C. Langer, and C. Lam, "The Southeastern Illinois
Earthquake of 10 June 1987," Seismological Research
Letters, Volume 60, No. 3, pp. 101-110, July - September
1989.

2.5.1-448 Slucher, E.R., E.M. Swinford, G.E. Larson, and D.M. Powers,
"Bedrock Geologic Map of Ohio," Ohio Geological Survey,

Map BG-1, version 6.0, scale 1:500,000, 2006.

2.5.1-449 Armstrong, D.K., and J.E.P. Dodge, "Paleozoic Geology of
Southern Ontario," Ontario Geological Survey, Miscellaneous
Release - Data 219, 2007.

2.5.1-450 Pavey, R.R., R.P. Goldthwait, C.S. Brockman, D.N. Hull, E.M.
Swinford, and R.G. Van Horn, "Quaternary Geology of Ohio,"

Ohio Geological Survey, Map M-2, 1:500,000-scale map and
1:250,000-scale GIS files, 1999.

2.5.1-451 Michigan Department of Natural Resources, "Quaternary
Geology of Michigan," Edition 2.0, digital map, 1998.

2.5.1-452 Ontario Geological Survey, "Quaternary Geology, Seamless

Coverage of the Province of Ontario," Data Set 14, 1997.
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2.5.1-472 Holcombe, T.L., J.S. Warren, L.A. Taylor, D.F. Reid, and C.E.
Herdendorf, "Lakefloor Geomorphology of Western Lake Erie," Joumal of
Great Lakes Research, Vol. 23, No. 2, pp. 190-201, 1987.

2.5.1-473 Great Lakes Dredging Team, "Toledo Harbor Revisited: Changing Open
Water Placement Policy for Western Lake Erie," Case Study Series,
http://www.glc.org/dredging/case/documents/Toledofinal.pdf, 2005,
accessed 18 November 2009.

2.5.1-474 Francy,'D.S., P. Struffolino, A.M.G. Brady, and D.F. Dwyer, "A Spatial
Multivariable Approach for Identifying Proximate Sources of Escherichia
coli to Maumee Bay, Lake Erie, Ontario," U.S. Geological Survey, Open-
File Report 2005-1386, 2005.

2.5.1-475 U.S. Army Corps of Engineers, "Toledo Harbor Ohio Fact Sheet,"
http://www.Ire.usace.army.mil/ETSpubs/HFS/Toledo%2OHarbor.pdf,
accessed 18 November 2009.
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RAI 02.05.01-22

FSAR Section 2.5.1.2.5 states that "The natural slopes are probably not landslide prone;
however, the stability of the lacustrine deposits should be considered in excavation design
(Reference 2.5.1-387) ". Please provide any appropriate references to more detailed discussions
included elsewhere in the FSAR regarding the stability of the lacustrine deposits.

Response

FSAR Section 2.5.4.2.1.1.2 presents the engineering properties and states the following
regarding stability of lacustrine deposits:

"The static engineering properties of lacustrine deposits presented herein are suitable for stability
analysis and design of temporary excavation support systems and slopes, where applicable."

Excavation stability for Fermi 3 is to be addressed by engineering design that incorporates the
material properties of the subsurface materials. FSAR Section 2.5.4.5.2 addresses the need to
consider forces applied to a vertical support system such as the reinforced concrete diaphragm
wall as follows:

"The reinforced concrete diaphragm wall will be reinforced to resist lateral forces applied by the
soils."

Where slopes are within an excavation, FSAR Section 2.5.4.5.3.1 addresses the need to perform
design to assure stable excavation slopes as follows:

"During the project detailed design stage, stability analyses are conducted, as needed, to show
that the excavated temporary slopes have an adequate factor of safety including the effect of
surcharge loading from construction equipment and the effect of groundwater seepage control."

A proposed markup to FSAR section 2.5.1.2.5 refers the reader to FSAR sections that discuss
stability considerations for excavations.

Proposed COLA Revision

A proposed markup to revise FSAR Section 2.5.1.2.5 is attached.

! 
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regarding stability of lacustrine deposits: 

"The static engineering properties of lacustrine deposits presented herein are suitable for stability 
analysis and design of temporary excavation support systems and slopes, where applicable." 

Excavation stability for Fermi 3 is to be addressed by engineering design that incorporates the 
material properties of the subsurface materials. FSAR Section 2.5.4.5.2 addresses the need to 
consider forces applied to a vertical support system such as the reinforced concrete diaphragm 
wall as follows: 

"The reinforced concrete diaphragm wall will be reinforced to resist lateral forces applied by the 
soils." 

Where slopes are within an excavation, FSAR Section 2.5.4.5.3.1 addresses the need to perform 
design to assure stable excavation slopes as follows: 

"During the project detailed design stage, stability analyses are conducted, as needed, to show 
that the excavated temporary slopes have an adequate factor of safety including the effect of 
surcharge loading from construction equipment and the effect of groundwater seepage control." , 

A proposed markup to FSAR section 2.5.1.2.5 refers the reader to FSAR sections that discuss 
stability considerations for excavations. 

Proposed COLA Revision 

A proposed markup to revise FSAR Section 2.5.1.2.5 is attached .. 
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is from 1.2 to 6 m (2 to 10 ft). A minor set of joints trend from N540 to 720

E and dips from 301 to 600 to the northwest. Generally, these joints vary in

length from 0.6 to 3.0 m (1 to 5 ft) but some are as much as 9.1 m (30 ft)

long. Joints of the minor set are more irregular than the major set. Some

minor joints terminate against major joints. Bedding plane joints, which

undulate but are essentially horizontal, are spaced from 15 cm (6 in) to

1.2 m (2 ft) apart. These joints are generally tight but occasionally have

minor openings which are often clay filled. (Reference 2.5.1-417)

During the Fermi 3 subsurface investigation jointing was observed

throughout the Bass Islands Group and Salina Group Unit F. The joints

encountered are opening-mode fractures. The joint density in the Bass

Islands Group and Salina Group Unit F varies from isolated joints to

groups of closely spaced joints referred to on the logs as highly fractured

zones. The existence of joints and fracture zones is confirmed on the

optical televiewer logs; however, the field boring logs have more joints

and fracture zones possibly indicating mechanical breaking of the core

during the drilling process. The orientations vary from horizontal to

vertical with near horizontal and near vertical fractures dominating. The

joint apertures were from tight or hairline up to several inches. Some

joints were filled With anhydrite, calcite, or clay while others had no filling.

A small percentage of joints have weathering along the joint walls or

display minor dissolution (solutioning). Below Salina Group Unit F, the

joint density decreases, and joints are rare in Salina Group Units C and

B, but mineral (anhydrite) filled joints are present even in the deepest

formations.

Joint orientations vary from horizontal to vertical, with near horizontal and

near vertical joints dominating. Optical televiewer logging completed for

the Fermi 3 project determined the presence of low angle (< 45*) bedding

planes, low angle fractures (< 451), and high angle fractures (> 450). The

dominant strike orientations of the bedding planes are north-northeast

and west-northwest. The dominant strike orientations of all fracture

planes are north-northwest and west-northwest. (Reference 2.5.1-418)

2.5.1.2.5 Site Geologic Hazard Evaluation

This section covers the non-seismic geologic hazards in the 40-km

(25-mi) radius site vicinity including landslides and karst. The Landslide

Overview Map of the conterminous United States (Figure 2.5.1-227)

indicates the site vicinity, site area, and site location are in a region of
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is from 1.2 to 6 m (2 to 10ft). A minor set of joints trend from N54° to 72° 

E and dips from 30° to 60° to the northwest. Generally, these joints vary in 

length from 0.6 to 3.0 in (1 to 5 ft) but some are as much as 9.1 m (30 ft) 

long. Joints of the minor set are more irregular than the major set. Some 

minor joints terminate against major joints. Bedding plane joints, which 

undulate but are essentially horizontal, are spaced from 15 cm (6 in) to 

1.2 m (2 ft) apart. These joints are generally tight but occasionally have 

minor openings which are often clay filled. (Reference 2.5.1-417) 

During the Fermi 3 subsurface investigation jointing was observed 

throughout the Bass Islands Group and Salina Group Unit F. The joints 

encountered are opening-mode fractures. The joint density in the Bass 

Islands Group and Salina Group Unit F varies from isolated joints to 

groups of closely spaced joints referred to on the logs as highly fractured 

zones. The existence of joints and fracture zones is confirmed on the 

optical televiewer logs; however, the field boring logs have more joints 

and fracture zones possibly indicating mechanical breaking of the core 
during the drilling process. The orientations vary from horizontal to 

vertical with near horizontal and near vertical fractures dominating. The 

joint apertures were from tight or hairline up to several inches. Some 

joints were filled with anhydrite, calcite, or clay while others had no filling. 

A small percentage of joints have weathering along the joint walls or 

display minor dissolution (solutioning). Below Salina Group Unit F, the 

joint density decreases, and joints are rare in Salina Group Units C and 

B, but mineral (anhydrite) filled joints are present even in the deepest 

formations. 

Joint orientations vary from horizontal to vertical, with near horizontal and 

near vertical joints dominating. Optical televiewer logging completed for 

the Fermi 3 project determined the presence of low angle « 45°) bedding 

planes, low angle fractures « 45°), and high angle fractures (> 45°). The 

dominant strike orientations of the bedding planes are north-northeast 

and west-northwest. The dominant strike orientations of all fracture 

planes are north-northwest and west-northwest. (Reference 2.5.1-418) 

2.5.1.2.5 Site Geologic Hazard Evaluation 

This section covers the non-seismic geologic hazards in the 40-km 

(25-mi) radius site vicinity including landslides and karst. The Landslide 

Overview Map of the conterminous United States (Figure 2.5.1-227) 

indicates the site vicinity, site area, and site location are in a region of 
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The stability considerations for
excavations are addressed in
Subsections 2.5.4.2.1.1.2,
2.5.4.5.2, and 2.5.4.5.3.1.

moderate landslide susceptibility. The susceptibility is based on the

presence of lacustrine deposits (lake beds). The (8-km [5-mi ] radius) site
area has a maximum relief of 10.7 m (35 ft) (Subsection 2.5.1.2.1) and is
best described as relatively flat with no steep slopes. The lacustrine
deposits in the (1-km [0.6-mi] radius) site location are up to 3-m (9-ft)
thick. The natural slopes are probably not landslide prone; however, the
stability of the lacustrine deposits should be considered in excavation
design (Reference 2.5.1-387). 1

The National Atlas Map showing the Engineering Aspects of Karst
indicates the site vicinity, site area, and site location are in an area that
can have fissures, tubes, and caves up to 300-m (1,000-ft) long below at
least 3 m (10 ft) of noncarbonate overburden (Figure 2.5.1-228)
(Reference 2.5.1-388). Davies et al. (Reference 2.5.1-988) emphasize
that active karst in adjacent areas of northwestern Ohio occurs in areas
where the noncarbonate overburden is less than 6-m (20-ft) thick. In the
1-km (0.6-mi) radius site location, the combined thickness of the till and
lacustrine deposits is over 6 m (20 ft), indicating that the probability for

karst is low.

Several sinkholes have been mapped in southwestern and southern

Monroe County (Bedford, Whiteford, and Ida Townships). At least seven
sinkholes are located in Devonian-age Detroit River group, which is
outside the 8-kmn (5-mi) radius site area. Two sinkholes are in the Bass
Islands Group. No sinkholes are in the (8-km [5-mi] radius) site area.
(Reference 2.5.1-419; Reference 2.5.1-389; Reference 2.5.1-420)

Subsection 2.5.1.2.3.1.2.1 discussed breccias and soft zones and
potential explanations for their presence at the site. The formation of
paleokarst was indicated as a possible reason for breccias and soft
zones, with paleokarst episodes related to the dissolution of evaporite
minerals, primarily halite and gypsum (Reference 2.5.1-392;

Reference 2.5.1-397). Since no halite exists at the site and only minor
amounts (nodule fillings and beds less than 3 cm [0.1 ft]) of gypsum and

anhydrite exist in the Bass Islands Group and in Salina Group Unit F, the
potential for modern evaporite karst is small.

ThIe presence of voids was evaluated and discussed in Subsection
2.5.1.2.3 for applicable stratigraphic units.
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moderate landslide susceptibility. The susceptibility is based on the 

presence of lacustrine deposits (lake beds). The (8-km [5-mi ] radius) site 
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stability of the lacustrine deposits should be considered in excavation 

design (Reference 2.5.1-387)., 

The National Atlas Map showing the Engineering Aspects of Karst 

indicates the site vicinity, site area, and site location are in an area that 

can have fissures, tubes, and caves up to 300-m (1,000-ft) long below at 

least 3 m (10ft) of noncarbonate overburden (Figure 2.5.1-228) 
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1-km (0.6-mi) radius site location, the combined thickness of the till and 
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Monroe County (Bedford, Whiteford, and Ida Townships). At least seven 

sinkholes are located in Devonian-age Detroit River group, which is 

outside the 8-km (5-mi) radius site area. Two sinkholes are in the Bass 
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paleokarst was indicated as a possible reason for breccias and soft 
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anhydrite exist in the Bass Islands Group and in Salina Group Unit F, the 

potential for modern evaporite karst is small. 

The presence of voids was evaluated and discussed in Subsection 

2.5.1.2.3 for applicable stratigraphic units. 
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FSAR Table 2.5.1-201 (Sheet 13) states that the Burning Springs Anticline (BSA)
(discussed in FSAR Section 2.5.1.1.4.3.2.4) exhibits "only folding in Late Silurian Salina
Group and younger strata." This implies that post-Silurian strata are folded and that the
BSA could still be active. Please clarify this description to include the geologic
constraints that define when deformation on the BSA ceased

Response

The latest stage of deformation on the Burning Springs Anticline involved folding of
Silurian through Pennsylvanian-Permian sedimentary rocks associated with Alleghenian
deformation (Reference 2.5.1-336; Reference 2.5.1-337). A proposed revision to the
FSAR text will clarify the timing of the youngest folding on the Burning Springs
Anticline. Based on surficial geologic maps, the oldest unfaulted deposits mapped across
the Burning Springs Anticline are middle Pleistocene to, Holocene colluvium and Late
Wisconsinan to Holocene alluvium (Reference 2.5.1-207). Table 2.5.1-201 will be
modified in a future revision to the FSAR as outlined in the Response to RAI 02.05.01-7
to describe the ages of the oldest unfaulted deposits mapped across the Burning Springs
Anticline.

Proposed COLA Revision

A proposed markup to revise the second paragraph in FSAR Section 2.5.1.1.4.3.2.4 is
attached.
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FSAR Table 2.5.1-201 (Sheet 13) states that the Burning Springs Anticline (BSA) 
(discussed in FSAR Section 2.5.1.1.4.3.2.4) exhibits "only folding in Late Silurian Salina 
Group and younger strata. " This implies that post-Silurian strata are folded and that the 
BSA could still be active. Please clarifY this description to include the geologic 
constraints that define when deformation on the BSA ceased. 
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The latest stage of deformation on the Burning Springs Anticline involved folding of 
Silurian through Pennsylvanian-Permian sedimentary rocks associated with Alleghenian 
deformation (Reference 2.5.1-336; Reference 2.5.1-337). A proposed revision to the 
FSAR text will clarify the timing of the youngest folding on the Burning Springs 
Anticline. Based on surficial geologic maps, the oldest unfaulted deposits mapped across 
the Burning Springs Anticline are middle Pleistocene to Holocene colluvium and Late 
Wisconsinan to Holocene alluvium (Reference 2.5.1-207). Table 2.5.1-201 will be 
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to describe the ages of the oldest unfaulted deposits mapped across the Burning Springs 
Anticline. 

Proposed COLA Revision 
, 

A proposed markup to revise the second paragraph in FSAR Section 2.5.1.1.4.3.2.4 is 
attached. 

) 



Attachment 5 to
NRC3-10-0002
Page 3

Markup of Detroit Edison COLA
(following 2 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response
in a future submittal of the Fermi 3 COLA. However, the same COLA content may be
impacted by revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA
changes, plant design changes, editorial or typographical corrections, etc. As a result, the
final COLA content that appears in a future submittal may be different than presented
here.

Attachment 5 to 
NRC3-10-0002 
Page 3 

Markup of Detroit Edison COLA 
(following 2 pages) 

The following markup represents how Detroit Edison intends to reflect this RAI response 
in a future submittal of the Fermi 3 COLA. However, the same COLA content may be 
impacted by revisions to the ESBWR DCD, responses to other COLA RAls, other COLA 
changes, plant design changes, editorial or typographical corrections, etc. As a result, the 
final COLA content that appears in a future submittal may be different than presented 
here. . 



Fermi 3
Combined License Application

Part 2: Final Safety Analysis Report

depth of 10 - 15 km (6 - 9 mi) in Precambrian basement rocks near

Potterville, approximately 21 km (12.6 m) southwest of Lansing, Michigan

and approximately 130 km (90 mi) northwest of Fermi 3

(Reference 2.5.1-334). Faust et al. (Reference 2.5.1-334) suggest that

this earthquake was on a hypothetical fault associated with a northwest

extension of the Lucas-Monroe fault, or possibly on a shallow dipping

feature associated with the MRS /MMGH. Structure contour maps of

Paleozoic units (e.g., see Figure 2.5.1-225) do not support the

Lucas-Monroe fault extension hypothesis. Because the epicenter and

zone of intense shaking of this earthquake are approximately 25 km (15.5

mi) southwest of and not coincident with the southwest margin of the

MRS /MMGH (Reference 2.5.1-334), it is unlikely that the earthquake is

associated with this structure.

2.5.1.1.4.3.2.4 Burning Springs Anticline/Fault - Cambridge
Arch/Fault

The Burning Springs anticline/fault and Cambridge arch/fault comprise a

narrow zone of recurrent Paleozoic faults in the cores of anticlinal

structures embedded in the Precambrian Grenville province about 100
km (60 mi) east of the Grenville Front (Reference 2.5.1-336) (Figure

2.5.1-203). The zone trends north to south in northern West Virginia and

extends N20°W across Ohio to Lake Erie, a total distance of

approximately 350 km (213 mi).

The southern segment of the zone in northern West Virginia is termed the

Burning Springs anticline and has a length of approximately 50 km (30

mi) up to about 150 km (91 mi) if the Mann Mountain anticline south of

the Burning Springs anticline is included. Near the Ohio River the

structure loses definition and appears to step en-echelon to the teft ,,T1

toward splays of the southeast end of the Cambridge arch Lst
(Reference 2.5.1-336). Between the structures at the Ohio River is an

approximately 16-km (10-mi) break. The structure is present in the
Precambrian unconformity surface as an east-side-down normal fault.

(Reference 2.5.1-237) Paleozoic displacement on the structure included:

(1) reactivation of older basement faults during the Silurian which created

an evaporite basin east of the structure, (2) displacement during

deposition of Devonian through Permian units, and (3)

northwest-directed Alleghanian orogeny thrusting on decollements in the

Salina salt units, which created ramp faults and a system of imbricate

thrusts in the cores of anticlines (Reference 2.5.1-336). Seismic data
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depth of 10 - 15 km (6 - 9 mi) in Precambrian basement rocks near 
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this earthquake was on a hypothetical fault associated with a northwest 

extension of the Lucas-Monroe fault, or possibly on a shallow dipping 

feature associated with the MRS /MMGH. Structure contour maps of 
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The Burning Springs anticline/fault and Cambridge arch/fault comprise a 

narrow zone of recurrent Paleozoic faults in the cores of anticlinal 

structures embedded in the Precambrian Grenville province about 100 

km (60 mi) east of the Grenville Front (Reference 2.5.1-336) (Figure 

2.5.1-203). The zone trends north to south in northern West Virginia and 

extends N200W across Ohio to Lake Erie, a total distance of 

approximately 350 km (213 mi). 

The southern segment of the zone in northern West Virginia is termed the 

Burning Springs anticline and has a length of approximately 50 km (30 

mi) up to about 150 km (91 mi) if the Mann Mountain anticline south of 

the Burning Springs anticline is included. Near the Ohio River the 

structure loses definition and appears to step en-echelon to the~~ 
west 

toward splays of the southeast end of the Cambridge arch 
(Reference 2.5.1-336). Between the structures at the Ohio River is an 

approximately 16-km (10-mi) break. The structure is present in the 

Precambrian unconformity surface as an east-side-down normal fault. 

(Reference 2.5.1-237) Paleozoic displacement on the structure included: 

(1) reactivation of older basement faults during the Silurian which created 

an evaporite basin east of the structure, (2) displacement during 

deposition of Devonian through Permian units, and (3) 

northwest-directed Alleghanian orogeny thrusting on decollements in the 
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thrusts in the cores of anticlines (Reference 2.5.1-336). Seismic data 
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across the Burning Springs anticline shows a steep, east-dipping normal,

east-side-down fault extending from the basement into the lower Middle

Devonian Onondaga Limestone (Reference 2.5.1-336). At least 300 m

(1,000 ft) of displacement is present on the base of the Cambrian,

decreasing to approximately 250 m (820 ft) at the base of the Onondaga

Limestone (Reference 2.5.1-336). Anticline folding is dominant in Upper

Silurian Salina Group through Pennsylvanian-Permian units ]
~(Reference 2.5.1-336)I

The northern segment of the zone in Ohio is termed the Cambridge arch

and has a length of approximately 100 km (60 mi). The N20' W trending

structure is a fault-bounded arch (horst) about 1.5 km (0.9 mi) wide with a

half graben (Parkersburg-Lorain syncline) on the west that splays into

three arches at the Ohio River. The bounding normal faults dip 80*

southwest and northeast, respectively. Some right-lateral slip may have

occurred at the north end of the arch. Maximum structural relief is

approximately 80 m (262 ft) on the Devonian Onondaga Limestone. The

latest Early Carboniferous Berea Sandstone has 52 m (170 ft) of offset at

the south end of the segment and 45 m (148 ft) of offset at the north end

in an outcrop near Lake Erie. Offsets at the intersection of the COCORP

OH-2 line are 37 m (121 ft) on the Precambrian unconformity surface, 18

m (59 ft) on the Silurian Packer Shell horizon, and 27 m (88 ft) on the

latest Early Mississippian Berea Sandstone (Reference 2.5.1-336;

Reference 2.5.1-237).

Although the Burning Springs anticline/fault and Cambridge arch/fault are

aligned and have similarities, they probably should not be considered the

same structure. There is a 16-km (10-mi) break between the structures at

the Ohio River, and the structure contour map on the Precambrian

unconformity surface (Reference 2.5.1-237) shows cross faults in this

area between the structures. In addition, the characteristics of the

structures are different and the magnitude of displacement on the

Burnings Springs anticline/fault is significantly greater than on the

Cambridge arch/fault. At their closest, Burning Springs anticline/fault is

approximately 327 km (203 mi) east and the Cambridge arch/fault is

approximately 118 km (73 mi) southeast of Fermi 3 (Figure 2.5.1-203)

2.5.1.1.4.3.2.5 Chatham Sag and Electric Fault

The Chatham sag and associated Electric fault are subsurface structures

in southwestern Ontario, Canada. The east-west-trending Chatham sag,

one of several major inlets into the Michigan basin, formed by the mutual
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Limestone (Reference 2.5.1-336). Anticline folding is dominant in Upper 
Silurian Salina Group through Pennsylvanian-Permian units J 

Reference 2.5.1-336 
The northern segment of the zone in Ohio is termed the Cambridge arch 

and has a length of approximately 100 km (60 mi). The N20° W trending 

structure is a fault-bounded arch (horst) about 1.5 km (0.9 mi) wide with a 

half graben (Parkersburg-Lorain syncline) on the west that splays into 

three arches at the Ohio River. The bounding normal faults dip 80 0 

southwest and northeast, respectively. Some right-lateral slip may have 

occurred at the north end of the arch. Maximum structural relief is 

approximately 80 m (262 ft) on the Devonian Onondaga Limestone. The 

latest Early Carboniferous Berea Sandstone has 52 m (170 ft) of offset at 

the south end of the segment and 45 m (148 ft) of offset at the north end 

in an outcrop near Lake Erie. Offsets at the intersection of the COCORP 

OH-2 line are 37 m (121 ft) on the Precambrian unconformity surface, 18 

m (59 ft) on the Silurian Packer Shell horizon, and 27 m (88 ft) on the 

latest Early Mississippian Berea Sandstone (Reference 2.5.1-336; 

Reference 2.5.1-237). 

Although the Burning Springs anticline/fault and Cambridge arch/fault are 

aligned and have similarities, they probably should not be considered the 

same structure. There is a 16-km (10-mi) break between the structures at 

the Ohio River, and the structure contour map on the Precambrian 
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RAI 02.05.01-26

FSAR Figure 2.5.1-23 7 shows the cross-section of a syncline that underlies the Fermi Site. The
cross section reveals a topographic low above the syncline axis that is filled with postglacial
lacustrine deposits. These relations imply that the underlying glacial till was subject to
postlacustrine folding. Please explain this apparent deformation of the glacial till and (or)
thickness changes as depicted in FSAR Figure 2.5.1-23 7. Please explain if the overlying
lacustrine deposits are deformed?

Response

Geologic cross section A-A' presented on FSAR Figure 2.5.1-237 extends from the south to
north extremes of the Fermi site and in the area of Fermi 3 does not include all the borings along
the cross section alignment, as the figure would be unusable in the area of Fermi 3 if all the
borings were included. Therefore, geologic cross section C-C' on FSAR Figure 2.5.1-239 was
provided in the FSAR. Geologic cross section C-C' follows essentially the same alignment as
geologic cross section A-A'; however, geologic cross section C-C' focused on the Fermi 3 area
and includes all the borings along the cross section alignment. Figure 1 shows the alignment of
geologic cross sections A-A' and C-c'.

The "topographic low" in the contact between the lacustrine deposits and glacial till mentioned
in RAI 02.05.01-26 is not present on the more detailed geologic cross section C-C'. Rather
geologic cross section C-C' shows that the contact between the lacustrine deposits and the glacial
till is irregular and does not match the more uniform curvature seen in the oolitic and black shale
marker horizons in the Bass Islands Group. The irregularity of the contact and the lack of a
match with the folding in the Bass Islands Group indicate that no evidence of post-lacustrine
folding exists at the Fermi site.

f
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Figure 1 Map Showing the Relative Locations of FSAR Geologic Cross Sections
A-A' and C-C'
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RAI 02.05.02-05

FSAR Section 2.5.2.5.1.2 discusses soil dynamic properties for the Fermi site. Please
justify your position that soils (claystones with Vs of approximately 3000 ft/s) at the
Fermi site would behave linearly under the local strain conditions. In addition, explain
why you used Vucetic and Dorby's clay dynamic property, instead of site-specific
modulus and damping curves to represent the soil non-linear behavior for the glacial till.
Please provide the basis for the FSAR statement that "lean concrete backfill was
assumed to remain linear for shear strain less than 0. 01 percent and then exhibit a mild
degree of nonlinearity at high strains."

Response

The response is divided to respond to the three requests contained in the RAI. For clarity,
the responses are designated as (A), (B), and (C).

(A) "Pleasejustify your position that soils (claystones with Vs of approximately 3000
ft/s) at the Fermi site would behave linearly under the local strain conditions."

Fermi 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states:

"The remaining portion of the GMRS profile consists of dolomites and claystones
with shear wave velocities in excess of 3,000 fps. This material is expected to
remain essentially linear at the levels of shaking defined by the rock hazard."

The low strain median shear wave velocity for Salina Unit F is 3,350 to 4,050 ft/sec
(FSAR Table 2.5.2-220). The classification of soft rock typically implies average shear
wave velocities of 1,000 to 1,700 ft/sec (Reference 1, Campbell and Bozorgnia, 2003)
that are approximately half of the Salina Unit F median shear wave velocities.

Fermi 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states:

"Silva et al. (Reference 2.5.2-286), as modified by Silva (Reference 2.5.2-287),
proposed modulus reduction and damping relationships for soft rock that have
low-strain damping values on the order of 3 percent. These would be expected to
apply to relatively low velocity rocks. The Salina Group Unit F layer at the Fermi
site is perhaps in the upper range of soft rock velocities. A set of modulus
reduction and damping relationships used by EPRI (Reference 2.5.2-285) to
model the behavior of soft rock that has low-strain damping values on the order of
1 percent or less."

Figure 1 shows the relationships developed by Silva et al. and EPRI for the depth range
of about 100 ft and greater.

Attachment 7 to 
NRC3-10-0002 
Page 2 

RAI 02.05.02-05 

FSAR Section 2.5.2.5.1.2 discusses soil dynamic properties for the Fermi site. Please 
justify your position that soils (claystones with Vs of approximately 3000 fils) at the· 
Fermi site would behave linearly under the local strain conditions. In addition, explain 
why you used Vucetic and Dorby 's clay dynamic property, instead of site-specific 
modulus and damping curves to represent the soil non-linear behavior for the glacial till. 
Please provide the basis for the FSAR statement that "lean concrete baclifzll was 
assumed to remain linear for shear strain less than 0.01 percent and then exhibit a mild 
degree of nonlinearity at high strains. " 

Response 

The response is divided to respond to the three requests contained in the RAJ. For clarity, 
the responses are designated as (A), (B), and (C). 

(A) "Please justify your position that soils (claystones with Vs of approximately 3000 
fils) at the Fermi site would behave linearly under the local strain conditions. " 

Fenni 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states: 

"The remaining portion of the GMRS profile consists of dolomites and claystones 
with shear wave velocities in excess of 3,000 fps. This material is expected to 
remain essentially linear at the levels of shaking defined by the rock hazard." 

The low strain median shear wave velocity for Salina Unit F is 3,350 to 4,050 ft/sec 
(FSAR Table 2.5.2-220). The classification of soft rock typically implies average shear 
wave velocities of 1,000 to 1,700 ft/sec (Reference 1, Campbell and Bozorgnia, 2003) 
that are approximately half of the Salina Unit F median shear wave velocities. 

Fenni 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states: 

"Silva et al. (Reference 2.5.2-286), as modified by Silva (Reference 2.5.2-287), 
proposed modulus reduction and damping relationships for soft rock that have 
low-strain damping values on the order of 3 percent. These would be expected to 
apply to relatively low velocity rocks. The Salina Group Unit F layer at the Fermi 
site is perhaps in the upper range of soft rock velocities. A set of modulus 
reduction and damping relationships used by EPRl (Reference 2.5.2-285) to 
model the behavior of soft rock that has low-strain damping values on the order of 
1 percent or less." 

Figure 1 shows the relationships developed by Silva et al. and EPRI for the depth range 
of about 100 ft and greater. 



Attachment 7 to
NRC3-10-0002
Page 3

FSAR Figure 2.5.2-271 shows the calculated median (50th percent) shear strains in Salna
Unit F are less than approximately 0.002 percent for the 10-4 level of input motion and
FSAR Figure 2.5.2-272 shows the calculated median (50 th percent) shear strains are less
than approximately 0.006 percent for the 10-5 level of input motion. The range of
effective shear strains for the 10-5 loading level (both high frequency and low frequency
input motions) is shown at the top of Figure 1. From this comparison it is seen that at the
strains estimated in the Fermi 3 FSAR, limited shear modulus reduction will occur.
Therefore, as the shear wave velocity of Salina Unit F is at the upper range or greater
than the typical shear wave velocity for soft rock, it is expected that Salina Unit F will
exhibit somewhat more linear behavior than displayed by the relationships shown on
Figure 1.

On this basis, a linear response under site earthquake loading was used for Salina Unit F.
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Figure 1 - Shear modulus reduction and damping relationships for soft rock. Indicated at
the top of the figure is the range in computed shear strains from the site response analyses
for the 10-5 level of high frequency and low frequency input motion.

Reference

Campbell, K.W., and Y. Bozorgnia, 2003, Updated Near-Source Ground-Motion
(Attenuation) Relations for the Horizontal and Vertical Components of Peak Ground
Acceleration and Acceleration Response Spectra, Bulletin of the Seismological Society
of America, Vol. 93, pp. 314-331

(B) "... explain why you used Vucetic and Dorby's clay dynamic property, instead of
site-specific modulus and damping curves to represent the soil non-linear behavior for
the glacial till.

Fermi 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states:

"The top layer of the GMRS analysis profile consists of glacial till. The average
plasticity index (PI) of this material is 14. As discussed in Subsection 215.4.7.5, a
representative set of modulus reduction and damping relationships for this
material were selected to be those developed by Vucetic and Dobry (Reference
2.5.2-281) for clays with a PI of 15. These relationships are shown on Figure
2.5.2-256. The curves developed by Vucetic and Dobry (Reference 2.5.2-281) are
based in large part on remolded samples. In order to account for possible aging
effects producing more linear behavior in the till, a second set of modulus
reduction and damping relationships were also used. These consist of the Vucetic
and Dobry (Reference 2.5.2-281) relationships for clays with a PI of 50 and are
shown on Figure 2.5.2-256. The laboratory test results presented in Subsection
2.5.4.7.5 fall within the range of these two published relationships and within the
range of randomized modulus reduction and damping relationships used in the
site response analyses."

The site response analyses for the Fermi 3 site were conducted prior to completion of the
laboratory dynamic testing performed on the glacial till; therefore, the shear modulus
reduction and damping relationships for the glacial till used in the site response analyses
were selected from literature. The plasticity index (PI) = 15 shear modulus reduction and
damping versus strain relationships published by Vusetic and Dobry
(Reference 2.5.2-281) were used based on the classification of the till as a low-plasticity
clay (average PI = 14). To account for the potential aging effects in the till and to
evaluate sensitivity, a second set of more linear shear modulus reduction and damping
versus strain relationships for PI = 50 published by Vusetic and Dobry
(Reference 2.5.2-281) were also used in the site response analysis. The results of the site
response analyses indicate that the site amplification values are relatively insensitive to
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(Reference 2.5.2-281) were also used in the site response analysis. The results of the site 
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the choice between the relationships for clay with PI=15 and PI=50, as stated-in the
following excerpt from Fermi 3 FSAR, Revision 1, Section 2.5.2.5.2:

"Figure 2.5.2-268 shows the effect of the alternative property curves assigned to
the glacial till on the mean amplification for the GMRS profile. The difference in
the high-frequency amplification computed using the two sets of modulus
reduction and damping is generally in the range of 5 to 8 percent."

Subsequent to completion of the site response analyses, dynamic test results were
obtained for the glacial till, which are presented in FSAR Section 2.5.4 on
Figure 2.5.4-226. FSAR Figures 2.5.2-261 and 2.5.2-262 show the following for PI = 15
and PI = 50:

* Published Vusetic and Dobry shear modulus reduction and damping versus strain
relationships.

* Corresponding randomized shear modulus reduction and damping relationships
used in the site response analyses.

Attached Figures 2 and 3 overlay the dynamic test results for the glacial till from FSAR
Figure 2.5.4-226 on the published and randomized shear modulus reduction and damping
relationships from FSAR Figures 2.5.2-261 and 2.5.2-262. The individual symbols on
Figures 2 and 3 denote individual test results, with the blue and red colors indicating the
confining pressures of 10 and 45 psi, respectively. The solid and open symbols are test
results from resonant column (RC) and torsional shear (TS) testing, respectively. Shown
at the top of Figures 2 and 3 are the range of shear strains computed in the site response
analyses for the 10-5 level of high frequency input motion (FSAR Figure 2.5.2-272). The
strains for only the high frequency input motions are shown because the limited thickness
of till affects primarily the high frequency response of the site.

For the shear strains computed in the site response, the laboratory test results fall within
the range of the published modulus reduction and damping relationships for PI = 15 and
PI = 50, and within the range of the randomized modulus reduction and damping
relationships used in the site response analyses. On the basis of the consistency of the
laboratory test results with the selected shear modulus and damping relationships, and the
limited sensitivity of the computed response for the PI = 15 and PI = 50 relationships, it
is concluded that the response of the glacial till at the Fermi 3 site is appropriately
modeled using the published Vusetic and Dobry (FSAR Reference 2.5.2-281)
relationships.
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Figure 2 - PI = 15: Shear modulus reduction and damping relationships from FSAR
Figure 2.5.2-261 used for glacial till in site response analyses compared to dynamic
laboratory test results. Indicated at the top of the figure is the range in computed shear
strains from the site response analyses for the 10-5 level of high frequency input motion.
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Figure 2 - PI = 15: Shear modulus reduction and damping relationships from FSAR 
Figure 2.5.2-261 used for glacial till in site response analyses compared to dynamic 
laboratory test results. Indicated at the top of the figure is the range in computed shear 
strains from the site response analyses for the 10-5 level of high frequency input motion. 
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Figure 3 - PI = 50: Shear modulus reduction and damping relationships from FSAR
Figure 2.5.2-262 used for glacial till in site response analyses compared to dynamic
laboratory test results. Indicated at the top of the figure is the range in computed shear
strains from the site response analyses for the 10-5 level of high frequency input motion.
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(C) "Please provide the basis for the FSAR statement that "lean concrete backfill was
assumed to remain linear for shear strain less than 0. 01 percent and then exhibit a mild
degree of nonlinearity at high strains."

Fermi 3 FSAR, Revision 1, Section 2.5.2.5.1.2, states:

"The dynamic properties of the lean concrete backfill were assessed based on test
data on the dynamic properties of low strength concrete mixtures in Hasek
(Reference 2.5.2-288). The shear modulus of the materials tested was in the range
of 25,000 to 59,000 psi (Reference 2.5.2-288). Using a bulk density of 145 pcf,
this translates into a range in shear wave velocity of about 900 to 1400 fps. The
low-strain damping ratios from these tests were in the range of 1.5 to 2.5 percent
(Reference 2.5.2-288). The planned shear wave velocity for the lean concrete
backfill is on the order of three to four times that of the test samples given in
Hasek (Reference 2.5.2-288). The assumption above that Qs is proportional to
velocity suggests that a fourfold increase in velocity should translate into a four
fold decrease in damping. Therefore, the low-strain damping in the lean concrete
backfill was assumed to be 0.5 percent. The lean concrete backfill was assumed to
remain linear for shear strains less than 0.01 percent and then exhibit a mild
degree of nonlinearity at higher strains. The assumed modulus reduction and
damping relationships are shown on Figure 2.5.2-256."

Figure 4 shows the dynamic test results for low strength concrete published by Hasek
(FSAR Reference 2.5.2-288). Hasek (FSAR Reference 2.5.2-288, Table 12-1) reports a
design shear wave velocity of 1,400 feet per second, consistent with the values computed
from the reported shear modulus values.

Fermi 3 FSAR, Revision 1, Section 2.5.4.5.4.2 states:

"The lean concrete fill will have a mean 28-day compressive strength of equal to,
or greater than, 2000 psi with a mean shear wave velocity of equal to, or greater
than, 3600 ft/s."

For a bounding site response analysis, a lower bound shear wave velocity was developed
using a lower bound unconfined compressive strength of 300 psi, which is less than the
required 2,000 psi in the FSAR (Refer to response to RAI 02.05.04-16). Therefore, the
minimum 2,000 psi lean concrete that will actually be placed below the FWSC will have
a shear wave velocity greater than 3,600 feet per second. Using the lower bound shear
wave velocity of 3,600 feet per second, the lean concrete backfill shear wave velocity is
approximately three to four times that of the samples tested by Hasek (FSAR
Reference 2.5.2-288). The increased shear wave velocity of the lean concrete
corresponds to an order of magnitude increase in shear modulus over the low strength
concrete based on Hasek (FSAR Reference 2.5.2-288) (The shear modulus is
proportional to velocity squared, thus a factor of 3 to 4 increase in velocity corresponds to
a factor of 9 to 16 increase in modulus.). The much higher strength and shear wave
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velocity of the lean concrete backfill results in a material significantly stiffer than the low
strength concrete tested by Hasek (FSAR Reference 2.5.2-288).

The shear wave velocity of 3,600 feet per second is in the range of the median shear wave
velocities for Salina Unit F, which is greater than twice the shear wave velocity of soft
rock indicated in Response (A) for this RAI (Reference 1, Campbell and Bozorgnia,
2003). The estimated modulus reduction relationship for the lean concrete backfill
presented in FSAR Figure 2.5.2-256 was constructed based on the higher shear wave
velocity lean concrete behaving more linearly than lower shear wave velocity soft rock.
Therefore the onset of nonlinear behavior was placed at an effective shear strain of 0.01
percent, which is approximately one order of magnitude higher than the strains at the
onset of nonlinear behavior for the soft rock curves shown on Figure 1 (approximately
0.001 to 0.003 percent). The Fermi 3 FSAR, Revision 1, Section 2.5.2.5.1.2 quoted at the
beginning to this part (C) response states:

"The assumption above that Qs is proportional to velocity suggests that a fourfold
increase in velocity should translate into a four fold decrease in damping.
Therefore, the low-strain damping in the lean concrete backfill was assumed to be
0.5 percent."

The shape of the damping curve for the lean concrete backfill was also shifted to have the
onset of non-linear behavior occur at an effective strain of 0.01 percent consistent with
the onset of non-linear behavior in the shear modulus reduction curve.

The results of the site response analyses for the foundation input response spectra (FIRS)
using the Firewater Service Complex profile, show the computed strains in the lean
concrete backfill are generally less than 0.003 percent, which is within the range of
strains where Salina Unit F is considered to behave linearly, The resultant estimated
modulus reduction and damping relationships for the lean concrete are also essentially
linear at this strain level.
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RAI 02.05.02-06

FSAR Section 2.5.2.4.4.3 indicates that you used Baker and Cornell's response spectral
correlation method to extrapolate spectral shapes. However, the Baker and Cornell
method used worldwide recordings from both the NEHRP B/C type soil boundary and the
first story of structures. Please explain 1) why thefreefield and first story recordings can
be mixed together to predict the correlation, and 2) why the correlation from the B/C
boundary can be used to represent the other soil types;

Response

Fermi 3 FSAR, Revision 1, Section 2.5.2.4.4.3, states:

"Smooth response spectra were developed to represent each of the reference and
DEs listed in Table 2.5.2-219. These spectra were developed using the EPRI
(Reference 2.5.2-259) median ground motions models, the EPRI (Reference
2.5.2-267) aleatory variability models, and the spectral shape functions for CEUS
ground motions presented in McGuire et al. (Reference 2.5.2-270)."

"The DEs are intended to represent the motions from earthquakes that are
contributing to the hazard in a specific frequency range, either I to 2.5 Hz (LF) or
5 to 10 Hz (HF) for the purpose of computing site amplification functions. The
development of the appropriate spectral shapes for the DEs uses the concept of
the conditional mean spectrum developed by Baker and Cornell (Reference 2.5.2-
271). The conditional mean spectrum is defined as the expected earthquake
spectrum given that the spectral acceleration matches a specific value at a specific
frequency....."

"Baker and Cornell developed a model for the correlation. coefficient between
spectral accelerations at any twofrequencies (Reference 2.5.2-271). Their model
covered the frequency range of 0.2 to 20 Hz. Baker and Jayaram (Reference
2.5.2-272) have extended the Baker and Cornell (Reference 2.5.2-273) model to
cover the frequency range of 0.1 to 100 Hz."

"This extended model was used to compute conditional mean spectra for the
DEs."

Development of conditional mean response spectra following the method of Baker and
Cornell (Reference 2.5.2-271) requires a model for the correlation between response
spectral amplitudes at different spectral periods. The correlation model used to construct
the conditional mean response spectra developed in FSAR Section 2.5.2.4.4.3 was that
published by Baker and Jayaram (FSAR Reference 2.5.2-272). This model was
developed by examining the correlation in the data used to develop the Pacific
Earthquake Engineering Research (PEER) Center's Next Generation Attenuation (NGA)
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ground motion prediction equations (GMPE) developed by Abrahamson and Silva
(FSAR Reference 2.5.2-275), Boore and Atkinson (FSAR Reference 2.5.2-276),
Campbell and Bozorgnia (Reference 2.5.2-277), and Chiou and Youngs (FSAR
Reference 2.5.2-278). Specifically Baker and Jayaram used the residuals (natural log of
the ratio [observed / predicted ground motion]) for each of the four NGA GMPEs they
studied.

(1) The four NGA developers included recordings from instrument shelters and first story
recordings in small buildings (i.e. one to two story light structures without basements) in
their data sets used to develop ground motion models for free field conditions. The
developers do not explicitly state that recordings in small buildings are representative of
free field motions. However, they did indicate that recordings in larger buildings are not
representative of free field conditions and excluded such recordings from their data sets.
It is common practice to include recordings from the first floor of small buildings in data
sets used to develop empirically-based free field ground motion models (e.g. Reference I
Boore et al., 1997; Reference 2 Campbell, 1997; Reference 3 Campbell and Bozorgnia,
2003; Reference 4 Sadigh et al., 1997, Reference 5 Spudich et al.; 1997). Because the
NGA developers considered the recordings from the first floor of small buildings to be
free field recordings, they are considered appropriate for use in assessing the correlation
model.

(2) The correlation model developed by Baker and Jayaram (FSAR Reference 2.5.2-272)
used all of the residuals resulting from the NGA GMPE development, not just those for
the B/C boundary sites. Thus the correlation model is not specific to the B/C boundary
conditions. As indicated in Baker and Jayaram's (FSAR Reference 2.5.2-272) Figure 3,
the correlation in residuals is very similar for the four NGA GMPE's. These models were
developed using different subsets of the PEER NGA database and thus represent different
mixtures of site conditions. These results, suggest that the correlation is not greatly
sensitive to site subsurface conditions.

References

1. Boore, D.M., Joyner, W.B., and Fumal, T.E., 1997, Equations for estimating
horizontal response spectra and peak acceleration from western North American
earthquakes-A summary of recent work: Seismological Research Letters, v. 68, p.
128-153.

2. Campbell, K.W., 1997, Empirical near-source attenuation relationships for
horizontal and vertical components of peak ground acceleration, peak ground
velocity, and pseudo-absolute acceleration response spectra: Seismological
Research Letters, v. 68, p. 154-179.

3. Campbell, K.W., andY. Bozorgnia, 2003, Updated near-source ground-motion
(attenuation) relations for the horizontal and vertical components of peak ground
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Proposed COLA Revision

None
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regimes: Seismological Research Letters, v. 68, no. 1, p. 190-198. 

Proposed COLA Revision 
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None 
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RAI 02.05.03-02

FSAR Section 2.5.3.1 indicates that field and aerial reconnaissance studies were done to
examine known faults in the site vicinity. In addition, FSAR Section 2.5.3.4 states that
"no evidence ofpaleoliquefaction is reported in the, literature or was observed within the
site vicinity or site region. "However, in the central and eastern US. (CEUS), large
historical earthquakes tend not to produce surface rupture but are expressed in the
geologic record by liquefaction features. Most evidence of large prehistoric earthquakes
in the CEUS is based on the recognition and analysis ofpaleoliquefaction features. It is
noteworthy that several aspects of the Quaternary deposits in the Fermi site area make
them potentially suitable for liquefaction. The topographic map of the site (FSAR Figure
2.5.1-229) shows abundant marshy areas, which is obvious evidence of locally high
water tables. In addition, the site is underlain byfine-grained lacustrine deposits that are
interbedded with sandy shoreline and beach deposits. The combination of high water
table and interbeddedfine-grained and sandy deposits may be optimal conditions for
liquefaction. The FSAR does not discuss nor mention efforts to search the site vicinity for
evidence of strong ground shaking as recorded by paleoliquefaction features. Please
indicate if any such studies were conducted or if any of the field reconnaissance
concentrated on the search for such evidence. Please provide a detailed description of all
paleoliquefaction investigations conducted in the site vicinity including (1) the locations
investigated, (2)the site conditions for these investigations and whether or not the
conditions are appropriate for liquefaction to occur, and (3) the types of outcrops,
surfaces, and sediments examined as well as the quality of the exposures. In addition,
please include any relative figures that document conclusions regarding the presence or
absence of paleoliquefcation features.

Response

Paleoliquefaction studies have been conducted within the Detroit Edison site region in
western and northeastern Ohio in areas of elevated seismicity. However, no published or
unpublished reports of paleoliquefaction or detailed paleoliquefaction studies in the
Fermi 3 site vicinity were identified from the review of available geologic, seismologic,
and geotechnical data that was completed to prepare FSAR Section 2.5. This was
confirmed by recent communications with John Esch, State of Michigan Geological
Survey (personal communication to Kathryn Hanson, December 9, 2009) and Erik
Venteris of the Ohio State Geological Survey (personal communication to Laura Glaser,
December 9, 2009).

The following observations from field reconnaissance conducted in the site area and site
vicinity indicate that geologic conditions are not present that would be favorable for the
formation and recognition of paleoliquefaction features, or present in an extent sufficient
to yield data that could be used to evaluate the occurrence, location, or size of prehistoric
earthquakes in the site vicinity:

i 

I 

I 
I. 
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formation andrecognition of paleo liquefaction features, or present in an extent sufficient 
to yield data that could be used to evaluate the occurrence, location, or size of prehistoric 
earthquakes in the site vicinity: 
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* There are a scarcity of exposures in the lacustrine/till plain present throughout the
Fermi 3 site vicinity, as demonstrated by the lack of relief visible in Figure 1.

* Many of the smaller drainages, which are not deeply incised into the lacustrine/till
plain, are cut into the consolidated till unit. For example, till was exposed at
stream level along the south bank of Stony Creek at a location approximately 8
km (5 mi.) from the DTE site (Figure 2, Field Stop GMX-30).

" Other small to moderate-size drainages, such as Swan Creek, are shallowly
incised into modem floodplains underlain by very poorly drained, silt loam
deposits (Sloan Series soil unit [Reference 2.5.1-404]). Sediments exposed in the
limited vertical banks of these streams appear to be very young (latest Holocene
based on geomorphic position of the sediments within the floodplain) in age
(Figure 3).

* Stream banks observed during the August 2007 field reconnaissance at bridge
crossings across River Raisin, one of the larger drainages, and its tributaries were
heavily vegetated, with little or no exposures (Figure 2).

* Bedrock is at a relatively shallow depth under much of the lacustrine/till plain in
the site vicinity. Bedrock was observed close to the surface. During the August 7,
2007, helicopter reconnaissance, exposures of the overburden above bedrock
observed in quarries were estimated to be less than 6 m (20 ft.) thick. At the
Denniston quarry, bedrock was observed at a depth of less than 2.5 m in
exposures along the southwestern wall of the quarry.

Quaternary sediments overlying the bedrock generally consist of consolidated till
overlain by thin or patchy lacustrine silt and sand (less than 1 m) to locally thicker
sand deposits (beach ridges) in the vicinity of paleo-shorelines (Reference 2.5.1-
405, Reference 2.5.1-207, and Reference 2.5.3-215).

Optimal stratigraphy (i.e., silt cap overlyingsand unit), such as has been used in
successful paleoliquefaction studies elsewhere in the CEUS, was not observed. As
noted by Obermeier et al. (Reference 2.5.1-374), in nearly all field searches,
liquefaction is indicated by out-of-place cohesionless sediment cutting through a
finer-grained host. In the absence of such stratigraphy, liquefaction can occur but
leave no clear-cut evidence.

Additional, more focused paleoliquefaction studies were not undertaken for the following
reasons:

* The limited amount of exposure as evidenced in Figure 1.

* The likelihood that paleoliquefaction features, if they exist, will be difficult to
identify in the undifferentiated sand deposits described for most of the site area
(Reference 2.5.3-215 and Reference 2.5.1-207).

Attachment 9 to 
NRC3-10-0002 
Page 3 

• There are a scarcity of exposures in the lacustrine/till plain present throughout the 
Fermi 3 site vicinity, as demonstrated by the lack of relief visible in Figure 1. 

• Many of the smaller drainages, which are not deeply incised into the lacustrine/till 
plain, are cut into the consolidated till unit. For example, till was exposed at 
stream level along the south bank of Stony Creek at a location approximately 8 
km (5 mi.) from the DTE site (Figure 2, Field Stop GMX-30). 

• Other small to moderate-size drainages, such as Swan Creek, are shallowly 
incised into modem floodplains underlain by very poorly drained, silt loam 
deposits (Sloan Series soil unit [Reference 2.5.1-404]). Sediments exposed in the 
limited vertical banks of these streams appear to be very young (latest Holocene. 
based on geomorphic position of the sediments within the floodplain) in age 
(Figure 3). . 

• . Stream banks observed during the August 2007 field reconnaissance at bridge 
crossings across River Raisin, one of the larger drainages, and its tributaries were 
heavily vegetated, with little or no exposures (Figure 2). 

• Bedrock is at a relatively shallow depth under much of the lacustrine/till plain in 
the site vicinity. Bedrock was observed close to the surface. During the August 7, 
2007, helicopter reconnaissance, exposures of the overburden above bedrock 
observed in quarries were estimated to be less than 6 m (20 ft.) thick. At the 
Denniston quarry, bedrock was observed at a depth ofless than 2.5 m in 
exposures along the southwestern wall of the quarry. 

• Quaternary sediments overlying the bedrock generally consist of consolidated till 
overlain by thin or patchy lacustrine silt and sand (less than 1 m) to locally thicker 
sand deposits (beach ridges) in the vicinity of paleo-shorelines (Reference 2.5.1-
405, Reference 2.5.1-207, and Reference 2.5.3-215). ' 

• Optimal stratigraphy (i.e., silt cap overlying'sand unit), such as has been used in 
successful paleo liquefaction studies elsewhere in the CEUS, was not observed. As 
noted by Obermeier et al. (Reference 2.5.1-374), in nearly all field searches, 
liquefaction is indicated by out-of-place cohesionless sediment cutting through a 
finer-grained host. In the absence of such stratigraphy, liquefaction can occur but 
leave no clear-cut evidence. . 

Additional, more focused paleo liquefaction studies were not undertaken for the following 
reasons: 

• The limited amount of exposure as evidenced in Figure 1. 

• The likelihood that paleoliquefaction features, if they exist, will be difficult to 
identify in the undifferentiated sand deposits described for most of the site area 
(Reference 2.5.3-215 and Reference 2.5.1-207). '-. 



Attachment 9 to
NRC3-10-0002
Page 4

Figure 1 Oblique aerial photograph (view south) of lacustrine/till plain in the site area.

Attachment 9 to 
NRC3-10-0002 
Page 4 

Figure 1. Oblique aerial photograph (view south) of lacuslrine/till plain in the site area. 



Attachment 9 to
NRC3-10-0002
Page 5

Legiend

* Site Location XIUrban Areas

- - - 40-km (25-mi.) Radius from Sites P apit

--- -ti, (-mi. Raiusfro Quarries
- - 8.m (-mi) Raiusfro Sie - Nving Reconnaissancve Route

C County Boundary

- Stream

0 2 4 6
0 ii , Miles

Kilometers
02468

Figure 2. Map Showing Field Reconnaissance Area

Attachment 9 to 
NRC3-10-0002 
Page 5 

Legend *' Site Location 

- - - 4O·1cm (25-ml. ) Radius from Sm. 

- - - 8-km (5..,,1.) R. diualrom Sit. 

o Urb. nAre.. r~-:-~! County Boundary 

o GPS Waypoinls -- Str.am 

- Quarries 

- Driving Raconnarssance Route 

Figure 2. Map Showing Field Reconnaissance Area 

... _---,,,. .,'-
~ , , 

\ , , 
I 
I 
I 

I 
I 

o 2 

I3'W 

4 6 
__ -==-_==:::::JIMiles 

_-CII_-=::::l __ Kilometers 
o 2 468 



Attachment 9 to
NRC3-10-0002
Page 6

A)

Figure 3. Photograph (view south) showing view across nodem floodplain of Swan Creek (A)
and (view west) along the channel of Swan Creek (B).
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Figure 3. Photograph (view sooth) showing view across modem floodplain ,of Swan Creek (A) 
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Proposed COLA Revision

None
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RAI 02.05.04-1

FSAR Section 2.5.4.2.1.1.1 suggests that the fill material can be processed to produce a
gradation suitable for use as engineered granular backfill, if desired FSAR Figures
2.5.4-202, 2.5.4-203, and 2.5.4-204 indicate that many buildings including the reactor
building and the control building will be surrounded by engineered granular backfill.
Please provide information regarding the general gradation constraints likely to be
needed for processing if the fill is to be reused for the engineered granular backfill. In
addition, please provide the expected static and dynamic properties of the as-specified
compacted borrow material, such as compaction ratio, density, shear strength and shear
wave velocity, as appropriate. Please alsojustify whether the results of the safety
analysis provided in FSAR Section 2.5.4 would likely be affected by the static and
dynamic engineering properties of the processed fill.

Response

The excavated fill and bedrock will be crushed to create a well-graded, angular/sub-
angular gravel backfill. The gradation constraints will be established during design, with
testing performed to verify the DCD requirements are achieved by the gravel backfill.

FSAR Section 2.5.4.5.4.2 addresses the backfill for Fermi 3 and in part states the
following:

"Engineered granular backfill materials are placed in controlled lifts and
compacted. Within confined areas or close to foundation walls, smaller
compactors are used to prevent excessive lateral pressures against the walls from
stress caused by heavy compactors."

"Granular backfill placement and compaction methods will be addressed in design
specifications prepared in the detailed design stage of the project."

The backfill placement and compaction methods and requirementsthat will be provided
in the design specifications will be developed based on testing of the planned backfill
gradation. The backfill material testing results must demonstrate compliance with the
ESBWR DCD, Revision 6 criteria in Table 2.0-1, such as the following:

" A minimum angle of internal friction, ý', of the engineered granular backfill of 35
degrees.

" A maximum product of peak ground acceleration, c (in g), Poisson's ratio, v and
density, y, (ci(0.95v +0.65) y) of 1220 kg/m3 (76 lbf/ft3).

* A minimum product of at-rest pressure coefficient, K0 and density, (Koy) of 750
kg/m3 (47 lbf/ft3).
A minimum Ko of 0.36.
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* A minimum bulk or total density of the compacted engineered granular backfill of
1900 kg/m 3 (119 lbf/ft3).

Fermi 3 FSAR, Revision 1, Section 2.5.4.2.1.2, states:

".....Seismic Category I structures at Fermi 3 are directly founded on the Bass
Islands Group or on lean concrete overlying the Bass Islands Group."

Therefore, the rebound, settlement and bearing capacity results presented in the FSAR
Section 2.5.4.10 are not affected by the engineered granular backfill material properties.

Fermi 3 FSAR, Revision 1, Figures 2.5.4-202, 2.5.4-203, and 2.5.4-204 indicate the
Reactor/Fuel Building (R/FB) and the Control Building (CB) will be surrounded by
engineered granular backfill. The effects of the static and dynamic engineering
properties of the engineered granular backfill on the static and dynamic lateral earth
pressures are discussed herein.

The change in the angle of internal friction for the engineered granular backfill affects the
at-rest static lateral earth pressure. The methodology for calculating the static at-rest
lateral earth pressure is presented in FSAR Section 2.5.4.10.3.1 as repeated herein:

"The at-rest static lateral earth pressure, -h, for a given depth z is calculated as follows

(Reference 2.5.4-246):

Orh - Ko'o +u

where:

Ko = coefficient of at-rest earth pressure = 1 - sin+'

u = pore water pressure
a',= effective vertical overburden stress = q + yz (q is surcharge load, •y is

effective soil unit weight)
angle of internal friction"

Since a',, and u are unchanged from the Fermi 3 FSAR, Revision 1, Section 2.5.4.10.3,

the only changes isthe coefficient of at-rest earth pressure, Ko As 4i' increases from 30

to 35 degrees per ESBWR DCD, Revision 6, K, decreases.

The methodology for calculating the seismic lateral earth pressure is presented in FSAR
Section 2.5.4.10.3.2 as repeated below:

"A method developed by Ostadan is used to compite seismic soil pressure on
building walls (Reference 2.5.4-247). The response horizontal ground
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accelerations of 0.31 and 0.19 g at foundation level were used.for CB and R/FB,
respectively, for the dynamic lateral earth pressure calculation. The response
accelerations were selected based on FIRS of the CB and R/FB using appropriate
soil column frequency calculated using the following equation:

f = Vs/(4 x H)

where:

f = soil column frequency
Vs = shear wave velocity of soil
H = height of embedment depth of the building

The shear wave velocity of soil column is taken as the average measured Vs =

725 fps of the existing fill using SASW method as shown on Figure 2.5.4-225."

The soil column frequency, and the resulting response horizontal ground acceleration
change due to changes in the shear wave velocity of the engineered granular backfill. If
the peak response horizontal ground acceleration is selected from the FIRS, then the
seismic soil lateral earth pressures on the R/FB and CB walls will represent the maximum
bounding pressures that can develop. The peak response horizontal ground acceleration
from the FIRS on attached FSAR Figures 2.5.2-289 and 2.5.2-290 for the R/FB and CB is
approximately 0.50 g. The results of the revised static soil lateral earth pressure and
seismic soil lateral earth pressure on the R/FB and CB walls are shown on attached
Figures 2.5.4-230 and 2.5.4-23 1, respectively. For both the static and seismic

evaluations, the soil pressures are less than the lateral earth pressures required in the
ESBWR DCD, Revision 6.

The criteria for the engineered granular backfill are addressed in the response to RAI
02.05.04-10 (DTE to NRC Letter NRC3-09-0051 datedl 2/23/2009) including the
proposed text revision to the FSAR Section 2.5.4.5.4.2.
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Fermi 3
Combined License Application

Part 2: Final Safety Analysis Report

Figure 2.5.2-289 Fermi 3 R/FB FIRS (5% damping) [EF3 COL 2.0-27-A ]
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Fermi 3
Combined License Application

Part 2: Final Safety Analysis Report

Figure 2.5.2-290 Fermi 3 CB FIRS (5% damping) [EF3 COL 2.0-27-A ]
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Proposed COLA Revision

Proposed revisions to FSAR Section 2.5.4.10.3, and FSAR Figures 2.5.4-230 and 2.5.4-
231 are shown in the attached markup.
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Markup of Detroit Edison COLA
(following 6 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response
in a future submittal of the Fermi 3 COLA. However,.the same COLA content may be
impacted by revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA
changes, plant design changes, editorial or typographical corrections, etc. As a result, the
final COLA content that appears in a future submittal may be different than presented
here.
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and 20.4 kN/m 3 (135 and 130 pcf),. respectively, was conservatively

assumed for the engineered granular backfill.

Hydrostatic pressures are conservatively based on the groundwater table

being 0.6 m (2 ft) below grade [El. 179.0 m (587.3 ft), NAVD 88]. A

surcharge pressure of 24 kPa (500 psf) is used. Considering the small to

medium sized compaction equipment normally used for compaction of

backfill behind rigid retaining walls, a 24 kPa (500 psf) compactive

surcharge pressure is appropriate for the additional compaction lateral

earth pressures that are developed (Reference 2.5.4-245).

2.5.4.10.3.1 Static Lateral Earth Pressures

The at-rest static lateral earth pressure ah for a given depth z is

calculated as follows (Reference 2.5.4-246):

oh =KOo + u [Eq. 9]

where:

K 0 = coefficient of at-rest earth pressure = ] -sin

u = pore water pressure

= effective vertical subsurface stress = q + z (q is

surcharge load, y is effective soil unit weight)

= angle of internal friction = 36 degree

35
2.5.4.10.3.2 Dynamic Lateral Earth Pressures

A method developed by Ostadan is used to compute seismic soil

pressure on building walls (Reference 2.5.4-247) TheUpvrise
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The peak response horizontal ground 
acceleration was used for the analyses 
of the seismic lateral earth pressure on 
the R1FB and CB walls. The peak _ 
response horizontal ground acceleration 
is approximately 0.50g for both the R1FB 
and CB based on site-specific FIRS as 
shown on Figures 2.5.2-289 and 
2.5.2-290. 
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2.5.4.10.3.3 Results of Lateral Earth Pressure Analyses

The results of the static soil lateral earth pressure and seismic soil lateral
earth pressure for the R/FB and CB are shown on Figure 2.5.4-230 and
Figure 2.5.4-231, respectively.

2.5.4.11 Design Criteria

DCD Table 2.0-1 shows the envelope of ESBWR standard site

parameters. Subsection 2.5.4 addresses specifically the following
parameters listed in DCD Table 2.0-1:

" Minimum Static Bearing Capacity.

" Minimum Dynamic Bearing Capacity.

- Minimum Shear Wave Velocity.

" Liquefaction Potential.

" Angle of Internal Friction.

" Maximum Settlement Values for Seismic Category I Structures.

The design criteria required for minimum static and dynamic bearing
capacity is addressed in Subsection 2.5.4.10.1. The factor of safety for
static bearing capacity is at least 3 while for the dynamic bearing capacity
is at least 2.25. The selection of shear strength parameters used in the
bearing capacity evaluation is discussed in Subsection 2.5.4.2.1.

Results of the geophysical surveys for shear wave velocity are presented
in Subsection 2.5.4.4.1 and shear wave velocity profiles are summarized
in Subsection 2.5.4.7.2. Equivalent shear wave velocities (Veq) under

each Seismic Category I structure were calculated and presented in
Subsection 2.5.4.7.2. The minimum Veq is 1,219 m/s (4,000 fps) in the
Control Building area which higher than 305 m/s (1,000 fps).

The static stability analyses are presented in Subsection 2.5.4.10. The-
design criteria for static stability analyses are identified in Subsection
2.5.4.10 and are compared to site parameters in Table 2.0-201.
Discussion of the assumptions and methods of analyses for the static
stability analyses are provided in Subsection 2.5.4.10.
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Figure 2.5.4-230 Lateral Earth Pressure on Reactor Building Walls [EF3 COL
2.0-29-A]I
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Figure 2.5.4-230 Lateral Earth Pressure on Reactor Building Walls [EF3 COL 
2.0-29-A] 
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Figure 2.5.4-230 Lateral Earth Pressure on Reactor Building Walls
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Lateral Earth Pressure on Control Building WallsFigure 2.5.4-231 [EF3 COL
2.0-29-A] I
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Lateral Earth Pressure on Control Building Walls [EF3 COL 
2.0-29-A] 
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Figure 2.5.4-231 Lateral Earth Pressure on Control Building Walls
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Figure 2.5.4-231 Lateral Earth Pressure on Control Building Walls 
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RAI 02.05.04-04

FSAR Section 2.5.4.2.2.1.4 states that where "poor bedrock core recovery was obtained, optical
televiewer logging was performed to gather information on the bedrock where the core was not
recovered", and, among other things, results from downhole logging were used to "correlate the
bedrock geology across the site. "Please provide information regarding whether the results of
downhole logging provided additional information where good core recovery was not obtained.

Response

The range and average for the percent recovery of bedrock units are discussed in Fermi 3 FSAR,
Revision 1, Section 2.5.1.2.3.1.1 as repeated below:

"Unit B was the deepest unit encountered .... The percent recoveries for Unit B recorded
during the Fermi 3 subsurface investigation range from 96 to 100 percent. The Rock
Quality Designation (RQD) values range from 80 to 100 with an average of 97.1 ."

"Unit C was encountered.....The percent recoveries for Unit C recorded during the Fermi
3 subsurface investigation range from 94 to 100 percent. The RQD values range from 80
to 100 with an average of 97.2."

"Unit E was encountered.. .The percent recoveries for Unit E recorded during the Fermi 3
subsurface investigation range from 30 to 100 percent with an average of 93.6 percent.
The RQD values range from 0 to 100 with an average of 71.6."

"Unit F contains a wide variety of materials.....The percent recoveries for Unit F
recorded during the Fermi 3 subsurface investigation range from 0 to 100 percent with an
average of 59.3 percent. The RQD values range from 0 to 100 with an average of 13.4."

"...The Bass Islands Group encountered during the Fermi 3 subsurface
investigation.....The percent recoveries for Bass Islands Group recorded during the Fermi
3 subsurface investigation range from 0 to 100 percent with an average of 94.0 percent.
The RQD values range from 0 to 100 with an average of 53.7.".

The poor recovery was observed in some intervals of the Bass Islands Group, throughout most of
the Salina Unit F and in some intervals of the Salina Unit E. The information provided by the
downhole logging from optical televiewer, natural gamma and 3-arm caliper are discussed in
various sections in FSAR Sections 2.5.1 and 2.5.4. The following discussions provide a
summary on how the results from the downhole logging were used to provide additional
information in regions where good core recovery was not obtained.

The optical televiewer images shown on FSARFigures 2.5.4-209 through 2.5.4-212 indicated
that the poor RQD observed in the Bass Islands Group was due to the fracture nature of the
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bedrock unit. In addition, these figures show good correlation between the geologic features and
the variability of the measured compression and shear wave velocities as discussed in FSAR
Section 2.5.4.4.1.1:

".....Figure 2.5.4-209 through Figure 2.5.4-212 compare the optical televiewer logs and
the measured velocities in Borings TB-C5, RB-C8, CB-C3 and RB-C4, respectively.
These figures indicate that the variability in the measured Vp and Vs within the Bass
Islands Group is mainly caused by geologic features such as fractures, bedding planes,
brecciation, oolitic rock, and pitting of the bedrock. At these features, the velocities tend
to be lower."

The results from the optical televiewer, natural gamma and caliper logging were used to provide
information regarding core loss, and voids, cavities, and tool drops that occurred in the Bass
Islands Group, Salina Unit F and Salina Unit E, during the Fermi 3 subsurface investigation as
discussed in FSAR Section 2.5.1.2.3.1:

"An analysis of boring logs was conducted regarding core loss, and voids, cavities, and
tool drops that occurred during the Fermi 3 subsurface investigation. The analysis
included comparing available boring logs, photos of the core recovered, caliper and
gamma logs, and downhole televiewer logs to determine an explanation of conditions that
were encountered. The analysis indicated that two cavities were encountered in the layers
of vuggy dolomite and limestone near the top of the unit. The largest cavity was 0.3 m (1
ft) thick vertically, and shows on the optical televiewer log as a possible opening along
bedding that appeared to be clay filled. The other cavity was a 0.06 m (0.2 ft) opening
along bedding that showed evidence of water movement. The depths of thee vuggy
dolomite and limestone varied from 75 to 78 m (245 to 255 ft) below ground surface.
Most of the vugs were clay filled. Core loss was determined to be due to either soft
weathered rock that washed away during drilling, or when harder layers became stuck in
the core barrel and ground the softer or fractured rock."

"An analysis of boring logs was conducted regarding core loss, voids, cavities, and tool
drops that occurred during drilling of Unit F. The approach used was the same for Unit E.
Two cavities were encountered in the layers of vuggy dolomite and limestone near the
top of the Salina Group Unit F. The optical televiewer images of one of the voids
indicated that the northern wall of the boring was open to a depth of about 0.33-im (13 in)
and had a vertical height of about 0.46 m (1.5 ft). The other void was reported as a
drilling tool drop of about 0.06 m (2.5 in) and optical televiewer logs were not preformed
on this boring. Based upon the core photos, the possible void is a soft zone along
bedding. Other core losses were determined to be due to soft weathered rock that washed
away during drilling, poorly indurated sediments that washed away, or when harder
layers became stuck in the core barrel and ground the softer or fractured rock. The origin
of the poorly indurated sediments is unclear, but possible explanations are provided in
Subsection 2.5.1.2.3.1.2.1 ."
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Subsection 2.5.1.2.3.1.2.1." 
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"An analysis of boring logs was conducted regarding core loss, voids, cavities, and tool
drops that were encountered during drilling in the Bass Islands Group. The analysis
approach was the same as used for Salina Group Units E and F. The analysis indicated
that cavities or voids were limited to a depth of 23.8 m (78 ft) below ground surface. The
cavities or voids encountered were narrow, generally 3 cm (0. 1 ft) along fractures. The
open fractures are most likely formed during the unloading of the rock after the glaciers
retreated. Some of the voids were filled with clay that appeared to be transported into the
fracture. Core losses appear to be caused by fractured rock blocking off the core barrel
and grinding away the rock. Some of the core loss was due to weathered clayey or shaley
seams being washed away during drilling."

The results from the optical televiewer logging were used to confirm the existence of joints and
fracture zones as discussed in FSAR Section 2.5.1.2.4.3:

"During the Fermi 3 subsurface investigation jointing was observed throughout the Bass
Islands Group and Salina Group Unit F. The joints encountered are opening-mode
fraciures. The joint density in the Bass Islands Group and Salina Group Unit F varies
from isolated joints to groups of closely spaced joints referred to on the logs as highly
fractured zones. The existence of joints and fracture zones is confirmed on the optical
televiewer logs; however, the field boring logs have more joints and fracture zones
possibly indicating mechanical breaking of the core during the drilling process. The
orientations vary from horizontal to vertical with near horizontal and near vertical
fractures dominating. The joint apertures were from tight or hairline up tcý several inches.
Some joints were filled with anhydrite, calcite, or clay while others had no filling. A
small percentage of joints have weathering along the joint walls or display minor
dissolution (solutioning). Below Salina Group Unit F, the joint density decreases, and
joints are rare in Salina Group Units C and B, but mineral (anhydrite) filled joints are
present even in the deepest formations."

44Joint orientations vary from horizontal to vertical, with near horizontal and* near vertical
joints dominating. Optical televiewer logging completed for the Fermi 3 project
determined the presence of low angle (< 45) bedding planes, low angle fractures (< 45'),
and high angle fractures (> 45'). The dominant strike orientations of the bedding planes
are north-northeast and west-northwest. The dominant strike orientations of all fracture
planes are north-northwest and west-northwest. (Reference 2.5.1-418)"

The results from the optical televiewer, natural gamma and caliper logging were used to identify
sediments present in Units E and F as discussed in FSAR Sections 2.5.1.2.3.1.2.1 and 2.5.1.2.6.4:

FSAR Section 2.5.1.2.3.1.2. 1: "Optical t eleviewer and natural gamma logs indicated that
sediments were present in Units E and F. Caliper logs within low recovery zones have
measured increased borehole diameters, indicating that the sides of the borings probably
collapsed during and after drilling. The materials visible in the optical televiewer logs
within the enlarged portions of Salina Group Units E and F appear to be shales,
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claystones, and sand layers with thin beds of dolomite. In several borings loose clays and
sands were recovered, and these were probably poorly indurated material that was
weakened during drilling."

FSAR Section 2.5.1.2.6.4: "Weak poorly indurated sediments in Salina Group Unit F and
the upper part of Unit E were encountered during the Fermi 3 subsurface investigation.
This poorly indurated material had a tendency to wash away during drilling, resulting in
low sample recovery values. Occasionally, samples were recovered from these poorly
indurated sediments and the materials consisted of claystones, sands, and clays with
interbedded thin dolomite layers. Optical televiewer logs collected during the Fermi 3
subsurface investigation show that sediments were present in the zones of poor recovery.
Seismic velocities and other material properties for these poorly indurated sediments are
reported in Subsection 2.5.4.2."

The variability observed in the measured compression and shear wave velocities in the Salina
Group Unit F can be aided using natural gamma logs as shown on FSAR Figures 2.5.4-213 and
2.5.4-214 and discussed in FSAR Section 2.5.4.4.1.1:

".....Figure 2.5.4-213 and Figure 2.5.4-214 show the comparison of the natural gamma
logs and the measured velocities in Borings TB-C5 and CB-C3, respectively. Figure
2.5.4-213 and Figure 2.5.4-214 show that the variability in the measured Vp and Vs
within the Salina Group Unit F correlates with the variability in the natural gamma value
in Boring TB-C5 and CB-C3, respectively. The higher gamma value indicates the
presence of shale or claystone and the lower gamma value indicates dolomite or
limestone. The measured Vp and Vs increase in the areas where dolomite and/or
limestone are present."

In summary, additional information provided by the downhole logging from optical televiewer,
natural gamma and 3-arm caliper are discussed in various sections in FSAR Sections 2.5.1 and
2.5.4. These results provide additional information where good core recovery was not obtained
to understand the bedrock geology.

Proposed COLA Revision

None
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'RAI 02.05.04-07

Appendix D, "Spacing and Depth of Subsurface Explorations for Safety-Related Foundations,"
to Regulatory Guide 1.132, "Site Investigations for Foundations of Nuclear Power Plants,"
Revision 2 (October 2003), provides guidance for site exploration plans for safety-related
foundations. It suggests at least one boring per 900 m2 (10, 000 ft2) (approximately 30 m (100 fi)
spacing), and a number of borings along the periphery and'at corners. FSAR Figure 2.5.1-236
illustrates the exploration locations. For seismic category I Control Building (CB) and Fire
Water Service Center (FSWC), the figure indicates that the recommendation of corners boring
locations is not followed. Pleasejustify the limited number of borings and whether this number is
sufficient to adequately characterize the foundations of the CB and FWSC.

Response

Regulatory Guide 1.132, Revision 2, Section 4.3.1.1, states:

"The spacing and depth of borings for safety-related structures should be chosen
according to the foundation requirements and the complexity of anticipated subsurface
conditions. Appendix D gives general guidelines concerning this subject. Uniform
conditions permit the maximum spacing of borings in a regular grid for adequate
definition of subsurface conditions. Subsurface conditions may be considered uniform if
the geologic and stratigraphic features to be defined can be correlated from one boring
location to the next with relatively smooth variations in thicknesses or properties of the
geologic units. An occasional anomaly or a limited number of unexpected lateral
variations may occur.".

Regulatory Guide 1.132, Revision 2, Section 4.3.1.1, Appendix D, states:

General "For favorable, uniform geologic conditions, where continuity of subsurface strata
is found, the recommended spacing is as indicated for the type of structure. At
least one boring should be at the location of every safety-related structure. Where
variable conditions are found, spacing should be smaller, as needed, to obtain a
clear picture of soil or rock properties and their variability. Where cavities or
other discontinuities of engineering significance may occur, the normal
exploratory work should be supplemented by borings or soundings at a spacing
small enough to detect such features."

Buildings, "Principal borings: at least one boring beneath every safety-related structure. For
retaining larger, heavier structures, such as the containment and auxiliary buildings, at least
walls, one boring per 900 m2 (10,000 ft2) (approximately 30 m (100 ft) spacing). In
concrete addition, a number of borings along the periphery, .at corners, and other selected
dams locations. One boring per 30 m (100 ft) for essentially linear structures."
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FSAR Figure 2.5.1-236 shows the boring locations in the Fermi 3 area. The number of borings
drilled for the seismic category I Control Building (CB) and Fire Water Service Center (FSWC)
are considered sufficient based on the following:

1. Fermi 3 FSAR, Revision 1, Figures 2.5.1-238 through 2.5.1-240 show the site
stratigraphy, and show the site stratigraphy is relatively uniform throughout the Fermi 3
site. In addition, the stratigraphy of the site location is uniform with the stratigraphy of
the site region as discussed in the FSAR Section 2.5.1.2.3:

"The stratigraphy of the (40-km [25-mi] radius) site vicinity, the 8-km (5-mi radius)
site area and the 1-km (0.6-mi radius) site location is roughly equivalent to the
stratigraphy of the (320-km [200-mi] radius) site region (Subsection 2.5.1.1.3.2)
except for the effects on deposition caused by the proximity of the site to the Findlay
arch."

This indicates that on a regional and local basis, the geology is relatively uniform, which
the borings in the Fermi 3 area and specifically in the area of the CB and FWSC confirm.

2. The testing results on the subsurface materials show that the material properties are
consistent, as discussed in the response to RAI 02.05.04-3 part (a) (Attachment 11 to
DTE to NRC Letter NRC3-09-0051 dated December 23, 2009) for consistency of
subsurface materials within the Fermi 3 site.

3. The CB is classified as a safety-related and seismic category I structure as shown in
Table 3.2-1 of the ESBWR DCD, Revision 6. The dimensions of the CB, provided in
FSAR Table 2.5.4-226, are approximately 78 feet wide by 99 feet long. The total area
based on the dimensions of the CB is approximately 7,722 ft

2 
(< 10,000 ft

2
). Based on

the relatively small area of the CB, the uniformity of the stratigraphy, and the consistency
of the subsurface material properties within the Fermi 3 site, the two borings drilled
sufficiently characterize the subsurface conditions below the CB. Additionally, the
boring drilled for the FWSC is very close the east side of the CB, and shows the
conditions to the east of the CB are consistent with those observed in the borings drilled
within the CB area.

4. The FWSC is classified as a seismic category I structure; however, it is not a safety-
related structure as shown in Table 3.2-1 of the ESBWR DCD, Revision 6. Based on the
uniformity of the stratigraphy and subsurface material properties within the Fermi 3 site,
one boring is sufficient to adequately characterize the foundation of the FWSC.

5. Based on the consistency of the subsurface conditions revealed by Borings CB-C4, CB-
C5, and FWS/ACB-C1, adding borings at the north and south corners of the CB
(approximately midway between Borings CB-C4 and CB-C5, and Boring FWS/ACB-CI)
will not change the understanding of the subsurface conditions below the CB.
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In summary, the subsurface investigation for both the CB and FWSC is considered sufficient and
in conformance to Regulatory Guide 1.132 for the following reasons:

* Uniformity of the stratigraphy in the immediate area of Fermi 3.
* Consistency of the subsurface material properties.
* The density of borings in the area of the CB and FWSC.

Proposed COLA Revision

None
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RAI 02.05.04-09

FSAR Section 2.5.4.2.3 states that dynamic testing is not required for Salina Group Unit F based
on two considerations:

" One was the estimated shear strain being "approximately 0. 0252 percent ", and

" The other was that the testable samples would have been biased toward the "more intact
portions of the bedrock and hence testing under static or dynamic loading conditions
would possibly give high values not representative of the overall unit F. " This was
because core recovery and RQD in Salina Group Unit F were generally poor.
Furthermore, the FSAR states that the "strain level induced in till during the design
earthquake would be less than 0. 03 percent" and uses this information to focus on
resonant column and torsional shear testing of the till.

a. Please provide additional information on the specifics of how the induced seismic
shear strains were conservatively estimated for the Salina Group Unit F and the
till, to be consistent with the postulated earthquake shaking conditions.

b. The potential role of "weak" zones within the Salina Group Unit F might have
contributed to the overall characterization and performance of Salina Group Unit
F. Please provide information on possible alternative means of sampling Salina
Group Unit F so that appropriate samples of the material would be available. If
sampling is not practically feasible, please provide non-laboratory testing
alternatives to obtain data regarding the potential effects of these conditions on
the characterization of Salina Group Unit F.

Response

a) Please provide additional information on the specifics of how the induced seismic shear
strains were conservatively estimated for the Salina Group Unit F and the till, to be
consistent with the postulated earthquake shaking conditions.

Fermi 3 FSAR, Revision 1, Section 2.5.4.2.3, states:

".....The need to perform dynamic testing was investigated for Salina Group Unit
F, with a mean Vs ranging from 975 to 1,219 m/s (3,200 to 4,000 fps).It was
concluded that no dynamic testing is required for this bedrock unit based on the
following:

1. The shear strain that would be induced in Salina Group Unit F during the
postulated design earthquake was conservatively estimated. The
calculation was performed using the conservative assumption of peak
ground acceleration of 0.25 g and minimum Vs = 549 m/s (1,800 fps)
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measured at Boring TB-C5 at a depth of approximately 73.2 m (240 ft).
The estimated shear strain would be approximately 0.0252 percent, which
would indicate a ratio of G/Gmax of approximately 0.91. To approximate
a worst case, this G/Gmax is based on sand between depths of 36.6 to 76.2
m (120 to 250 ft) (EPRI, 1993, Reference 2.5.4-229). The actual G/Gmax
for bedrock would be larger, indicating negligible modulus reduction for
the bedrock.

2. Core recovery and RQD in Salina Group Unit F was poor. Testable
samples from Salina Group Unit F were collected and preserved. These
samples likely represent the more intact portions of the bedrock and hence
testing under static or dynamic loading conditions would possibly give
high values not representative of the overall Unit F.

Using an estimated average Vs of 305 m/s (1,000 fps) for till, the strain levels
induced in till during the design earthquake would be less than 0.03 percent, with
a resultant modulus reduction that would not exceed 20 percent. Therefore, only
Resonant Column and Torsional Shear Testing (RCTS) is needed to obtain the
dynamic response of the till. The RCTS will provide the dynamic response of
soils up to shear strain of approximately 0.5 percent. No cyclic triaxial and cyclic
direct simple shear tests are required. "

The estimated shear strain levels were used to provide an educated bases regarding the
following:

* The need for laboratory dynamic testing for Salina Unit F.

* The need for cyclic triaxial and cyclic direct simple shear tests for the glacial till
versus RCTS testing. RCTS testing is applicable to strains up to approximately
0.5 percent and less.

The shear strain level estimates were performed prior to development of the site-specific
ground response spectra (GMRS).

FSAR Figures 2.5.2-271 and 2.5.2-272 show the statistics of the effective shear strains
computed in the site response analyses for the 10-4 and 10-5 input ground motions,
respectively. These levels of input motion bracket the level of motion associated with the
site GMRS. FSAR Figures 2.5.2-271 and 2.5.2-272 show that within the elevation range
of the Salina Group Unit F (elevations of approximately 339 ft to 462 ft, FSAR.Table
2.5.4-201) the computed shear strains in the randomized site profiles were all less than or
equal to 0.03 percent. Therefore, these results confirm the shear strain level estimated in
FSAR Section 2.5.4.2.3.

FSAR Figures 2.5.2-271 and 2.5.2-272 show that within the elevation range of the glacial
till (elevations of approximately 552 to 563 ft, FSAR Table 2.5.4-201) the computed
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shear strains in the randomized site profiles were less than or equal to 0.1 percent. The
RCTS test results provide the modulus reduction characteristic of glacial till up to a shear
strain of approximately 0.3 percent as shown on FSAR Figures 2.5.4-226. Therefore,
these results confirm that cyclic triaxial and cyclic direct simple shear tests were not
necessary since RCTS testing provides the modulus reduction characteristic for glacial
till up to approximately 0.3 percent.

b) The potential role of "weak" zones within the Salina Group Unit F might have
contributed to the overall characterization and performance of Salina Group Unit F.
Please provide information on possible alternative means of sampling Salina Group Unit
F so that appropriate samples of the material would be available. If sampling is not
practically feasible, please provide non-laboratory testing alternatives to obtain data
regarding the potential effects of these conditions on the characterization of Salina
Group Unit F.

The in-situ compression and shear wave velocities of the Salina Unit F measured using
both P-S suspension and downhole seismic methods, are presented in FSAR Section
2.5.4.4.1.1. The compression and shear wave velocities measured using the P-S
suspension and downhole seismic methods are presented on FSAR, Figures 2.5.4-220
through 2.5.4-223 for locations TB-C5, RB-C8, CB-C3, and RB-C4. The measured
compression and shear wave velocities for all locations are combined on FSAR Figures
2.5.4-215 and 2.5.4-216.

FSAR Figure 2.5.4-222 shows that in Boring CB-C3, intermediate measurements of the
compression and shear wave velocities were obtained at descrete depths throughout
Salina Unit F using the P-S suspension method. In addition, the arrival time of
compression waves above and below the interval of the "weak" zones were also
measured using the downhole seismic method. FSAR Figure 2.5.4-222 shows that the
measured mean compression wave velocity using-the downhole seismic method is
consistent with the measured compression wave velocities using the P-S suspension
method throughout Salina Unit F in CB-C3. The in-situ compression and shear wave
velocity data were obtained throughout the full Salina Unit F thickness in CB-C3.
Therefore, in-situ data was obtained in "weak" portions of Salina Unit F at CB-C3.

FSAR Figure 2.5.4-220 shows that in Boring TB-C5, intermediate in situ measurements
of the compression and shear wave velocities were obtained at descrete depths throughout
Salina Unit F in TB-C5 using the P-S suspension method. Therefore, at TB-C5,
compression and shear wave velocities were effectively measured in the "weaker"
portions of Salina Unit F.

FSAR Figure 2.5.4-221 shows that in Boring RB-C8 intermediate compression and shear
wave velocity measurements were not obtained at descrete depths in the Salina Unit F.
This was due to an oversized borehole and irregular borehole shapes as discussed in
FSAR Section 2.5.4.4.1.1. However, the arrival time of compression and shear waves
above and below the interval of the oversized and irregular borehole was measured using

Attachment 13 to 
NRC3-10-0002 
Page 4 

shear strains in the randomized site profiles were less than or equal to 0.1 percent. The 
RCTS test results provide the modulus reduction characteristic of glacial till up to a shear 
strain of approximately 0.3 percent as ~hown on FSAR Figures 2.S.4-226. Therefore, 
these results confirm that cyclic triaxial and cyclic direct simple shear tests were not 
necessary since RCTS testing provides the modulus reduction characteristic for glacial 
till up to approximately 0.3 percent. 

b) The potential role of "weak" zones within the Salina Group Unit F might have 
contributed to the overall characterization and performance of Salina Group Unit F. 
Please provide information on possible alternative means of sampling Salina Group Unit 
F so that appropriate samples of the material would be available. If sampling is not 
practically feasible, please provide non-laboratory testing alternatives to obtain data 
regarding the potential effects of these conditions on the characterization of Salina 
Group Unit F. 

The in-situ compression and shear wave velocities of the Salina Unit F measured using 
both P-S suspension and downhole seismic methods, are presented in FSAR Section 
2.S .4.4.1.1. The compression and shear wave velocities measured using the P-S 
suspension and downhole seismic methods are presented on FSAR, Figures 2.S.4-220 
through 2.S.4-223 for locations TB-CS, RB-C8, CB-C3, and RB-C4. The measured 
compression and shear wave velocities for all locations are combined on FSAR Figures 
2.S.4-21S and 2.S.4-216. 

FSAR Figure 2.S.4-222 shows that in Boring CB-C3, intermediate measurements of the 
compression and shear wave velocities were obtained at descrete depths throughout 
Salina Unit F using the P-S suspension method. In addition, the arrival time of 
compression waves above and below the interval of the "weak" zones were also 
measured using the downhole seismic method. FSAR Figure 2.S.4-222 shows that the 
measured mean compression wave velocity using-the downhole seismic method is 
consistent with the measured compression wave velocities using the P-S suspension 
method throughout Salina Unit F in CB-C3. The in-situ compression and shear wave 
velocity data were obtained throughout the full Salina Unit F thickness in CB-C3. 
Therefore, in-situ data was obtained in "weak" portions of Salina Unit F at CB~C3. 

FSAR Figure 2.S.4-220 shows that in Boring TB-CS, intermediate in situ measurements 
of the compression and shear wave velocities were obtained at descrete depths throughout 
Salina Unit F in TB-CS using the P-S suspension method. Therefore, at TB-CS, 
compression and shear wave velocities were effectively measured in the "weaker" 
portions of Salina Unit F. 

J 

FSAR Figure 2.S.4-221 shows that in Boring RB-C8 intermediate compression and shear 
wave velocity measurements were not obtained at descrete depths in the Salina Unit F. 
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FSAR Section 2.S.4.4.1.1 .. However, the arrival time of compression and shear waves 
above and below the interval of the oversized and irregular borehole was measured using 
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the downhole seismic method; therefore, average compression and shear wave velocities
across the oversized and irregular areas within the Salina Unit F were measured. The
measured mean compression and shear wave velocities of the Salina Unit F across the
oversized and irregular areas in RB-C8 agree with the measured. mean compression and
shear wave velocities of the Salina Unit F in other borings as shown on FSAR Figures
2.5.4-215 and 2.5.4-216. The compression and shear wave velocities measured across
Salina Unit F at RB-C8 includes "weaker" zones at this location.

Figure 2.,5.4-223 shows that in Boring RB-C4 intermediate compression and shear wave
velocity measurements were not obtained atdescrete depths in Salina Unit F. This was
due to an oversized borehole and irregular borehole shapes as discussed in FSAR Section
2.5.4.4.1.1. However, the arrival time of compression waves above and below the
interval of the oversized and irregular areas was measured using the downhole seismic
method; therefore, the average compression wave velocity across the oversized and
irregular areas within the Salina Unit F were measured. The measured mean compression
wave velocity of the Salina Unit F across the oversized and irregular areas in RB-C4
agrees with the measured, mean compression and shear wave velocities of Salina Unit F
in other borings as shown on FSAR Figures 2.5.4-215 and 2.5.4-216. The compression
wave velocity measured across Salina Unit F at RB-C4 includes "weaker" zones.

The characterization of the static engineering properties of Salina Unit F is presented in
various sections of Fermi 3 FSAR. The in-situ deformation characteristic of Salina Unit
F using rock pressuremeter testing is discussed in FSAR Section 2.5.4.2.2.2.5. The
laboratory unconfined compression test results for the intact samples obtained in the
Salina Unit F, and the estimated rock mass properties and Mohr-Coulomb parameters for
Salina Unit F are presented in FSAR Section 2.5.4.2.1.2.2.

In summary, the mean compression and shear wave velocities of the Salina Unit F
obtained using the P-S suspension method agree with the mean compression and shear
wave velocities of the Salina Unit F obtained using the downhole seismic method as
shown on FSAR Figures 2.5.4-215 and 2.5.4-216. These in-situ methods either directly
tested weaker zones in Salina Unit F, or tested across Salina Unit F, which included
weaker zones in the averaged measurements across Salina Unit F. The elastic modulus,
E, obtained from the pressuremeter testing was compared to the E obtained based on
Hoek-Brown criterion as discussed in Fermi 3 FSAR, Revision 1, Section 2.5.4.10.2:

"...The average E, based on the pressuremeter tests in Salina Group Unit F, falls
within the upper and lower bound E based on Hoek-Brown criterion."

Therefore, it is concluded that the data presented in the Fermi 3 FSAR are sufficient to
provide proper characterization of Salina Group Unit F, including the weaker zones. Due
to the poor recovery in the "weaker" zones of Salina Unit F during the subsurface
investigation for Fermi 3, collection of undisturbed bedrock core in these zones is
considered unlikely, and with a minimum shear wave velocity of 1,800 feet per second in
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Salina Unit F, soil sampling techniques are not considered applicable. Therefore, no
additional sampling techniques are necessary.

Proposed COLA Revision

Proposed revisions to FSAR Section 2.5.4.2.3 are shown in the attached markup.
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Markup of Detroit Edison COLA
(following 2 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response in a
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by
revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content
that appears in a future submittal may be different than presented here.
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Combined License Application

Part 2: Final Safety Analysis Report

The mean Vs for the Bass Islands Group, Salina Groups Units E, C and B

were greater or equal to 2,042 m/s (6,700 fps) as shown in Table

2.5.4-202; therefore, no dynamic testing is required for these bedrock

units. The need to perform dynamic testing was investigated for Salina

Group Unit F, with a mean Vs ranging from 975 to 1,219 m/s (3,200 to

4,000 fps). It was concluded that no dynamic testing is required for this

bedrock unit based on the following:

1. The shear strain that would be induced in Salina Group Unit F

during the postulated design earthquake was cenee'tiv'efr-

estimated. The calculation was performed using the e rvciLe

assumption of peak ground acceleration of 0.25 g and minimum Vs

= 549 m/s (1,800 fps) measured at Boring TB-C5 at a depth of

approximately 73.2 m (240 ft). The estimated shear strain would be

approximately 0.0252 percent, which would indicate a ratio of

G/Gmax of approximately 0.91. To approximate a worst case, this

G/Gmax is based on sand between depths of 36.6 to 76.2 m (120 to

250 ft) (EPRI, 1993, Reference 2.5.4-229). The actual G/Gmax for

bedrock would be larger, indicating negligible modulus reduction for

the bedrock. m

2. Core recovery and RQD in Salina Group Unit F was poor. Testable

samples from Salina Group Unit F were collected and preserved.

These samples likely represent the more intact portions of the

bedrock and hence testing ,under static or dynamic loading

conditions would possibly give high values not representative of the
overall Unit F. -was es]f to be

Using an estimated average Vs of 305 m/s (1,000 fp for till, the strain

levels induced in till during the design earthquake

0.03 percent, with a resultant modulus reduction that would not exceed

20 percent. Therefore, only Resonant Column and Torsional Shear

Testing (RCTS) is needed to obtain the dynamic response of the till. The

RCTS will provide the dynamic response of soils up to shear strain of

approximately 0.5 percent. No cyclic triaxial and cyclic direct simple

shear tests are required. Insert 2 Here

A number of dynamic tests on samples of glacial till to obtain the modulus

reduction and damping curves as a function of strain were performed.

Four RCTS tests were performed on glacial till as presented in

Subsection 2.5.4.7.3.
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Insert I

The statistics for the level of effective strain computed in the analyses for the 10--4 and 10-5
input ground motions are shown on Figure 2.5.2-271 and 2.5.2-272, respectively. Figures
2.5.2-271 and 2.5.2-272 show that within the elevation range of the Salina&Group Unit F
(elevations of approximately 339 ft to 462 ft) the computed shear.strains in the randomized
site profiles were all less than or equal to 0.03 percent. Therefore, these results confirm the
estimated shear strain level in Salina Unit F is less than 0.03 percent.

Insert 2

Figures 2.5.2-271 and 2.5.2-272 show that within the elevation range of the glacial till
(elevations of approximately 552 ft to 563 ft) the computed shear strains in the
randomized site profiles were all less than or equal to 0.1 percent. The RCTS provides the
modulus reduction characteristic of glacial till up to shear strain of approximately 0.3 percent
as shown on FSAR Figures 2.5.4-226. Therefore, these results confirm that cyclic triaxial
and cyclic direct simple shear tests were not necessary since RCTS testing provides the
modulus reduction characteristic for glacial till up to approximately 0.3 percent.
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RAI 02.05.04-14

FSAR Section 2.5.4.5 "Excavations and Backfill" states.- "Excavated material that meets
requirements for use as engineered backfill will be segregated "However, it is not clear where
the requirements are provided FSAR Section 2.5.4.5.1 states. "Excavated material that meets
gradation requirements may be used as engineered granular backfill as defined in Subsection
2.5.4.5.4.2. "Furthermore, FSAR Section 2.5.4.5.1 states. "The excavatedfill and bedrock may
be processed to meet the required grading in accordance with Subsection 2.5.4.5.4. "However,
FSAR Section 2.5.4.5.4.2 provides only very general information on gradation or other
requirements for the engineered granular backfill. FSAR Section 2.5.4.5.1 also states.- "Dense
graded aggregate such as Size 21A or 21AA as specified by the Michigan Department of
Transportation (Reference 2.5.4-233) is suitable material. These types of materials are available
from local and regional quarry sources. "

a. Please provide the specific gradation and other requirements on the engineered granular
backfill.

b. If it is planned to use the "dense graded aggregate" referenced above at the site, please
provide the specific requirements, properties, and local or regional quarry sources to be
tapped

Response

a. Please provide the specific gradation and other requirements on the engineered granular
backfill.

See response to RAI 02.05.04-1(Attachment 10 to this letter) for discussion regarding
granular backfill requirements.

b. If it is planned to use the "dense graded aggregate" referenced above at the site, please
provide the specific requirements, properties, and local or regional quarry sources to be
tapped

Fermi 3 FSAR, Revision 1, Section 2.5.4.5.1. indicates dense-graded aggregate from an off-
site source may be an alternative to the on-site crushed rock for use as engineered granular
backfill material:

.As an alternative or supplement to the onsite crushed rock, dense-graded aggregate
from an off-site source may be used as engineered granular backfill material. Dense
graded aggregate such as Size 21A or 21AA as specified by the Michigan Department of
Transportation (Reference 2.5.4-233) is suitable material. These types of materials are
available from local and regional quarry sources."
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The source of aggregate will be identified during design. The State of Michigan designations are
provided in the FSAR only to indicate that sources of aggregate are available. The

criteria/properties required by Revision 6 of the DCD for granular backfillare addressed in
response to RAI 02.5.4-01 (Attachment 10 to this letter). Specific information regarding
Michigan Department of Transportation can be obtained from the State of Michigan; and will be
obtained as needed during design.

There are several local quarries that could be selected as the source for granular backfill material.
The specific local or regional quarry source(s) for obtaining the granular backfill material has not
been determined as stated in Fermi 3 FSAR, Revision 1, Section 2.5.4.5.1:

"Once the imported source material is identified, the material(s) are sampled and tested to
verify adherence to the required specifications for engineered granular backfill....."

Proposed COLA Revision

None
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RAI 02.05.04-15

FSAR Section 2.5.4.5.3.2 states that excavation of bedrock at Fermi 3 may be completed
using blasting, mechanical excavation, or a combination of blasting and mechanical
excavation. It also states that any blasts would be "designed by a qualified blasting
professional" and controlled blasting techniques "may" be used with the idea being "to
preserve the integrity of exterior bedrock to prevent damage to existing structures,
equipment, and freshly placed concrete, and to prevent disruption of Fermi 2
operations." Itfurther states, "During construction, excavated subgrades in bedrock for
safety-related structures are mapped and photographed by qualified and experienced
geologists. " and "Unforeseen geologic features are evaluated. "

a) Please provide specific criteria (focusing on engineering properties) to be used to
evaluate whether the excavated faces would be acceptable as foundation material.

b) Please provide how geologic evaluations of open faces would be used to confirm
the engineering properties of bedrock materials. If the differences between the
observed and the used properties are significant, please describe how they would
be resolved. Please provide specifics if any engineering property tests are
planned for the excavated bedrock materials.

Response

a) "Please provide specific criteria (focusing on engineering properties) to be used
to evaluate whether the excavated faces would be acceptable as foundation
material."

Fermi 3 FSAR, Revision 1, Section 2.5.4.3, states:

"The R/FB embedment depth is 20 m (65.6 ft) below finish grade. The
base elevation of the R/FB foundation is at 159.6 m (523.7 ft) NAVD 88.
As shown on Figure 2.5.4-202 and Figure 2.5.4-203, the base of the R/FB
foundation lies on Bass Islands Group. The CB embedment depth is 14.9
m (48.9 ft) below finish grade resulting in a foundation base elevation of
164.7 m (540.4 ft) NAVD 88. As shown on Figure 2.5.4-202, the base of
the CB foundation is also founded on Bass Islands Group. The embedment
depth of the foundation base of the FWSC is 2.35 m (7.7 ft), at elevation
177.3 m (581.6 ft) NAVD 88. The FWSC foundation base is within fill
material as shown on Figure 2.5.4-202; however, the existing subsurface
materials including fill, lacustrine and glacial till are to be removed and
backfill consisting of lean concrete will reestablish the foundation grade of
the FWSC."

\ 
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RAI02.05.04-15 
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The Seismic Category I structures at the Fermi 3 area are founded on bedrock (the
Bass Islands Group) or lean concrete over bedrock (the Bass Islands Group).
During detailed design, specifications will be prepared regarding inspection and
cleaning of the excavations to assure acceptable excavation faces.

b) "Please provide how geologic evaluations of open faces would be used to confirm
the engineering properties of bedrock materials. If the differences between the
observed and the usedproperties are significant, please describe how they would
be resolved. Please provide specifics if any engineering property tests are
plannedfor the excavated bedrock materials. "

Fermi 3 FSAR, Revision 1, Section 2.5.4.5.4.1, states:

"Properties of foundation materials are discussed in Subsection 2.5.4.2.
This section describes methods and procedures used for verification and
quality control of foundation materials."

"Visual inspection of the final bedrock excavation surface is performed to
confirm material is in general conformance with the expected foundation
materials based on boring logs. Visual inspection is performed of exposed
bedrock foundation subgrade to confirm that cleaning and surface
preparations are properly completed. Concrete fill may be used to create.a
level, uniform surface for installation of concrete foundation slab."

"Geologic mapping of the final exposed excavated bedrock surface is
performed before placement of concrete fill and foundation concrete. The
geologic mapping program includes photographic documentation of the
exposed surface and documentation for significant geologic features. The
details of the quality control and quality assurance programs for
foundation bedrock are addressed in the design specifications prepared
during the detailed design phase of the project."

The geologic mapping will provide the degree of fracturing in the excavated face
after the surface has been machine and hand cleaned. Fracturing from blasting
typically does not extend more than a few feet from the hole, and machine
cleaning followed by cleaning with hand tools, and high pressure water and air
will remove any unsuitable rock. If the rock appears fractured but does not sound
drummy when sounded, then it will provide an acceptable foundation.

If the spacing between geologic discontinuities is feet, foundation treatment may,
will likely be minimal or unnecessary. If the spacing between fractures is
measured in inches, then removal and replacement with dental concrete or
consolidation grouting may be required to improve the engineering properties of
the bedrock at the excavated face. The type and extent of foundation treatment
will be determined by the designer following inspection of the excavated faces.
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If required, specific engineering properties testing to confirm the condition of the
excavation faces will be identified by the designer. No testing is planned on the
excavated material.

Proposed COLA Revision

None
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(eRAI Tracking No. 3936)

RAI Question No. 02.05.04-16
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RAI 02.05.04-16

FSAR Section 2.5.4.5.4.2 states. "Backfill for the Fermi 3 may consist of concrete fill or
a sound, well graded granular backfill. Concrete backfill as requiredper the Referenced
DCD is used to backfill the gap between the foundation mat of R/FB and CB and
bedrock." FSAR Section 2.5.4.5.4.2 also states, "Concrete fill mix designs are addressed
in a design specification prepared during the detailed design phase of the project. "It is
noted that some dynamic properties of "lean concrete fill" are provided in this section
and FSAR Section 2.5.2.5.1 apparently without supporting data. FSAR Figure 2.5.4-202,
for example, indicates that the dynamic properties of the concrete fill may be needed to
evaluate the seismic earth pressures, FSAR Section 2.5.2.5. 1 indicates the postulated
properties of the concrete fill were used in the ground motion work. Please provide
information on static and dynamic engineering properties of the concretefill. Also,
please provide specific measure to ensure the shear wave velocity of 3600fps for backfill
concrete beneath FSWC and between the foundation mat of R/FB and CB and bedrock
(Sft gap from FASR Figures 2.5.4-202 to 2.5.4-204).

Response

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.2 states:

".....As stated in Subsection 2.5.4.5.4.2 the mean compressive strength of the lean
concrete is 2000 psi. However, a lower bound E for lean concrete was calculated
using a reduced compressive strength of 300 psi. The parameters for the linear
elastic model are summarized in Table 2.5.4-229."

To provide an upper bound estimate for settlement analysis of FWSC foundation, a
reduced compressive strength of 300 psi was used to obtain the elastic modulus, E, and
shear wave velocity, Vs. The corresponding shear wave velocity of lean concrete was
calculated based on the E obtained using the reduced strength.

i) The elastic modulus of lean concrete:

Econcrele = 57,000f',, 5 psi (from Reference 1)

Econcrete = 57,000(300)05 psi = 987,300psi = 142,200ksf

in which Econcrete is the elastic or Young's modulus of lean concrete and f' is the

compressive strength of lean concrete.

ii) The shear wave velocity of lean concrete:

Goncr•e = Econc°rei (from Reference 2)
2(1 + v)
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RAI02.05.04-16 

FSAR Section 2.5.4.5.4.2 states: "Baclifill for the Fermi 3 may consist of concrete jill or 
a sound, well graded granular baclifill. Concrete baclifill as required per the Referenced 
DCD is used to baclifill the gap between the foundation mat of RIFB and CB and 
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concrete is 2000 psi. However, a lower bound E for lean concrete was calculated 
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elastic model are summarized in Table 2.5.4-229." 
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reduced compressive strength of 300 psi was used to obtain the elastic modulus, E, and 
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5 

psi (from Reference 1) 
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E G eonerele (from Referen:ce 2) 
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142,200ksf = 59,250ksf = 59,250,O00psf
2(1 + 0.2)

VSconcrete (from Reference 3)
P

(- 0.5

59,250,000/b/ft2  = 3,600ft/ secVISc°nc'el= (I1451b / f, 32/C) 360f e

. . / 3 2.2ft/sec 2

in which, Gconcre.e is the shear modulus of lean concrete, v is the Poisson ratio of lean

concrete, Vscocrele is the shear wave velocity of lean concrete, and p is the total unit
weight of lean concrete. The total unit weight and Poisson's ratio of lean concrete are
assumed to be 145 pcf for normal weight concrete (Reference 1) and 0.2 (Reference 2),
respectively.

Fermi 3 FSAR, Revision 1, Section 2.5.4.3 states:

"The FWSC foundation base is within fill material as shown on Figure 2.5.4-202;
however, the existing subsurface materials including fill, lacustrine and glacial till
are to be removed and backfill consisting of lean concrete will reestablish the
foundation grade of the FWSC."

No shear wave velocity ITAAC is necessary for lean concrete backfill per Reference 4.
The lean concrete under the FWSC will be tested in accordance with Regulatory Guide
1.142 as stated in Fermi 3 FSAR, Revision 1, Section 2.5.4.5.4.2:

"Lean concreteused as fill under the FWSC will be proportioned, tested and the
placement controlled in- accordance with Regulatory Guide 1.142. The lean
concrete fill will .have a mean 28-day compressive strength of equal to or greater
than 2000 psi with a mean shear wave velocity of equal to or greater than
3600 ft/s."

"The quality control program for fill concrete includes requirements for
compressive strength testing. Verification will be performed to confirm that
compressive strength testing results comply with mix design, minimum strengths,
and placement requirements. The details of the quality control program will be
addressed in a design specification prepared during the detailed design phase of
the project."

Subsequently, the shear wave velocity of lean concrete beneath FWSC will be confirmed
by using the equation shown above. The Fermi 3 FSAR, Revision 1, will be revised to
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reflect that a shear wave velocity, and resonant column and torsional shear (RCTS)
testing are not required for lean concrete backfill.

Concrete backfill between the foundation mat of R/FB and CB and bedrock was
eliminated from the ESBWR DCD, Revision 6, FSAR text and Figures 2.5.4-202 through
2.5.4-204 will be revised to show the engineered granular backfill as backfill material for
the full excavation depth between the foundation mat of the R/FB and CB, and the
bedrock.

References:
1. American Concrete Institute, Code Requirements for Nuclear Safety-Related

Concrete Structures (ACI 349-06) and Commentary, Reported by ACI Committee
349, September 2007.

2. Gere, J.M. and S.P. Timoshenko, "Mechanics of Materials," Third Edition, PWS
Publishing, 1990.

3. Kramer, S.L., "Geotechnical Earthquake Engineering," Prentice Hall, 1996.

4. Nuclear Energy Institute, Letter sent to U.S. Nuclear Regulatory Commission
dated June 1, 2009, Subject: Backfill ITAAC, Project Number: 689.

Proposed COLA Revision

Proposed revisions to FSAR text and Figures 2.5.4-202 through 2.5.4-204 are attached.
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Markup of Detroit Edison COLA
(following 10 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response
in a future submittal of the Fermi 3 COLA. However, the same COLA content may be
impacted by revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA
changes, plant design changes, editorial or typographical corrections, etc. As a result, the
final COLA content that appears in a future submittal may be different than presented
here.
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Fermi 3
Combined License Application

Part 2: Final Safety Analysis Report-

2.5.4.5.1 Source and Quantities of Backfill and Borrow
Materials

Isurrounc

Backfill
underneath
the FWSC
and TB is
lean
concrete.

The Fermi 3 project excavation generates approximately 313,468 m3

(410,000 cubic yards) of excavated material. Excavated material that

ding meets gradation requirements may be used as engineered granular
backfill as defined in Subsection 2.5.4.5.4.2. Backfilllercund Seismic

Category I or II structures is well-graded granular material eG-leai
.eee..ete. The anticipated extent of granular backfill and lean concrete is

shown on the foundation cross-sections on Figure 2.5.4-202 through

Figure 2.5.4-204.

The excavated fill and bedrock may be processed to meet the required

grading in accordance with Subsection 2.5.4.5.4. As an alternative or

supplement to the onsite crushed rock, dense-graded aggregate from an

off-site source may be used as engineered granular backfill material.

Dense graded aggregate such as Size 21A or 21AA as specified by the

Michigan Department of Transportation (Reference 2.5.4-233) is suitable

material. These types of materials are available from local and regional

quarry sources.

Once the imported source material is identified, the material(s) are

sampled and tested to verify adherence to the required specifications for

engineered granular backfill. Laboratory tests including moisture content

per ASTM D2216 (Reference 2.5.4-213), sieve analysis per ASTM D422,

(Reference 2.5.4-216), standard Proctor per ASTM D698 (Reference

2.5.4-234), modified Proctor tests per ASTM D1557 (.Reference

2.5.4-235), Relative Density test per ASTM D 4253 and 4254 (Reference

2.5.4-236, Reference 2.5.4-237) and Direct Shear Test per ASTM D3080

(Reference 2.5.4-223) are performed to verify design requirement

compliance for engineered granular backfill. The soundness of aggregate

is confirmed using sulfate soundness per ASTM C88 (Reference

2.5.4-238) and Los Angeles abrasion tests per ASTM C131 and ASTM

C535 (Reference 2.5.4-239, Reference 2.5.4-240).

Testing for chemical, static and dynamic properties are performed on all

proposed engineering backfill material(s).

Completing the Fermi 3 excavation using vertical sidewall excavation in

.soils and bedrock results in a total estimated cut volume (in-place

volume) of about 313,468 m 3 (410,000 cubic yards). The total estimated

backfill volume (in-place volume) is 344,050 m 3 (450,000 cubic yards).

The total estimated soil excavation (in-place volume) is about 256,126 m3
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compliance for engineered granular backfill. The soundness of aggregate 

is confirmed using sulfate soundness per ASTM C88 (Reference 

2.5.4-238) and Los Angeles abrasion tests per ASTM C131 and ASTM 

C535 (Reference 2.5.4-239, Reference 2.5.4-240). 

Testing for chemical, static and dynamic properties are performed on all 

proposed engineering backfill material(s). 

Completing the Fermi 3 excavation using vertical sidewall excavation in 

,soils and bedrock results in a tptal estimated cut volume (in-place 

volume) of about 313,468 m3 (410,000 cubic yards). The total estimated 
backfill volume (in-place volume) is 344,050 m3 (450,000 cubic yards).' ' 

The total estimated soil excavation (in-place volume) is about 256, 126 m3 
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2.5.4.5.3.3 Foundation Bedrock Grouting

A foundation bedrock grouting program was completed for the Fermi 2

excavation and was successful in reducing groundwater flow through the
rock mass into the excavation during construction (Reference 2.5.4-241).
A similar approach to the foundation bedrock grouting program used for
Fermi 2 may be used for Fermi 3 as part of the excavation support and
seepage control system.

2.5.4.5.4 Compaction Specifications and Quality Control

This section describes the methods and procedures used for verification
and quality control of foundation materials.

2.5.4.5.4.1 Foundation Bedrock

Properties of foundation materials are discussed in Subsection 2,5.4.2.

This section describes methods and procedures used for verification and

quality control of foundation materials.

Visual inspection of the final bedrock excavation surface is performed to
confirm material is in general conformance with the expected foundation
materials based on boring logs. Visual inspection is performed of
exposed bedrock foundation subgrade to confirm that cleaning and
surface preparations are properly completed. Concrete fill may be used
to create a level, uniform surface for installation of concrete foundation
slab.

Geologic mapping of the final exposed excavated bedrock surface is
performed before placement of concrete fill and foundation concrete. The
geologic mapping program includes photographic documentation of the
exposed surface and documentation for significant geologic features.

The details of the quality control and quality assurance programs for
foundation bedrock are addressed in the design specifications prepared
during the detailed design phase of the project.

2.5.4.5.4.2 Backfill Materials and Quality Control

Backfill for the Fermi 3 may consist of concrete fill or a sound, well
graded granular backfill. Citi eti bckfll'as , ,qud , ed the, R ef•i eniced
D D is, Uasd U bdackflll i gy, beIwvv , t fUu, datioIILI UoIIfdWII II II dl

35 CD a-d bedrock. Engineered granular backfill to be used will have a 4'
equal to or greater than3-O degrees when properly placed and
compacted. The anticipated extent of lean concrete fill and granular
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2.5.4.5.3.3 Foundation Bedrock Grouting 

A foundation bedrock grouting program was completed for the Fermi 2 

excavation and was successful in reducing groundwater flow through the 

rock mass into the excavation during construction (Reference 2.5.4-241). 

A similar approach to the foundation bedrock grouting program used for 

Fermi 2 may be used for Fermi 3 as part of the excavation support and 
seepage control system. 

2.5.4.5.4 Compaction Specifications and Quality Control 

This section describes the methods and procedures used for verification 

and quality control of foundation materials. 

2.5.4.5.4.1 Foundation Bedrock 

Properties of foundation materials are discussed in Subsection 2,5.4.2. 

This section describes methods and procedures used for verification and 

quality control of foundation materials. 

Visual inspection of the final bedrock excavation surface is performed to 

confirm material is in general conformance with the expected foundation 

materials based on boring logs. Visual inspection is performed of 

exposed bedrock foundation subgrade to confirm that cleaning and 

. surface preparations are properly completed. Concrete fill may be used 

to create a level, uniform surface for installation of concrete foundation 

slab. 

Geologic mapping of the final exposed excavated bedrock surface is 

performed before placement of concrete fill and foundation concrete. The 

geologic mapping program includes photographic documentation of the 

exposed surface and documentation for significant geologic features. 

The details of the quality control and quality assurance programs for , 
foundation bedrock are addressed in the design specifications prepared 
during the detailed design phase of the project. 

2.5.4.5.4.2 Backfill Materials and Quality Control 

Backfill for the Fermi 3 may consist of concrete fill or a sound, well 

graded granular backfill. COllCiete backfill as leqailed pel tile Refelellced 

DCD is ased to backfill tile gap betvveell tile foUl IdatiOi I Illat of RiFB alld 
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backfill is shown on Figure 2.5.4-202, Figure 2.5.4-203, and Figure

2.5.4-204.

Concrete fill mix designs are addressed in a design specification
prepared during the detailed design phase of the project. Field

observation is performed to verify that approved mixes are used and test

specimens are obtained that verify that specified design parameters are

reached. The foundation bedrock and concrete fill provide adequately

high factors of safety against bearing capacity failure under both static

and seismic structural loading. Quality Control testing requirements for

bedrock include visual inspection and geologic mapping.

Engineered granular backfill sources are identified and tested for

engineering properties, in accordance with recommendations from

Subsection 2.5.4.5.1 and other testing as requ.ired by design

specifications.

Engineered granular backfill is compacted to achieve density that results

in the backfill having a minimum 4' of0 degrees. Based on correlations

of strength characteristics for granular soils (Reference 2.5.4-242), the 4'
of compacted granular soils can achieve 35 degree. Engineered granular

backfill materials are placed in controlled lifts and compacted. Within

confined areas or close to foundation walls, smaller compactors are used

to prevent excessive lateral pressures against the walls from stress

caused by heavy compactors.

Evaluation and discussion of liquefaction issues related to soil backfill

materials is provided in Subsection 2.5.4.8. Lateral pressures applied

against foundation walls are evaluated and discussed in Subsection

2.5.4.10.

A quality control sampling and testing program is developed to verify that

concrete fill and granular backfill material properties conform to the

specified design parameters. Sufficient laboratory compaction and grain

size distribution tests are performed to account for variations in fill

material. A test fill program may be included for the purposes of

determining an optimum size of compaction equipment, number of

passes, lift thickness, and other relevant data for achievement of the

specified compaction.

Lean concrete used as fill under the FWSC will be proportioned, tested

and the placement controlled in accordance with Regulatory Guide
1.142. The lean concrete fill will have a mean 28-day compressive
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backfill is shown on Figure 2.5.4-202, Figure 2.5.4-203, and Figure 

2.5.4-204. 

Concrete fill mix designs are addressed in a design specification 

prepared during the detailed design phase of the project. Field 

observation is performed to verify that approved mixes are used and test 

specimens are obtained that verify that specified design parameters are 

reached. The foundation bedrock and concrete fill provide adequately 

high factors of safety against bearing capacity failure under both static 

and seismic structural loading. Quality Control testing requirements for 

bedrock include visual inspection and geologic mapping. 

Engineered granular backfill sources are identified and tested for 

engineering properties, in accordance with recommendations from 

Subsection 2.5.4.5.1 and other testing as required by design 

specifications. 

Engineered granular backfill is compacted to achieve density that results 

in the backfill having a minimum <1>' o~ degrees. Based on correlations 

of strength characteristics for granular soils (Reference 2.5.4-242), the <1>' 

of compacted granular soils can achieve 35 degree. Engineered granular 

backfill materials are placed in controlled lifts and compacted. Within 
confined areas or close to foundation walls, smaller compactors are used 

to prevent excessive lateral pressures against the walls from stress 

caused by heavy compactors. 

Evaluation and discussion of liquefaction issues related to soi.1 backfill 

materials is provided in Subsection 2.5.4.8. Lateral pressures applied 

against foundation walls are evaluated and discussed in Subsection 

2.5.4.10. 

A quality control sampling and testing program is developed to verify that 

concrete fill and granular backfill material properties conform to the 

specified design parameters. Sufficient laboratory compaction and grain 

size distribution tests are performed to account for variations in fill 

material. A test fill program may be included for the purposes of 

determining an optimum size of compaction equipment, number of 

passes, lift thickness, and other relevant data for achievement of the 

specified compaction. 

Lean concrete used as fill under the FWSC will be proportioned, tested 

and the placement controlled in accordance with Regulatory Guide 

1.142. The lean concrete fill will have a mean 28-day compressive 
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Compressive strength of strength of equal to, or greater than, 2000 psi with a mean shear wave

he lean concrete will be velocity of equal to, or greater than, 3600 ft/s. Addtoi-•i'l'y, to enuire-that-

ested in accordance with the ... p..i.c ef the lean ...... tc. . -r.. -11 .d.frtood, dynami. testing
Regulatory Guide 1.142. . will be p^. n . . d th fell.w-.g p

rhe compressive strength Sr. .... velocity

)f the concrete will be

ised to calculate shear MOdu. r HS edu..tiO. a.d damflpilg ratiO duVreS Usimg Resonant Colum'

wave velocity to ensure .anRd- Torcion.al Shear (RCTS) t-ting.

:hat the shear wave The quality control program for fill concrete includes requirements for

velocity of 3,600 ft/s is compressive strength testing. Verification will be performed to confirm

net. that compressive strength testing results comply with mix design,

minimum strengths, and placement requirements. The details of the

quality control program will be addressed in a design specification

prepared during the detailed design phase of the project.

The quality control program for granular backfill includes requirements for

field density, and index tests to confirm material classification and

compaction characteristics are within the compliance range of materials

specified and used for design. Granular backfill placement and

compaction methods will be addressed in design specifications prepared

in the detailed design stage of the project.

The details of the quality control. and quality assurance programs for

concrete fill and granular backfill are addressed in the specifications

prepared during the detailed design phase of the project.

2.5.4.5.5 Control of Groundwater during Excavation

Control of groundwater and dewatering during excavation is presented in

Subsection 2.5.4.6.2.

2.5.4.5.6 Geotechnical Instrumentation

The Fermi 3 excavation support and seepage control system will be

continually monitored during excavation activities for movement and/or

deflection. Real time data acquisition techniques may be used for

collection and graphical representation of the data. An instrumentation

and monitoring program developed during the project detailed design

phase may include inclinometers, piezometers, seismographs, survey

points, and construction inspection documentation.
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strength of equal to, or greater than, 2000 psi with a mean shear wave 
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ahear wave veloGity 

• Modulus reductiofl afld daFFlf}iflg ratio CUFV'es usiflg Resoflaflt ColuFFlFl 

and Torsional ahoar (RCTa) tosting. 

The quality control program for fill concrete includes requirements for 

compressive strength testing. Verification will be performed to confirm 

that c,?mpressive strength testing results comply with mix design, 

minimum strengths, and placement requirements. The details of the 

quality control program will be addressed in a design specification 

prepared during the detailed design phase of the project. 

The quality control program for granular backfill includes requirements for 

field density, and index tests to confirm material classification and 

compaction characteristics are within the compliance range of materials 

specified and used for design. Granular backfill placement and 

compaction methods will be addressed in design specifications prepared 

in the detailed design stage of the project. 

The details of the quality control and quality assurance programs for 

concrete fill and granular backfill are addressed in the specifications 

prepared during the detailed design phase of the project. 

2.5.4.5.5 Control of Groundwater during Excavation 

Control of groundwater and dewatering during excavation is presented in 

Subsection 2.5.4.6.2. 

2.5.4.5.6 Geotechnical Instrumentation 

The Fermi 3 excavation support and seepage control system will be 

continually monitored during excavation activities for movement and/or 

deflection. Real time data acquisition techniques may be used for 

collection and graphical representation of the data. An instrumentation 

and monitoring program developed during the project detailed design 

phase may include inclinometers, piezometers, seismographs, survey 

points, and construction inspection documentation. 
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Figure 2.5.4-203

C

z

z

Excavation Cross Section C-C [EF3 COL 2.0-29-A] I
w

LOOKING WEST C,

TUROWE 8DG

----------

w

m z

-d

Insert 2 Here
W- w

M

w

DISTANCE IN FEET

m

LEGEND

ENGINEERED GRANULAR BACKFILL

K SSTRUCTURAL FILL

NEA CONCRETE FILL

O EBACKFILL (PER DCI))

Fermi 3
Combined License Application

2-1141 Revision 1
March 2009
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Figure 2.5.4-204 Excavation Cross Section B-B' [EF3 COL 2.0-29-A] I
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RAI 02.05.04-17

FSAR Section 2.5.4.5.4.2 of the FSAR, under "Backfill Materials and Quality Control", states
that engineered granular backfill is "compacted to achieve density that results in the backfill
having a minimum of 30 degrees" and based on correlations, "the ep' of compacted granular
soils can achieve 35 degree." The section thus seems to make the (P' of compacted granular soils
a key consideration. As many structures including the Category I structures at the Fermi 3 site
would be surrounded by engineered granular backfill, please provide information on whether
any other parameters on the engineered fill, for example, density and compaction ratio, should
be important in Section 2.5.4.5.4.2.

Response

The requests in the above RAI were addressed in the response to RAI 02.05.04-1 (Attachment 10
to this letter).

Proposed COLA Revision

None
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FSAR Section 2.5.4.5.4.2 of the FSAR, under "Baclifrll Materials and Quality Control", states 
that engineered granular backfill is "compacted to achieve density that results in the baclifrll 
having a minimum of 30 degrees" and based on correlations, "the q;' of compacted granular 
soils can achieve 35 degree. " The section thus seems to make the q;' of compacted granular soils 
a key consideration. As many structures including the Category I structures at the Fermi 3 site 
would be surrounded by engineered granular baclifrll, please provide information on whether 
any other parameters on the engineeredfill, for example, density and compaction ratio, should 
be important in S~ction 2.5.4.5.4.2. 

Response 

The requests in the above RAI were addressed in the response to RAI 02.05.04-1 (Attachment 10 
to this letter). 

Proposed COLA Revision 

None 
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RAI 02.05.04-18

FSAR Section 2.5.4.5.4.2 states that lean concrete with a design compressive strength of 2000
psi will be used as fill under the Category 1 structure FWSC. It is noted that the lean concrete fill
is about 30' thick. It is believed that most (if not all) lean concrete fill is exposed to the
groundwater.

a) Please specify the groundwater lever at Fermi 3. Please provide a discussion of critical
cases of groundwater conditions relative to the foundation settlement and stability of the
safety-related facilities of the nuclear power plant.

b) Erosion ofporous concrete sub-foundation as describe in NRC IN 97-11, and leaching of
calcium hydroxide could be potential problem because of groundwater. Reduction in
foundation strength, cracking, and differential settlement can result from erosion of
porous concrete sub-foundation. Loss of strength can result from leaching of calcium
hydroxide in the concrete. Please address the durability for the low strength lean
concrete fill.

Response

a) "Please specify the groundwater level [SIC] at Fermi 3. Please provide a discussion of
critical cases of groundwater conditions relative to the foundation settlement and
stability of the safety-related facilities of the nuclear power plant."

Fermi 3 FSAR, Revision 1, Section 2.5.4.6.1 state:

"The field investigation program for groundwater measurements is presented in
Subsection 2.5.4.2.2. The data from monitoring wells and piezometers are
presented and discussed in Subsection 2.4.12."

The groundwater levels at Fermi 3 are provided in Fermi 3 FSAR, Revision 1, Section
2.4.12.2.3.2 as partially repeated here:

"As part of the Fermi 3 subsurface investigation, 28 groundwater piezometers and
monitoring wells were installed and developed at the site. Using the information
on the soil and bedrock stratigraphy, monitoring wells were installed in the
overburden, and the Bass Islands and Salina Groups. Water levels in these wells
were measured on a monthly basis from June 2007 to May 2008.....The elevation
of water recorded in each well is presented in Table 2.4-23 1."

Contour maps for the overburden and bedrock groundwater are presented in Fermi 3
FSAR Figures 2.4-242, 2.4-243, 2.4-244, 2.4-245, 2.4-246, 2.4-247, 2.4-248, and 2.4-
249, and in Appendix 2.4BB.
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critical cases of groundwater conditions relative to the foundation settlement and 
stability of the safety-relatedfacilities of the nuclear power plan(" 

Fermi 3 FSAR, Revision 1, Section 2.5.4.6.1 state: 

"The field investigation program for groundwater measurements is presented in 
Subsection 2.5.4.2.2. The data from monitoring wells and piezometers are 
presented and discussed in Subsection 2.4.12." 

The groundwater levels at Fermi 3 are provided in Fermi 3 FSAR, Revision 1, Section 
2.4.12.2.3.2 as partially repeated here: 

"As part of the Fermi 3 subsurface investigation, 28 groundwater piezometers and 
monitoring wells were installed and developed at the site. Using the information 
on the soil and bedrock stratigraphy, monitoring wells were installed in the 
overburden, and the Bass Islands and Salina Groups. Water levels in these wells 
were measured on a monthly basis from June 2007 to May 2008 ..... The elevation 
of water recorded in each well is presented in Table 2.4-231.:' 

Contour maps for the overburden and bedrock groundwater are presented in Fermi 3 
FSAR Figures 2.4-242,2.4-243,2.4-244,2.4-245,2.4-246,2.4-247,2.4-248, and 2.4-
249, and in Appendix 2.4BB. 
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The highest groundwater level measured in all the Fermi 3 piezometers and monitoring
wells was approximately 577 feet, NAVD 88, as shown on FSAR Table 2.4-231.
Therefore, a groundwater level of El. 577 feet, NAVD 88, was chosen for settlement
analysis. All Seismic Category I structures are directly founded on bedrock or on lean
concrete over bedrock; therefore, the settlement and rebound are dependent on the
bedrock elastic modulus and the changes in stresses due to excavation and the loads
applied by the structures. The change in groundwater level does not affect the elastic
modulus of bedrock or lean concrete.

The stages used to evaluate the rebound and settlement of Category I structures is
addressed in FSAR Section 2.5.4.10.2. The stress changes associated with excavation
and loads applied by the structures were based on a total stress analysis (no buoyancy to
reduce bedrock or soil unit weights, or structure loadings); therefore, changes in the level
of groundwater do not impact the estimated rebound and/or settlement. Use of total
stress analysis provides upper bound rebound and settlement estimates, because the stress
reduction associated with excavation and the stress increase associated with the new unit
are maximized.

Groundwater conditions and foundation stability is discussed in FSAR Section 2.5.4.6.5.
Loadings associated with groundwater are included in the lateral earth pressures
discussed in FSAR Section 2.5.4.10.3.

b) "Erosion ofporous concrete sub-foundation as describe in NRC IN 97-11, and leaching
of calcium hydroxide could be potential problem because of groundwater. Reduction in
foundation strength, cracking, and differential settlement can result from erosion of
porous concrete sub-foundation. Loss of strength can result from leaching of calcium
hydroxide in the concrete. Please address the durability for the low strength lean
concrete fill."

Fermi 3 FSAR, Revision 1, Section 2.5.4.5.4.2 state:

"Concrete fill mix designs are addressed in a design specification prepared during
the detailed design phase of the project....."

"Lean concrete used as fill under the FWSC will be proportioned, tested and the
placement controlled in accordance with Regulatory Guide 1.142. The lean
concrete fill will have a mean 28-day compressive strength of equal to or greater
than 2000 psi with a mean shear wave velocity of equal to or greater than 3600
ft/s."

The mix design developed for the lean concrete must take into account the groundwater
environment where the lean concrete will be placed. The lean concrete mix must be
designed to achieve the following criteria over the life of the FWCS:

0 Settlement within DCD tolerance 'including creeping and shrinkage.
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* Mean 28-day compressive strength equal to or greater than
2,000 psi.

a Mean shear wave velocity equal to or greater than 3,600 ft/s.
* Control erosion and leaching due to contact with groundwater.
* The ratio of the largest to the smallest shear wave velocity-over the FWSC

mat foundation width of the supporting foundation material shall not exceed
1.7.

Regulatory Guide 1.142, "Safety-Related Concrete Structures For Nuclear Power Plants
(Other Than Reactor Vessels And Containments)", endorses American Concrete Institute
(ACI) 349 Code Requirements for Nuclear Safety Related Concrete Structures and
Commentary. ACI 349 addresses concrete quality, mixing and placing. Therefore, for
Fermi 3 the quality, mixing and placing of lean concrete will conform to this industry
standard.

As addressed in the response to RAI 02.05.04-5, the groundwater quality data would be
used in conjunction with ACI 349 or other applicable industry standard(s) to determine
the appropriate cement type to use for concrete exposed to groundwater. Guidance in
ACI 349 or other equivalent industry standards associated with limiting creeping,
shrinkage, erosion and leaching of concrete should be followed.

In summary, all Seismic Category I structures are directly founded on bedrock or on lean
concrete over bedrock, therefore, the change in groundwater level will not have any
impact on the settlement of the structures. Fermi 3 FSAR, Revision 1 will be revised to
include the additional mix design criteria discussed in part (b) above.

Proposed COLA Revision

Proposed text revision for FSAR Section 2.5.4.5.4.2 is shown in the attached markup.

)
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Markup of Detroit Edison COLA
(following 2 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response in a
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by
revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content
that appears in a future submittal may be different than presented here.
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backfill is shown on Figure 2.5.4-202, Figure 2.5.4-203, and Figure

2.5.4-204.

Concrete fill mix designs are addressed in a design specification

prepared during the detailed design phase of the project. Field

observation is performed to verify that approved mixes are used and test

specimens are obtained that verify that specified design parameters are

reached. The foundation bedrock and concrete fill provide adequately

high factors of safety against bearing capacity failure under both static

and seismic structural loading. Quality Control testing requirements for'

bedrock include visual inspection and geologic mapping.

Engineered granular backfill sources are identified and tested for

engineering properties, in accordance with recommendations from

Subsection 2.5.4.5.1 and other testing as required by design

specifications.

Engineered granular backfill is compacted to achieve density that results

in the backfill having a minimum 4' of 30 degrees. Based on correlations

of strength characteristics for granular soils (Reference 2.5.4-242), the 4'
of compacted granular soils can achieve 35 degree. Engineered granular

backfill materials are placed in controlled lifts and compacted. Within

confined areas or close to foundation walls, smaller compactors are used

to prevent excessive lateral pressures against the walls from stress

caused by heavy compactors.

Evaluation and discussion of liquefaction issues related to soil backfill

materials is provided in Subsection 2.5.4.8. Lateral pressures applied

against foundation walls are evaluated and discussed in Subsection

2.5.4.10.

A quality control sampling and testing program is developed to verify that

concrete fill and granular backfill material properties conform to the

specified design parameters. Sufficient laboratory compaction and grain

size distribution tests are performed to account for variations in fill

material. A test fill program may be included for the purposes of

determining an optimum size of compaction equipment, number of

passes, lift thickness, and other relevant data for achievement of the

specified compaction.

Lean concrete used as fill under the FWSC will be proportioned, tested

and the placement controlled in accordance with Regulatory Guide

1.142. The lean concrete fill will have a mean 28-day compressive

2-1077 Revision 1
March 2009

Fermi 3 
Combined License Application 

Part 2: Final Safety Analysis Report 

backfill is shown on Figure 2.5.4-202, Figure 2.5.4-203, and Figure 

2.5.4-204. 

Concrete fill mix designs are addressed in a design specification 

prepared during the detailed design phase of the project. Field 

observation is performed to verify that approved mixes are used and test 

specimens are obtained that verify that specified design parameters are 

reached. The foundation bedrock and concrete fill provide adequately 

high factors of safety against bearing capacity failure under both static 

and seismic structural loading. Quality Control testing requirements for \ 

bedrock include visual inspection and geologic mapping. 

Engineered granular backfill sources are identified and tested for 

engineering properties, in accordance with recommendations from 

Subsection 2.5.4.5.1 and other testing as required by design 

specifications. 

Engineered granular backfill is compacted to achieve density that results 

in the backfill having a minimum 4>' of 30 degrees. Based on correlations 

of strength characteristics for granular soils (Reference 2.5.4-242), the 4>' 

of compacted granular soils can achieve 35 degree. Engineered granular 

backfill materials are placed in controlled lifts and compacted. Within 

confined areas or close to foundation walls, smaller compactors are used 

to prevent excessive lateral pressures against the walls from stress 

caused by heavy compactors. 

Evaluation and discussion of liquefaction issues related to soil backfill 

materials is provided in Subsection 2.5.4.8. Lateral pressures applied 

against foundation walls are evaluated and discussed in Subsection 

2.5.4.10. 

A quality control sampling and testing program is developed to verify that 

concrete fill and granular backfill material properties conform to the 

specified design parameters. Sufficient laboratory compaction and grain 

size distribution tests are performed to account for variations in fill 

material. A test fill program may be included for the purposes of 

determining an optimum size of compaction equipment, number of 

passes, lift thickness, and other relevant data for achievement of the 

specified compaction. 

Lean concrete used as fill under the FWSC will be proportioned, tested 

and the placement controlled in accordance with Regulatory Guide 

1.142. The le~n concrete fill will have a mean 28-day compressive 

2-1077 Revision 1 
March 2009 



I

Fermi 3
Combined License Application

Part 2: Final Safety Analysis Report

strength of equal to, or greater than, 2000 psi with a mean shear wave

velocity of equal to, or greater than, 3600 ft/s. Additionally, to ensure that

the properties of the lean concrete are well understood, dynamic testing

will be performed to determine the following parameters:

- Shear wave velocity
The mix design developed for the
ean concrete will control erosion - Modulus reduction and damping ratio curves using Resonant Column
and leaching due to contact with and Torsional Shear (RCTS) testing.
site groundwater and limit
settlement to specified tolerances The quality control program for fill concrete includes requirements for
(Table 2.0-201), including creep compressive strength testing. Verification will be performed to confirm
and shrinkage. that compressive strength testing results comply with mix design,

minimum strengths, and placement requirements. The details of the

quality control program will be addressed in a design specification

prepared during the detailed design phase of the project.

The quality control program for granular backfill includes requirements for

field density, and index tests to confirm material classification and

compaction characteristics are within the compliance range of materials

specified and used for design. Granular backfill placement and

compaction methods will be addressed in design specifications prepared

in the detailed design stage of the project.

The details of the quality control and quality assurance programs for

concrete fill and granular backfill are addressed in the specifications

prepared during the detailed design phase of the project.

2.5.4.5.5 Control of Groundwater during Excavation

Control of groundwater and dewatering during excavation is presented in

Subsection 2.5.4.6.2.

2.5.4.5.6 Geotechnical Instrumentation

The Fermi 3 excavation support and seepage control system will be

continually monitored during excavation activities for movement and/or

deflection. Real time data acquisition techniques may be used-for

collection and graphical representation of the data. An instrumentation

and monitoring program developed during the project detailed design

phase may include inclinometers, piezometers, seismographs, survey

points, and construction inspection documentation.

2-1078 Revision 1
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RAI 02.05.04-21

FSAR Section 2.5.4.10.1 states: "For the Bass Islands Group, the upper bound Hoek-Brown 0'
of 53 degrees matches well with the mean residualfriction angle of 52 degrees measured from
rock direct shear tests on discontinuities (Table 2.5.4.-206); therefore, (p' equal to 52 degrees is
used for the Bass Islands formation. "Details of direct shear test results are provided in FSAR
Table 2.5.4-223. Please provide information regarding the appropriateness of normal stress
values used in the direct shear tests (FSAR Table 2.5.4-223) as applied to the above statements
and as used in the bearing capacity analysis reported in Section 2.5.4.10.1. Please provide if
there were any dependency of the direct shear test results on the normal stress used in the
testing.

Response

Twelve bedrock shear tests were performed on discontinuities of the Bass Islands Group
dolomite. The results are summarized in FSAR Table 2.5.4-223 as discussed in FSAR Section
2.5.4.2.3:

". ....The unconfined compressive strength tests and direct shear tests on discontinuities
of rock core samples are summarized in Table 2.5.4-222 and Table 2.5.4-223,
respectively."

The range and average of the friction angles based on the direct shear tests on discontinuities of
the Bass Islands Group dolomite are summarized in FSAR Section 2.5.4.2.1.2.1:

".....Twelve rock direct shear tests were performed along sample discontinuities to
provide the residual friction angle along the discontinuities presented in Table 2.5.4-206.
The residual friction angle along discontinuities ranges between 33 and 74 degrees, with
a mean of 52 degrees."

The Hoek-Brown criterion was used to estimate the Mohr-Coulomb parameters of the Bass
Islands Group dolomite. The estimated Mohr-Coulomb parameters are presented in FSAR Table
2.5.4-208 as discussed in FSAR Section 2.5.4.2.1.2.1:

"The rock mass properties and Mohr-Coulomb parameters for the Bass Islands Group,
based on Hoek-Brown criterion are presented in Table 2.5.4-207 and Table 2.5.4-208,
respectively. The upper bound, mean, and lower bound are presented for each property."

The normal stresses applies during the direct shear tests of the discontinuities of Bass Islands
Group dolomite were the estimated in-situ vertical effective normal stresses at the depth of the
each discontinuity. The normal stresses applied fall within the range of lower and upper bound
confining pressures estimated using the Hoek-Brown criterion shown on Table 2 of the response
to RAI 02.05.04-3 (DTE to NRC Letter NRC3-09-0051 Attachment 11). This supports the
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appropriateness of the normal stresses used for direct shear testing, and the Mohr-Coulomb
parameters estimated using the Hoek-Brown criterion for the Bass Islands Group dolomite.

The rational for using 52 degrees for the Bass Islands Group dolomite rock mass friction angle,
which was used for bearing capacity analysis, was provided in the response to RAI 02.05.04-22
(Attachment 20 to this letter).

Figure 1 below shows the relationship between the Bass Islands Group dolomite residual friction
angle and applied effective normal stress based on the results of direct shear testing. The shear
test results show that the residual friction angle tends to increase with increasing effective stress.

In summary, the applied normal stresses selected for the direct shear tests were the estimated in-
situ effective vertical stresses at the time of subsurface investigation. The normal stresses used
fall within the range of confining pressures used to estimate Mohr-Coulomb parameters using the
Hoek-Brown failure criterion. The residual friction angle tends to increase with increasing
effective stress based on the laboratory direct shear test results.
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RAI 02.05.04-22

FSAR Section 2.5.4.10.1 indicates that for the Bass Islands Group, the upper bound Hoek
Brown effective angle offriction and effective cohesion were used in the bearing capacity
equation. In contrast, for the Salina Group Unit F the lower bound Hoek-Brown angle of
friction and effective cohesion were used Please provide basis andjustification on why
the upper bound values, were used for the Bass Islands Group while the lower bound
values were used for the Salina Group Unit F.

Response

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.1, states:

"Table 2.5.4-208 shows the Mohr-Coulomb parameters, based on Hoek-Brown
criterion. For the Bass Islands Group, the upper bound Hoek-Brown 4' of 53
degrees matches well with the mean residual friction angle of 52 degrees
measured from rock direct shear tests on discontinuities (Table 2.5.4-206);
therefore, ý' equal to 52 degrees is used for the Bass Islands formation. The
corresponding upper bound c' is equal to 488 kPa (10.2 ksf) based on the Hoek-
Brown criterion and will be used for the Bass Islands Group. For the Salina Group
Unit F the Hoek-Brown, the lower bound 4' of 28 degrees and c' of 77 kPa (1.6
ksf) was used."

The engineering properties of the Bass Islands Group are presented in FSAR Section
2.5.4.2.1.2.1 as repeated here:

"Bass Islands Group is the uppermost bedrock unit encountered during Fermi 3
subsurface investigation. The approximate elevation of the bedrock unit ranges
from elevation 168.3 to 140.8 m (552 to 462 ft)NAVD 88."

"The results of the field and laboratory tests together with their variability are
summarized in Table 2.5.4-206. The average percent recovery throughout this
rock unit was 94 percent with an average rock quality designation (RQD) of 54
percent. The RQD is a measure of rock integrity determined by taking the
cumulative length of pieces of intact rock greater than 4 inches long for the length
of a core sampler advance and dividing by the length of the core sampler advance,
expressed as a percentage."

"Unconfined compressive strength, q,, and E of the intact bedrock were
determined by laboratory UC tests based on testing 20 intact rock samples. The qu
ranges from 46.0 to 153.7 MPa (960 to 3,210 ksf), with an average of 89.5 MPa
(1,870 ksf). The E ranges from 15,900 to 78,600 MPa (331,200 to 1,641,600 ksf),
with an average of 43,000 MPa (898,600 ksf). Twelve rock direct shear tests were
performed along sample discontinuities to provide the residual friction angle
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RAI 02.05.04-22 

FSAR Section 2.5.4.10.1 indicates thatfor the Bass Islands Group, the upper bound Hoek 
Brown effective angle of friction and effective cohesion were used in the bearing capacity 
equation. In contrast, for the Salina Group Unit F the lower bound Hoek-Brown angle of 
friction and effective cohesion were used. Please provide basis and justification on why 
the upper bound values. were used for the Bass Islands Group while the lower bound 
values were used for the Salina Group Unit F. 

Response 

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.1, states: 

"Table 2.5.4-208 shows the Mohr-Coulomb parameters, based on Hoek-Brown 
criterion. For the Bass Islands Group, the upper bound Hoek-Brown ~' of 53 
degrees matches well with the mean residual friction angle of 52 degrees 
measured from rock direct shear tests on discontinuities (Table 2.5.4-206); 
therefore, ~' equal to 52 degrees is used for the Bass Islands formation. The 
corresponding upper bound c' is equal to 488 kPa (10.2 ksf) based on the Hoek
Brown criterion and will be used for the Bass Islands Group. For the Salina Group 
Unit F the Hoek-Brown, the lower bound ~' of28 degrees and c' of 77 kPa (1.6 
ksf) was used." 

The engineering properties of the Bass Islands Group are presented in FSAR Section 
2.5.4.2.1.2.1 as repeated here: 

"Bass Islands Group is the uppermost bedrock unit encountered during Fermi 3 
subsurface investigation. The approximate elevation of the bedrock unit ranges 
from elevation 168.3 to 140.8 m (552 to 462 ft) NAVD 88." \ 

"The results of the field and laboratory tests together with their variability are 
summarized in Table 2.5.4-206. The average percent recovery throughout this 
rock unit was 94 percent with an average rock quality designation (RQD) of 54 
percent. The RQD is a measure of rock integrity determined by taking the 
cumulative length of pieces of intact rock greater than 4 inches long for the length 
of a core samplyr advance and dividing by the length of the core sampler advance, 
expressed as a percentage." 

"Unconfined compressive strength, qu, and E.ofthe intact bedrock were 
determined by laboratory UC tests based on testing 20 intact rock samples. The qu 
ranges from 46.0 to 153.7 MPa (960 to 3,210 ksf), with an average of89.5 MPa 
(1,870 ksf). The E ranges from 15,900 to 78,600 MPa (331,200 to 1,641,600 ksf), 
with an average of 43,000 MPa (898,600 ksf). Twelve rock direct shear tests were 
performed along sample discontinuities to provide the residual friction angle 
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along the discontinuities presented in Table 2.5.4-206. The residual friction angle
along discontinuities ranges between 33"and 74 degrees, with a mean of 52
degrees."

"The rock mass properties and Mohr-Coulomb parameters for the Bass Islands:
Group, based on Hoek-Brown criterion are presented in Table 2.5.4-207 and
Table 2.5.4-208, respectively. The upper bound, mean, and lower bound are
presented for each property."

"Table 2.5.4-209 summarizes the statistical analysis of the measuredvelocities
using the P-S suspension logger for the Bass Islands Group. The mean Vp for the
Bass Islands Group varies from 4,023 to 4,389 m/s (13,200 to 14,400 fps), and the
mean Vs varies from 2,012 to 2,225 m/s (6,600 to 7,300 fps). The Poisson's ratio
of the Bass Islands Group varies from 0.33 to 0.34, based on the mean Vp and
Vs."

Laboratory and field testing were performed to measure the static and dynamic
engineering properties of the Bass Islands Group bedrock at Fermi 3; however, the Hoek-
Brown criterion were used to estimate the Mohr-Coulomb cohesion of the Bass Islands
Group dolomite. FSAR Table 2.5.4-2.8 presents the upper bound, mean and lower bound
d' and cohesion values estimated using the Hoek-Brown criterion. For the Bass Islands
Group, the upper bound Hoek-Brown +' of 53 degrees matches well with the mean
residual +' of 52 degrees measured from bedrock direct shear tests on discontinuities
(Table 2.5.4-206). Therefore, as the measured +' matches well with the upper bound
Hoek-Brown criterion +', the upper bound Hoek-Brown cohesion was used for the Bass
Islands Group.

The engineering properties of the Salina Unit F are presented in FSAR Section
2.5.4.2.1.2.1 as repeatedhere:

"The approximate elevation of Unit F ranges from elevation 140.8 to 103.3 m
(462 to 339 ft) NAVD 88."

"The results of the field and laboratory tests together with their variability, are
summarized in Table 2.5.4-2 10. The average percent recovery throughout this
rock unit was 59 percent with an average RQD of, 13 percent. The qu and E of the
intact bedrock were determined by laboratory UC tests based on 13 intact bedrock
samples. The q, ranges from 2 to 147 MPa (45 to 3,070 ksf), with an average of
45 MPa (940 ksf). The E of the bedrock ranges from 766 to 51,710 MPa (16,000
to 1,080,000 ksf), with an average of 25,343 MPa (529,300 ksf)."

"In-situ pressuremeter testing was performed at one boring location, RB-C6,
within Unit F to characterize the in-situ E of the bedrock unit. Detailed discussion
of the pressuremeter testing results is presented in Subsection 2.5.4.2.2.2.5. The E
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along the discontinuities presented in Table 2.5.4-206. The residual friction angle 
,along discontinuities ranges between 33'and 74 degrees, with a mean of 52 
degrees." , 

"The rock mass properties and Mohr-Coulomb parameters for the Bass Islands, 
Group, based on Hoek-Brown criterion are presented in Table 2.5.4-207 and 
Table 2.5.4-208, respectively. The upper bound, mean, and lower bound are 
presented for each property." , 
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mean Vs varies from 2,012 to 2,225 mls (6,600 to 7,300 fps). The Poisson's ratio 
of the Bass Islands Group varies from 0.33 to 0.34, based on the mean Vp and 
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Laboratory and field testing were performed to measure the static and dynamic 
'engineering properties of the Bass Islands Group bedrock at Fermi 3; however, the Hoek
Brown criterion were used to estimate the Mohr-Coulomb cohesion of the Bass Islands 
Group dolomite. FSAR Table 2.5.4-2.8 presents the upper bound, mean and lower bound 
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residual ~' of 52 degrees measured from bedrock direct shear tests on discontinuities 
(Table 2.5.4-206). Therefore, as the measured ~' matche,s well with the upper bound, 
Hoek-Brown criterion ~', the upper bound Hoek-Brown cohesion was used for the Bass 
Islands Group. 

The engineering properties of the Salina Unit F are presented in FSAR Sectio~ 
2.5.4.2.1.2.1 as repeated'here: 

"The approximate elevation of Unit F ranges from elevation 140.8 to 103.3 m 
(462 to 339 ft) NA VD 88." , 

"The results of the field and laboratory tests together with their variability are 
summarized in Table 2.5.4-210. The average percent recovery throughout this 
rock unit was 59 percent with an average RQD of,13 percent. The qu and E of the , 
intact bedrock were determined by laboratory UC tests based on 13 intact bedrock, 
samples. The qu ranges from 2 to 147 MPa (45 to 3,070 ksf), with an average of 
45 MPa (940 ksf). The E of the bedrock ranges from 766 to 51,710 MPa (16,000 
to 1,080,000 ksf), with an average of25,343 MPa (529,300 ksf)." 

"In-situ pressuremeter testing was performed at one boring location, RB-C6, , 
within Unit F to characterize the in-situ E of the bedrock unit: Detailed discussion 
of the pressuremeter testing results is presented in Subsection 2.5.4.2.2.2.5. The E 
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value estimated from pressuremeter testing ranges between 276 and 2,758 MPa
(5,760 and 57,600 ksf), with an average of 996 MPa (20,800 ksf)."

"The rock mass properties and Mohr-Coulomb parameters for Unit F, based on
Hoek-Brown criterion are presented in Table 2.5.4-207 and Table 2.5.4-208,
respectively. The upper bound, mean, and lower bound are presented foreach
property."

"Table 2.5.4-211 summarizes the statistical analysis of the measured velocities
using the P-S suspension logger for Unit F. Based on the P-S suspension logger,
the mean Vp in Unit F varies from 2,438 to 2,865 m/s (8,000 to 9,400 fps), and
the mean Vs varies from 975 to 1,219 m/s (3,200 to 4,000 fps). Both are based on
Borings TB-C5 and CB-C3. Poisson's ratio of Unit F, calculated using the mean
of Vp and Vs, varies from 0.39 to 0.40."

Laboratory and field testing were performed to measure the static and dynamic
engineering properties of the Salina Unit F bedrock at Fermi 3; however, samples of
representative material for all ranges of the Salina Unit F could not be collected, so
measured ý' values were not available. Therefore, the Mohr-Coulomb ý' and cohesion
were estimated using the Hoek-Brown criterion. To provide a basis for selecting the
upper bound, mean, or lower bound Hoek-Brown criterion values, the average elastic
modulus based on pressuremeter testing was compared to the elastic modulus estimated
using the Hoek-Brown criterion. The measured elastic modulus is close to the lower
elastic modulus based on Hoek-Brown criterion as shown in the FSAR Table 2.5.4-228.
Therefore, to provide a lower bound approach, the lower bound Hoek-Brown criterion q'
and cohesion were selected for Salina Unit F.

Proposed COLA Revision

None
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RAI 02.05.04-24

FSAR Section 2.5.4.1 0.2 states that for "analysis of settlements, the lower bound E based on the
Hoek-Brown criterion for each bedrock unit were selected It is believed that the average E of
the bedrock units will be greater than the lower bound E from the Hoek-Brown criterion ".

a. Please provide some information on how the modulus values following the Hoek- Brown
criterion were developed and the basis for the belief that" the average E of the bedrock
units will be greater than the lower bound Efrom the Hoek-Brown criterion. "

b. Please explain if there were any unconfined compression tests conducted on the material
under the safety-related foundations? If there were, how do the tested values compare
with the values used in the calculations for foundation settlement analysis?

c. For the total rebound and settlement evaluations, the selected parameter values may be
"conservative ", but please provide additional information for the appropriateness and
conservativeness of the selected modulus values as affecting the results of differential
settlement evaluations.

Response

a) Please provide some information on how the modulus values following the Hoek- Brown
criterion were developed and the basis for the belief that" the average E of the bedrock
units will 'e greater than the lower bound Efrom the Hoek-Brown criterion."

Fermi 3 FSAR, Revision 1, Section 2.5.4.2.1.2 states that:

"The strength and deformation characteristics of bedrock units were also estimated
using Hoek-Brown criterion (Reference 2.5.4-201), which uses the following five
input parameters to estimate rock mass strength:

1. qu of intact rock core samples.
2. Material index (mi) related to rock mineralogy, cementation, and origin.
3. Geological strength index (GSI) that factors the intensity and surface

characteristics of rock mass discontinuities.
4. Disturbance factor (D) related to the level of the rock mass disturbance due to

construction excavation and blasting.
5. Laboratory measured E of the intact rock core samples.

The input parameters, for each bedrock unit, used to estimate rock mass strength
based on Hoek-Brown criterion are summarized in Table 2.5.4-205."

The information on how the five input parameters above were selected is discussed in the
response to RAI 02.05.04-3 (DTE to NRC Letter NRC3-09-0051 Attachment 11).

i 
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RAI 02.05.04-24 

FSAR Section 2.5.4.10,2 states that for "analysis of settlements, the lower bound E based on the 
Hoek-Brown criterion for each bedrock unit were selected. It is believed that the average E of 
the bedrock units will be greater than the lower bound E from the Hoek-Brown criterion ". 

a. Please provide some information on how the modulus values following the Hoek- Brown 
criterion were developed and the basis for the belief that" the average E of the bedrock 
units will be greater than the lower bound Efrom the Hoek-Brown criterion. " 

b. Please explain if there were any unconfined compression tests conducted on the material 
under the safety-relatedfoundations? lfthere were, how do the tested values compare 
with the values used in the calculations for foundation settlement analysis? 

c. For the total rebound and settlement evaluations, the selected parameter values may be 
"conservative ", but please provide additional information for the appropriateness and 
conservativeness of the selected modulus values as affecting the results of differential 
settlement evaluations. 

Response 

a) Please provide some information on how the modulus values following the Hoek- Brown 
criterion were developed and the basis for the belief that" the average E of the bedrock 
units will b'e greater than the lower bound Efrom the Hoek-Brown criterion. " 

Fermi 3 FSAR, Revision 1, Section 2.5.4.2.1.2 states that: 

"The strength and deformation characteristics of bedrock units were also estimated 
using Hoek-Brown criterion (Reference 2.5.4~201), which uses the following five 
input parameters to estimate rock mass strength: 

1. qu of intact rock core samples. 
2. Material index (mi) related to rock mineralogy, cementation, and origin. 
3. Geological strength index (GSI) that factors the intensity and surface 

characteristics of rock mass discontinuities. 
4. Disturbance factor (D) related to the level of the rock mass disturbance due to 

construction excavation and blasting. 
5. Laboratory measured E of the intact rock core samples. 

The input parameters, for each bedrock unit, used to estimate rock mass strength 
based on Hoek-Brown criterion are summarized in Table 2.5.4-205." 

The information on how the five input parameters above were selected is discussed in the 
response to RAI 02.05.04-3 (DTE to NRC Letter NRC3-09-0051 Attachment 11). 
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The estimated rock mass modulus using the Hoek-Brown criterion was calculated using
the following equation provided in FSAR Reference 2.5.4-201:

lI-D/2
Erm = Ei 0.02+1+ Ie(60+t5D-GSI)/l 1]

where Erm is the rock mass modulus, E, is the intact modulus, D is the disturbance

factor, and GSI is the geological strength index.

The intact modulus, Ei, used was the measured mean values from laboratory unconfined

compression tests performed in accordance with ASTM D7012. The mean E,

values for each bedrock unit are presented in the Fermi 3 FSAR, Revision 1, Tables
2.5.4-206, 2.5.4-210, 2.5.4-212, 2.5.4-214, and 2.5.4-216. The input parameters, D and
GSI, for each bedrock unit, used to estimate rock mass modulus using the Hoek-Brown
criterion are summarized in FSAR Table 2.5.4-205. The lower bound E from the Hoek-
Brown criterion was calculated using the lower GSI values in FSAR Table 2.5.4-205.

The rationale that the average E of the bedrock units is greater than the lower bound E
from the Hoek-Brown criterion is provided in FSAR Section 2.5.4.10.2 as repeated
herein:

"The E values of bedrock units at the Fermi 3 site obtained by various methods
are summarized in Table 2.5.4-228. The various methods used to determine the E
of bedrock units are 1) stress-strain curve from laboratory unconfined
compression tests, 2) wave equation obtained by solving 3-dimensional equations
of motion (using mean Vs from P-S suspension, 3) empirical approach using the
Hoek-Brown criterion, and 4) stress-strain curve from results of pressuremeter
testing.

"For the Bass Islands Group and Salina Group Unit F, the largest E is the average
E obtained from laboratory tests, because the unconfined compression tests were
performed on intact rock samples which do not take the fractured nature of the
bedrock mass into consideration. The E calculated from average Vs. is lower,
because the average Vs is more representative of the bedrock mass. The ratio of
the E, based on laboratory tests, to the E, based on average Vs, is approximately
1.6 for the Bass Islands Group (average RQD is 54 percent) and 4.0 for the Salina
Group Unit F (average RQD is 13 percent). The E calculated from average Vs and
laboratory tests are both greater than the upper bound E using the Hoek-Brown
criterion. The average E, based on the pressuremeter tests in Salina Group Unit F,
falls within the upper and lower bound E based on Hoek-Brown criterion."

"For Salina Group Unit E (average RQD is 72 percent) and Unit C (average RQD
is 97 percent), the E of bedrock based on the average Vs are greater than the
average E measured from laboratory unconfined compression tests. The ratio of
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The estimated rock mass modulus using the Hoek-Brown criterion was calculated using 
the following equation provided in FSAR Reference 2.5.4-201: 

( 
I-DI2) 

Erm = E; 0.02 + 1 + e[(60+15D-GSI)I1l] 

where Erm is the rock mass modulus, E; is the intact modulus, 0 is the disturbance 

factor, and GSI is the geological strength index. 

The intact modulus, E;, used was the measured mean values from laboratory unconfined 

compression tests performed in accordance with ASTM 07012. The mean E; 
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Brown criterion was calculated using the lower GSI values in FSAR Table 2.5.4-205. 

The rationale that the average E of the bedrock units is greater than the lower bound E 
from the Hoek-Brown criterion is provided in FSAR Section 2.5.4.10.2 as repeated 
herein: 

"The E values of bedrock units at the Fermi 3 site obtained by various methods 
are summarized in Table 2.5.4-228. The various methods used to determine the E 
of bedrock units are 1) stress-strain curve from laboratory unconfined 
compression tests, 2) wave equation obtained by solving 3-dimensional equations 
of motion (using mean Vs from P-S suspension, 3) empirical approach using the 
Hoek-Brown criterion, and 4) stress-strain curve from results of pressuremeter 
testing. 

"For the Bass Islands Group and Salina Group Unit F, the largest E is the average 
E obtained from laboratory tests, because the unconfined compression tests were 
performed on intact rock samples which do not take the fractured nature of the 
bedrock mass into consideration. The E calculated from average V s' is lower, 
because the average V s is more representative of the bedrock mass. The ratio of 
the E, based on laboratory tests, to the E, based on average V s, is approximately 
1.6 for the Bass Islands Group (average RQO is 54 percent) and 4.0 for the Salina 
Group Unit F (average RQO is 13 percent). The E calculated from average Vs and 
laboratory tests are both greater than the upper bound E using the Hoek-Brown 
criterion. The average E, based on the pressuremeter tests in Salina Group Unit F, 
falls within the upper and lower bound E based on Hoek-Brown criterion." 

"For Salina Group Unit E (average RQO is 72 percent) and Unit C (average RQO 
is 97 percent), the E of bedrock based on the average Vs are greater than the 
average E measured from laboratory unconfined compression tests. The ratio of 
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the E based on laboratory tests to the E from the average Vs are approximately 0.9
and 0.8 for Unit E and Unit C, respectively, which shows good agreement. The E
calculated from average Vs and laboratory tests are greater than the upper bound
E using the Hoek-Brown criterion."

"For Salina Group Unit B (average RQD is 97 percent), the E using laboratory
tests is greater than the E based on the average Vs, with a ratio of approximately
1.3, which is in agreement. The calculated E based on the average Vs falls within
the upper and lower bound E based on Hoek-Brown criterion."

"For analysis of settlements, the lower bound E based on the Hoek-Brown
criterion for each bedrock unit were selected. It is believed that the average E of
the bedrock units will be greater than the lower bound E from the Hoek-Brown
criterion; therefore, estimated settlement will represent upper limit estimates.
These lower bound E are used for settlement analysis."

b) Please explain if there were any unconfined compression tests conducted on the material
under the safety-related foundations? If there were, how do the tested values compare
with the values used in the calculations for foundation settlement analysis?

The results of bedrock unconfined compressive strength tests are summarized in FSAR
Table 2.5.4-222. Samples tested for bedrock unconfined compressive strength in Borings
CB-C4, RB-C1, RB-C2, RB-C3, RB-C4, RB-C5, RB-C7, RB-C8, RB-C9, RB-C 11 were
located close to or below the safety-related foundations. Of the bedrock unconfined
compression test results presented in the attached FSAR Table 2.5.4-222 most of the
samples tested are located close to or below the safety-related foundations based on the
sample depths.

The elastic modulus of bedrock units at the Fermi 3 site was estimated by various
methods as summarized in Table 2.5.4-228, including the average elastic modulus based
on laboratory unconfined compression test results (herein called Elab) and the lower
bound elastic modulus based on the Hoek-Brown criterion (herein called EHB,1ow)- Values
of Elab and EHB,Iow presented in FSAR 2.5.4-228 are repeated in Table I of this response.
Table I provides the ratio of Elab / EHB,Iow. For bedrock with an RQD greater than 70
percent, Elab is 1.4 to 1.9 times higher than EHBIow. As the RQD decreases, the ratio Elab /
EHBIow increases. For the Bass Islands Group and Salina Unit F bedrock, the ratios of Elab

/ EHB,low are 15.0 and 27.4, respectively.
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Table 1I
Comparing the Average Elastic Modulus based on Laboratory

Unconfined Compression Tests and the Lower Bound Elastic Modulus
based on Hoek-Brown Criterion

Average
Modulus of Lower Bound
Elasticity Elastic Modulus
based on based on Hoek-

Average Laboratory Brown Criterion, Ratio
RQD(1I Test, (Elab) (EHB Iow) Elab /

Rock Unit (%) (ksf) (ksf) EHBIow
Bass IslandBass 54 898,600 59,900

Group 15.0

Unit F 13 529,200 19,300 27.4
Salina Unit E 72 671,500 349,000 1.9
Group Unit C 97 763,200 482,100 1.6

Unit B 97 1,504,800 1,102,700 1.4
Notes:
(1) The average RQD was based on FSAR Table 2.5.4-202.

c) For the total rebound and settlement evaluations, the selected parameter values may be
"conservative ", but please provide additional information for the appropriateness and
conservativeness of the selected modulus values as affecting the results of differential
settlement evaluations.

FSAR Section 2.5.4.10.2 states:

"For analysis of settlements, the lower bound E based on the Hoek-Brown
criterion for each bedrock unit were selected. It is believed that the average E of
the bedrock units will be greater than the lower bound E from' the Hoek-Brown
criterion; therefore, estimated settlement will represent upper limit estimates.
These lower bound E are used for settlement analysis."

The rebound, and total and differential settlements estimated using the lower bound
elastic modulus obtained based on the Hoek-Brown criterion represent upper limit
estimates. The appropriateness and conservativeness of the selected modulus values are
discussed herein:

I. The results of subsurface investigations at the Fermi 3 area reveal that the site
stratigraphy is relatively uniform throughout the Fermi 3 area as discussed in the
response to RAI 02.05.04-7 (Attachment 12 to this letter).

Attachment 21 to 
NRC3-10-0002 
Page 5 r 

Table 1· 
Comparing the Average Elastic Modulus based on Laboratory 

. Unconfined Compression Tests and the Lower Bound Elastic Modulus 
based on Hoek-Brown Criterion 

Average 
Modulus of Lower Bound 
Elasticity Elastic Modulus 
based on based on Hoek-

Averaye Laboratory Brown Criterion, Ratio 
RQD( ) Test, (Elab) (EHB low) Elab / 

Rock Unit (%) (ksf) (ksf) EHBlow 
Bass Island 

54 898,600 59,900 I 

Group 
, 

15.0 
UnitF 13 529,200 19,300 27.4 

Salina UnitE 72 671,500 349,000 1.9 
Group Unit C 97 763,200 482,100 1.6 

UnitB 97 1,504,800 1,102,700 1.4 
Notes: 
(1) The average RQD was based on FSAR Table 2.5.4-202. 

c) For the total rebound and settlement evaluations, the selected parameter values may be 
"conservative ", but please provide additional information for the appropriateness and 
conservativeness of the selected modulus values as affecting the results of differential 
settlement evaluations. 

"'-. 

FSAR Section2.5.4.10.2 states: 

"For analysis of settlements, the lower bound E based on the Hoek-Brown 
criterion for each bedrock unit were selected. It is believed that the average E of 
the bedrock units will be greater than the lower bound E frorh the Hoek-Brown 
criterion; therefore, estimated settlement will represent upper limit estimates . 

. These lower bound E are used for settlement analysis." 

The rebound, and total and differential settlements estimated using the lower bound 
elastic modulus obtained based on the Hoek-Brown criterion represent upper limit 
estimates. The appropriateness and conservativeness of the selected modulus values are 
discussed herein: 

. I. The results of subsurface investigations at the Fermi 3 area reveal that the site 
stratigraphy is relatively uniform throughout the Fermi 3 area as discussed in the 
response to RAT 02.05.04-7 (Attachment 12 to this letter). 
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II. The testing results on the subsurface materials show that the subsurface material
properties are consistent, as discussed inthe responses to RAI 02.05.04-3 part (a).

III. As discussed in parts (a) and (b) of this response, the lower bound elastic modulus
obtained based on the Hoek-Brown criterion is significantly lower than the
average elastic modulus obtained based on laboratory and in-situ measurements.

Since the site stratigraphy is relatively uniform and the subsurface material properties are
consistent, differential settlement of a foundation mat is mainly due to non-symmetrical loading
conditions. For Fermi 3, the settlement analysis was performed using a 3D finite element
program capable of calculating settlement caused by non-symmetrical loadings induced by
adjacent buildings in the power block area, which provides a more accurate and realistic
settlement and differential settlement estimate for Seismic Category I structures. Therefore, it is
concluded that the rebound, and total and differential settlement estimates provided in FSAR
Tables 2.5.4-230, 2.5.4-23 1, and 2.5.4-232 represent the upper limit estimates and are within the
acceptance criteria required in the Referenced DCD.

FSAR Table 2.5.4-222 will be revised to indicate which bedrock samples tested for unconfined
compression, were located close to and below the safety-related foundations. FSAR Section
2.5.4.10.2 will be revised based on the conclusion that the rebound, and total and differential
settlement estimates represent the upper limit estimates.

Proposed COLA Revision

Proposed revisions to the FSAR Section 2.5.4.10.2 and FSAR Table 2.5.4-222 are shown in the
attached markup.
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Markup of Detroit Edison COLA
(following 5 pages)

The following markup represents how Detroit Edison intends to reflect this RAI response in a
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by
revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content
that appears in a future submittal may be different than presented here.
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dynamic bearing pressure based on both methods was greater than the
minimum dynamic bearing capacity required in the Referenced DCD as

shown in Table 2.5.4-227.

2.5.4.10.2 Rebound Due to Excavation and Settlement Analysis

All Seismic Category I structures are founded on either bedrock or lean
concrete overlying bedrock (Subsection 2.5.4.3); therefore, only linear

elastic deformation is considered for settlement analysis. The parameter

of interest for linear elastic settlement in the bedrock is E, which is
addressed herein.

The E values of bedrock units at the Fermi 3 site obtained by various
methods are summarized in Table 2.5.4-228. The various methods used

to determine the E of bedrock units are 1) stress-strain curve from

laboratory unconfined compression tests, 2) wave equation obtained by
solving 3-dimensional equations of motion (using mean Vs from P-S

suspension), 3) empirical approach using the Hoek-Brown criterion, and
4) stress-strain curve from results of pressuremeter testing.

For the Bass Islands Group and Salina Group Unit F, the largest E is the

average E obtained from laboratory tests, because the unconfined
compression tests were performed on intact rock samples which do not
take the fractured nature of the bedrock mass into consideration. The E

calculated from average Vs is lower, because the average Vs is more

representative of the bedrock mass. The ratio of the E, based on
laboratory tests, to the E, based on average Vs, is approximately 1.6 for

the Bass Islands Group (average RQD is 54 percent) and 4.0 for the

Salina Group Unit F (average RQD is 13 percent). The E calculated from
average Vs and laboratory testsare both greater than the upper bound E

using the Hoek-Brown criterion. The average E, based on the
pressuremeter tests in Salina Group Unit F, falls within the upper and
lower bound E based on Hoek-Brown criterion.

For Salina Group Unit E (average RQD is 72 percent) and Unit C

(average RQD is 97 percent), the E of bedrock based on the average Vs
are greater than the average E measured from laboratory unconfined
compression tests. The ratio of the E based on laboratory tests to the E
from the average Vs are approximately 0.9 and 0.8 for Unit E and Unit C,
respectively, which shows good agreement.-The E calculated from

average Vs and laboratory tests are greater than the upper bound E

using the Hoek-Brown criterion.
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pressuremeter tests in Salina Group Unit F, falls within the upper and 
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For Salina Group Unit B (average RQD is 97 percent), the E using

laboratory tests is greater than the E based on the average Vs, with a

ratio of approximately 1.3, which is in agreement. The calculated E based

on the average Vs falls within the upper and lower bound E based on

Hoek-Brown criterion.

For analysis of settlements, the lower bound E based on the Hoek-Brown

criterion for each bedrock unit were selected. It is believed that the

average E of the bedrock units will be greater than the lower bound E

from the Hoek-Brown criterion; therefore, estimated will

represent upper limit estimates. These lower bound Earn ,,, farL
s l n n s rebound, and total andsettlement analysis. differetia setemn

differential setttlement
The buildings in the power block area are in close proximity as own on

Figure 2.5.1-236. Furthermore, the arrangement of and loading

conditions on the buildings are not symmetrical. Due to the complex

loading condition, a three-dimensional finite element program, PLAXIS

3D Foundation, Version 2.1, was used to estimate the settlements of

Seismic Category I structures. This software is capable of analyzing
load-displacement behavior of subsurface materials under complex

geometry and loading situations. The 3D finite element analysis was

used to take into account settlement caused by non-symmetrical loadings

caused by adjacent buildings in the power block'area.

The ADB and HMS will have the greatest impact to settlement of the

R/FB if located immediately adjacent to the R/FB, as this results in the

greatest stress from these structures applied below the R/FB. Therefore,

in the finite element model, the ADB and HMS are located immediately

adjacent to the R/FB.

Subsurface material properties are presented in Subsection 2.5.4.2.1.

The E of bedrock selected for rebound and settlement analyses are

discussed in Subsection 2.5.4.2.1.2. Other parameters such as total unit

weight and Poisson's ratio are presented in Table 2.5.4-202. In addition,

E, Poisson's ratio, and total unit weight of lean concrete are needed since

soils underneath. the FWSC are removed and backfilled with lean

concrete. As stated in Subsection 2.5.4.5.4.2 the mean compressive

strength of the lean concrete is 2000 psi. However, a lower bound E for

lean concrete was calculated using areduced compressive strength of

300 psi.The parameters for the linear elastic model are summarized in

Table 2.5.4-229.
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Table 2.5.4-222 Results of Unconfined Compression Tests on Rock Samples (Sheet I of 3) [EF3 COL 2.0-29-A]

Borin
No.

CB-C2

CB-C4

RB-Cl

RB-Cl

RB-C1

RB-Cl

RB-Cl

RB-C2

RB-C2

RB-C2

RB-C2

RB-C2

RB-C2

RB-C3

RB-C3

RB-C4

RB-C4

RB-C4

RB-C4

RB-C5

g

F(1)]

FlE]
E]
(1)

Run
No.

22

14

6

10

16

19

64

13

23

34

Sample Depth

(ft)

133.2 - 134.1

91.8-92.5

62.1 -63.2

79.3 - 80.5

108.0 - 108.7

120.4 - 121.3

251.5 - 254.5

71.1 -72

124.0- 124.5

163.8 - 164.6

Rock Unit

Salina F

Bass Islands

Bass Islands

Bass Islands

Bass Islands

Bass Islands

Salina E

Bass Islands

Salina F

Salina F

Sample
Sample Diameter

Length (L) (D)

(in) (in)

6.45 3.23

4.73 2.35

4.74 2.40

4.56 2.37

4.39 2.30

4.56 2.32

4.60 2.34

4.70 2.37

3.84 2.38

4.48 2.39

LID
Ratio

2.0

2.0

2.0

1.9

1.9

2.0

2.0

2.0

1.6

1.9

Total Unit
Weight

(pcf)

192.9

156.0

151.5

147.7

150.0

169.5

149.4

162.5

196.2

138.4

Unconfined
Compressive Strength

(psi)

5,040

13,690

10,830

15,640

21,450

14,550

19,140

11,050

5,960

310

(ksf)

730

1,970

1,560

2,250

3,090

2,100

2,760

1,590

860

40

Elastic Modulus

(psi) (ksf)

3,800,000 547,200

11,400,000 1,641,600

7,300,000 1,051,200

5,000,000 720,000

7,300,000 1,051,200

7,800,000 1,123,200

5,300,000 763,1200

5,700,000 820,800

3,000,000 432,000

1,100,000 158,400

(1 43 187.0 - 188.0 Salina F 4.37 2.40 1.8 137.3 400 60 111,000 •16,000

1)147 207.8 - 208.3 Salina F 4.65 2.40 1.9 137.5 2,980 430 4,300,000 619,200

( 55 242.2 - 243.2 Salina F 4.63 2.37 2.0 162.4 21,310 3,070 7,500,000 1,080,000

( 54 234.8 - 235.3 Salina F 4.46 2.30 1.9 156.1 1,660 240 670,000 96,500

1)156 247.0 - 247.5 Salina E 4.72 2.37 2.0 149.4 8,230 1,190 1,900,000 273,600

10 81.5-82.8 Bass Islands 4.59 2.40 1.9 150.7 6,680 960 4,800,000 691,200

(1) 18 119.2 - 120.4 Bass Islands 4.73 2.39 2.0 -167.7 11,750 1,690 8,100,000 1,166,400

1)144 194.2 - 195.1 Salina F 4.80 2.39 2.0 158.1 5,180 750 6,400,000 921,600

[(1)
(1 48

6

212.2

57.0 - 58.3

Salina F

Bass Islands

4.71 2.40

4.59 2.41

2.0

1.9

162.2

147.8

16,760

14,360

2,410

2,070

6,700,000 964,800

7,400,000 1,065,600
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Table 2.5.4-222 Results of Unconfined Compression Tests on Rock Samples (Sheet 1 of 3) [EF3 COL 2.0-29-A] 

Sample 
Sample Diameter Total Unit Unconfined 

Sample Depth Length (L) (D) Weight Compressive Strength Elastic Modulus 
Boring Run LID 

No. No. (ft) Rock Unit (in) (in) Ratio (pcf) (psi) (ksf) (psi) (ksf) 

CB-C2 22 133.2-134.1 Salina F 6.45 3.23 2.0 192.9 5,040 730 3,800,000 547,200 

CB-C4 E2D 14 91.8 - 92.5 Bass Islands 4.73 2.35 2.0 156.0 13,690 1,970 11,400,000 1,641,600 

RB-C1 ~ 6 62.1 - 63.2 Bass Islands 4.74 2.40 2.0 151.5 10,830 1,560 7,300,000 1,051,200 

RB-C1 E2D 10 79.3 - 80.5 Bass Islands 4.56 2.37 1.9 147.7 15,640 2,250 5,000,000 720,000 

RB-C1 E2D 16 108.0 - 108.7 Bass Islands 4.39 2.30 1.9 150.0 21,450 3,090 7,300,000 1,051,200 

RB-C1 ~ 19 120.4-121.3 Bass Islands 4.56 2.32 2.0 169.5 14,550 2,100 7,800,000 1,123,200 

RB-C1 1(1) 1 64 251.5 - 254.5 Salina E 4.60 2.34 2.0 149.4 19,140 2,760 5,300,000 763,200 

RB-C2 1(1) 1 13 71.1-72 Bass Islands 4.70 2.37 2.0 162.5 11,050 1,590 5,700,000 820,800 

RB-C2 ~ 23 124.0 - 124.5 Salina F 3.84 2.38 1.6 196.2 5,960 860 3,000,000 432,000 

RB-C2 E2D 34 163.8 - 164.6 Salina F 4.48 2.39 1.9 138.4 310 40 1,100,000 158,400 

RB-C21(1) 1 43 187.0 - 188.0 Salina F 4.37 2.40 1.8 137.3 400 60 111,000 . 16,000 

RB-C2 ~ 47 207.8 - 208.3 Salina F 4.65 2.40 1.9 137.5 ° 2,980 430 4,300,000 619,200 

RB-C2 1(1) 1 55 242.2 - 243.2 Salina F 4.63 2.37 2.0 162.4 21,310 3,070 7,500,000 1,080,000 

RB-C3 1(1) 1 54 234.8 - 235.3 Salina F 4.46 2.30 1.9 156.1 1,660 240 670,000 96,500 

RB-C3 ~ 56 247.0 - 247.5 Salina E 4.72 2.37 2.0 149.4 8,230 1,190 1,900,000 273,600 

RB-C4 E2D 10 81.5 - 82.8 Bass Islands 4.59 2.40 1.9 150.7 6,680 960 4,800,000 691,200 

RB-C4 1(1) 118 119.2 - 120.4 Bass Islands 4.73 2.39 2.0 ·167.7 11,750 1,690 8,100,000 1,166,400 

RB-C4~ 44 194.2-195.1 Salina F 4.80 2.39 2.0 158.1 5,180 750 6,400,000 921,600 

RB-C4 E2D 48 212.2 Salina F 4.71 2.40 2.0 162.2 16,760 2,410 6,700,000 964,800 

RB-C5 E2D 6 57.0 - 58.3 Bass Islands 4.59 2.41 1.9 147.8 14,360 2,070 7,400,000 1,065,600 

Fermi 3 2-1125 Revision 1 
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Table 2.5.4-222 Results of Unconfined Compression Tests on Rock Samples (Sheet 2 of 3) [EF3 COL 2.0-29-Al I

Sample
Sample Diameter

Length (L) (D)
Boring

No.
Run
No.

Sample Depth

(ft) Rock Unit (in) (in)
LID

Ratio

Total Unit
Weight

(pcf)

Unconfined
Compressive Strength Elastic Modulus

(psi) (ksf)(psi) (ksf)

RB-C5 (1 12 89.5-90.5 Bass Islands 4.69 2.40 2.0 154.8 14,680 2,110 9,300,000 1,339,200

RB-C5 (1 44 213.0 -'214.0 Salina F 4.52 2.40 1.9 142.2 10,940 1,580 1,000,000. 144,000

RB-C5 (1 45 219.8 - 220.5 Salina F 4.85 2.39 2.0 145.2 5,840 840 6,700,000 964,800

RB-C7 (1 7 50.0-51.9 Bass Islands 4.60 2.39 1.9 124.9 8,630 1,240 2,300,000 331,200

RB-C7 (1 17 101.7 - 102.4 Bass Islands 4.59 2.39 1.9 152.8 19,170 2,760 5,300,000 763,200

RB-C8 (1 11 75.5-84.4 Bass Islands 6.34 3.25 2.0 152.5 11,130 1,600 7,000,000 1,008,000

RB-C8 (1 43 240.1 - 240.9 Salina E 6.30 3.24 1.9 140.4 17,750 2,560 5,400,000 777,600

RB-C8 (1 57 306.8- 308.0 Salina E 5.45 3.28 1.7 142.6 3,110 450 3,500,000 504,000

RB-C8 (1 63 338.8- 340.1 Salina C 6.35 3.26 1.9 166.6 9,670 1,390 5,900,000 849,600

RB-C8 ( 80 424.7- 426.7 Salina B 6.00 3.27 1.8 145.4 7,840 1,130 10,000,000 1,440,000

RB-C8 85 441.7 - 451.1 Salina B 6.37 3.28 1.9- 170.5 13,480 1,940 10,900,000 1,569,600

RB-C9

RB-C11

RB-C11

RW-C1

RW-C1

RW-C1

RW-C1

TB-C5

TB-C5

(:1)] 18

( 9
(51)13

6

9

11

54

6

17

114.5- 114.9

70.5-71.1

93.3 - 94.3

55.5 - 56.2

68.0 - 69.0

80.6 - 81.2

261.2 - 262.0

49.3 - 50.3

98.4 - 99.3

Salina F

Bass Islands

Bass Islands

Bass Islands

Bass Islands

Bass Islands

Salina E

Bass Islands

Bass Islands

4.84

4.76

4.62

4.73

4.76

5.03

6.55

6.62

2.40

2.40

2.40

2.40

2.40

2.40

3.23

3.27

4.80 2.40 2.0 159.0 6,390 920

2.0

2.0-

1.9

2.0

2.0

2.1

2.0

2.0

140.9

133.8

157.0

144.3

159.7

153.4

140.7

164.4

8,690

15,100

10,830

10,370

10,940

12,310

7,800

22,320

1,250

2,170

1,560

1,490

1,580

1,770

1,120

3,210

1,700,000 244,800

2,500,000 360,000

4,710,000 678,200

5,600,000 806,400

5,600,000 806,400

6,000,000 864,000

5,600,000 806,400

3,700,000 532,800

8,000,000 1,152,000
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Table 2.5.4-222 . Results of Unconfined Compression Tests on Rock Samples (Shee~ 2 of 3) [EF3 COL 2.0-29-A] 

Sample 
Sample Diameter Total Unit Unconfined 

Boring Run 
Sample Depth Length (L) (D) 

LID 
Weight Compressive Strength Elastic Modulus 

No. No. (tt) Rock Unit (in) (in) Ratio (pcf) (psi) (ksf) (psi) (ksf) 

RB-C5 ~ 12 89.5 - 90.5 Bass Islands 4.69 2.40 2.0 154.8 14,680 2,110 9,300,000 1,339,200 

RB-C5 EU44 213.0 ~ 214.0 Salina F 4.52 2.40 1.9 142.2 10,940 1,580 1,000,000. 144,000 

RB-C5 EU45 219.8 - 220.5 Salina F 4.85 2.39 2.0 145.2 5,840 840 6,700,000 964,800 

RB-C7 ~7 50.0 - 51.9 Bass Islands 4.60 2.39 1.9 124.9 8,630 1,240 2,300,000 331,200 

RB-C7 EU 17 101.7-102.4 Bass Islands 4.59 2.39 1.9 152.8 19,170 2,760 5,300,000 763,200 

RB-C8 EU 11 75.5 - 84.4 Bass Islands 6.34 3.25 2.0 152.5 11,130 1,600 7,000,000 1,008,000 

·RB-C8 ~43 240.1 - 240.9 Salina E 6.30 3.24 1.9 140.4 17,750 2,560 5,400,000 777,600 

RB-C8 EU 57 306.8 - 308.0 Salina E 5.45 3.28 1.7 142.6 3,110 450 3,500,000 504,000 

RB-C8 EU 63 ·338.8 - 340.1 . Salina C 6.35 3.26 1.9 166.6 9,670 1,390 5,900,000 849,600 

RB-C8 ~80 424.7 - 426.7 Salina B 6.00 3.27 1.8 145.4 7,840 1,130 10,000,000 1,440,000 

RB-C8 1(1) 185 441.7 - 451.1 Salina B 6.37 3.28 1.9 < 170.5 13,480 1,940 10,900,000 1,569,~00 

RB-C9 EU18 114.5 - 114.9 Salina F 4.80 2.40 2.0 159.0 6,390 920 1,700,000 244,800 

RB-C11 ~ 9 70.5 - 71.1 Bass Islands 4.84 2.40 2.0 140.9 8,690 1,250 2,500,000 360,000 

RB-C11 1(1) 113 93.3 - 94.3 Bass Islands 4.76 2.40 2.0_ 133.8 15,100 2,170 4,710,000 678,200 

RW-C1 6 55.5 - 56.2 Bass Islands 4.62 2.40 1.9 157.0 10,830 1,560 5,600,000 806,400 

RW-C1 9 68.0 - 69.Q Bass Islands 4.73 2.40 2.0 144.3 10,370 1,490 5,600,000 806,400 

RW-C1 11 80.6 - 81.2 Bass Islands 4.76 2.40 2.0 159.7 10,940 1,580 6,000,000 864,000 

RW-C1 54 261.2 - 262.0 Salina E 5.03 2.40 2.1 153.4 12,310 1,770 5,600,000 806,400 

TB-C5 6 49.3 - 50.3 Bass Islands 6.55 3.23 2~0 140.7 7,800 . 1,120 3,700,000 532,800 

TB-C5 17 . 98.4 - 99.3 Bass Islands 6.62 3.27 2.0 164.4 22,320 3,210 8,000,000 1,152,000 

Fermi 3 2-1126 Revision 1 
Combined License Application March 2009 



Table 2.5.4-222 Results of Unconfined Compression Tests on Rock Samples (Sheet 3 of 3) [EF3 COL 2.0-29-A] I

Boring
No.

TB-C5

TB-C5

TB-C5

TB-C5

ft = feet
in = inches

Run
No.

41

59

62

67

Sample Depth

(ft) Rock Unit

219.1 - 220.0 Salina F

304.0 - 305.0 Salina E

319.0 - 320.0 Salina E

343.4 - 344.3 Salina C

pcf = pounds per cubic foot
psi = pounds per square inch

Sample
Sample Diameter

Length (L) (D) LID

(in) (in) Ratio

6.53 3.26 2.0

6.52 3.25 2.0

6.35 3.27 1.9

6.33 3.25 1.9

ksf = kips per square foot
L/D = length to diameter ratio

Total Unit
Weight

(pcf)

149.6

166.2

149.7

167.1

Unconfined
Compressive Strength

.(psi) (ksf)

1,910 280

12,020 1,730

6,690 960

15,250 2,200

Elastic Modulus

(psi) (ksf)

4,800,000 691,200

9,300,000 1,339,200

3,600,000 518,400

4,700,000 676,800

Notes:
(1) Sample obtained close to or below the base of the safety-related structure

Fermi 3
Combined License Application

2-1127 Revision 1
March 2009

Table 2.5.4-222 Results of Unconfined Compression Tests on Rock Samples (Sheet 3 of 3) 

Sample 
Sample Diameter Total Unit Unconfined 

Boring Run 
Sample Depth Length (L) (D) 

LID 
Weight Compressive Strength 

No. No. (tt) Rock Unit (in) (in) Ratio (pet) .(psi) (kst) 

TB-C5 41 219.1-220.0 Salina F 6.53 3.26 2.0 149.6 1,910 280 

TB-C5 59 304.0 - 305.0 Salina E 6.52 3.25 2.0 166.2 12,020 1,730 

TB-C5 62 319.0 - 320.0 Salina E 6.35 ).27 1.9 149.7 6,690· 960 

TB-C5 67 343.4 - 344.3 Salina C 6.33 3.25 1.9 167.1 15,250 2,200 

ft = feet pcf = pounds per cubic foot ksf = kips per square foot 
in = inches psi = pounds per square inch UD = length to diameter ratio 

Notes: 
(1) Sample obtained close to or below the base of the safety-related structure 

Fermi 3 2-1127 
Combined License Application 

[EF3 COL 2.0-29-A] I 

Elastic Modulus 

(psi) 

4,800,000 

9,300,000 

3,600,000 

4,700,000 

<r 

(kst) 

691,200 

1,339,200 

518,400 

676,800 

Revision 1 
March 2009 
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RAI 02.05.04-25

FSAR section 2.5.4.10.2 states that the settlement analysis was performed in stages to calculated
excavation rebound and total foundation settlements (settlement from the rebounded position).
The section further states that the second stage simulated the rebound associated with load
removal when excavation was performed to appropriate foundation elevations or to top of
bedrock in the power block area. The section also concludes that only elastic settlements are
considered in the analysis and there is no long-term (post-construction) settlement anticipated at
the Fermi 3 site.

a. Referred Table 2.5.4-230 shows that rebound at the FWSC foundation level is not
applicable because the foundation soil under the FWSC will be removed to top of
bedrock. However, the rebound at excavated level under the FWSC during excavation
stage is important in order to determine the FWAC settlements. Please provide these
values.

b. Please clarify whether presented total foundation settlements for the FWSC in Table
2.5.4-231 are referenced to the rebounded position or the top of lean concrete fill. Please
describe the loading and construction procedures and explain how the rebound at
excavation level is taken into account for the FWSC settlements.

c. Taking into account of 30' thick low strength lean concrete fill, please provide
justification on how long-term deformation (or creep) is not anticipated for FWSC
settlements.

Response

a) Referred Table 2.5.4-230 shows that rebound at the FWSC foundation level is not
applicable because the foundation soil under the FWSC will be removed to top of
bedrock However, the rebound at excavated level under the FWSC during excavation
stage is important in order to determine the FWAC settlements. Please provide these
values.

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.2, states:

"Figure 2.5.4-228 and Figure 2.5.4-229 show the graphical results from finite
element analysis for excavation rebound at the completion of excavation, and for
total settlements caused by structure and fill loads, respectively. The settlement
analysis results are summarized in Table 2.5.4-230 and Table 2.5.4-23 1,
respectively, for excavation rebound, and total (settlement from the rebounded
position) foundation settlements. Only settlements under Seismic Category I
structures are shown in these tables. The calculated total and differential
settlements in Table 2.5.4-232 are within the acceptance criteria required in the
Referenced DCD."
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RAI 02.05.04-25 

FSAR section 2.5.4.10.2 states that the settlement analysis was performed in stages to calculated 
excavation rebound and total foundation settlements (settlement from the rebounded position). 
The section further states that the second stage simulated the rebound associated with load 
removal when excavation was performed to appropriate foundation elevations or to top of 
bedrock in the power block area. The section also concludes that only elastic settlements are 
considered in the analysis and there is no long-term (post-construction) settlement anticipated at 
the Fermi 3 site. 

a. Referred Table 2.5.4-230 shows that rebound at the FWSC foundation level is not 
applicable because the foundation soil under the FWSC will be removed to top of 
bedrock. However, the rebound at excavated level under the FWSC during excavation 
stage is important in order to determine the FWAC settlements. Please provide these 
values. 

b. Please clarify whether presented total foundation settlements for the FWSC in Table 
2.5.4-231 are referenced to the rebounded position or the top of lean concrete fill. Please 
describe the loading and construction procedures and explain how the rebound at 
excavation level is taken into account for the FWSC settlements. 

c. Taking into account of 30' thick low strength lean concrete fill, please provide 
justification on how long-term deformation (or creep) is not anticipatedfor FWSC 
settlements. 

Response 

a) Referred Table 2.5.4-230 shows that rebound at the FWSCfoundation level is not 
applicable because the foundation soil under the FWSC will be removed to top of 
bedrock. However, the rebound at excavated level under the FWSC during excavation 
stage is important in order to determine the FWAC settlements. Please provide these 
values. 

Fermi 3 FSAR, Revision 1 ,Section 2.5.4.10.2, states: 

"Figure 2.5.4-228 and Figure 2.5.4-229 show the graphical results from finite 
element analysis for excavation rebound at the completion of excavation, and for 
total settlements caused by structure and fill loads, respectively. The settlement 
analysis results are summarized in Table 2.5.4-230 and Table 2.5.4-231, 
respectively, for excavation rebound, and total (settlement from the rebounded 
position) foundation settlements. Only settlements under Seismic Category I 
structures are shown in these tables. The calculated total and differential 
settlements in Table 2.5.4-232 are within the acceptance criteria required in the 
Referenced DCD." 
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The rebound with the excavation for the FWSC at the top of Bass Islands Group bedrock
is provided in the attached markup of FSAR Table 2.5.4-230. However, the settlement of
FWSC is not calculated from the rebound position with the excavation level at the top of
the bedrock as explain below in part (b).

b) Please clarify whether presented total foundation settlements for the FWSC in Table
2.5.4-231 are referenced to the rebounded position or the top of lean concrete fill. Please
describe the loading and construction procedures and explain how the rebound at
excavation level is taken into account for the FWSC settlements.

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.2, states:

"Information from Table 2.5.4-226 and Table 2.5.4-229 was used as inputs for the
finite element analysis. The settlement analysis for the Seismic Category I
structures was performed in stages. The initial stage was used to define the initial
states of stress in the ground. The second stage simulated the rebound associated
with load removal when excavation was performed to appropriate foundation
elevations or to top of bedrock in the power block area. The remaining stages
were simulated to estimate settlement after loadings were applied. Only elastic
settlements are considered in the analysis and there is no long term (post-
construction) settlement anticipated at the Fermi 3 site."

Total foundation settlements for the FWSC in FSAR Table 2.5.4-231 are referenced to
the top of the lean concrete fill. The construction sequence simulated in the finite
element analysis for the FWSC is as follows:

" The first construction stage was to simulate the excavation by removal of
overburden and/or bedrock to the various foundation levels required within the
excavation. For the FWSC the excavation was simulated extending to the top of
bedrock, the Bass Islands Group. Upon excavation, rebound was estimated at the
top of bedrock due to reduction in vertical stress at the FWSC area.

* The second stage consisted of simulated backfill placement. At the FWSC the
backfill consists of lean concrete, which was placed immediately abovethe top of
bedrock to the FWSC foundation level. For the remainder of the excavation, the
backfill consists of engineered granular backfill. At the FWSC, the load from the
lean concrete backfill caused the top of bedrock to settle from the rebounded
position.

* Stage three consisted of simultaneously introducing the loads of the structures at
the foundation levels. The loading of the FWSC structure was applied to the lean
concrete at the FWSC foundation level.

" During the fourth stage, the engineered granular backfill used to raise the site
from the existing plant grade to the final plant grade was introduced around the
FWSC and other structures, as the load of the fill also applies some stress below
the FWCS foundation.
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The rebound with the excavation for the FWSC at the top of Bass Islands Group bedrock 
is provided in the attached markup of FSAR Table 2.5.4-230. However, the settlement of 
FWSC is not calculated from the rebound position with the excavation level at the top of 
the bedrock as explain below in part (b). 

b) Please clarify whether presented total foundation settlements for the FWSC in Table 
2.5.4-231 are referenced to the rebounded position or the top of lean concrete fill. Please 
describe the loading and construction procedures and explain how the rebound at 
excavation level is taken into account for the FWSC settlements. . 

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.2, states: 

"Information from Table 2.5.4-226 and Table 2.5.4-229 was used as inputs for the 
finite element analysis. The settlement analysis for the Seismic Category I 
structures was performed in stages. The initial stage was used to define the initial 
states of stress in the ground. The second stage simulated the rebound associated 
with load removal when excavation was performed to appropriate foundation 
elevations or to top of bedrock in the power block area. The remaining stages 
were simulated to estimate settlement after loadings were applied. Only elastic 
settlements are considered in the analysis and there is no long term (post
construction) settlement anticipated at the Fermi 3 site." 

Total foundation settlements for the FWSC in FSAR Table 2.5.4-231 are referenced to 
the top of the lean concrete fill. The construction sequence simulated in the finite 
element analysis for the FWSC is as follows: 

• The first construction stage was to simulate the excavation by removal of 
overburden and/or bedrock to the various foundation levels required within the 
excavation. For the FWSC the excavation was simulated extending to the top of 
bedrock, the Bass Islands Group. Upon excavation, rebound was estimated at the 
top of bedrock due to reduction in vertical stress at the FWSC area. 

• The second stage consisted of simulated backfill placement. At the FWSC the 
backfill consists of lean concrete, which was placed immediately above the top of 
bedrock to the FWSC foundation level. For the remainder of the excavation, the 
backfill consists of engineered granular backfill. At the FWSC, the load from the 
lean concrete backfi 11 caused the top of bedrock to settle from the rebounded 
position. 

• Stage three consisted of simultaneously introducing the loads of the structures at 
the foundation levels. The loading of the FWSCstructure was applied to the lean 
concrete at the FWSC foundation level. 

• During the fourth stage, the engineered granular backfill used to raise the site 
from the existing plant grade to the final plant grade was introduced around the 
FWSC and other structures, as the load of the fill also applies some stress below 
the FWCS foundation. 
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Using this approach, stress changes associated with construction of the FWSC were
modeled and the settlement estimated.

The settlement of the FWSC foundation was caused by the loadings from the structure
itself and the engineered granular backfill above the foundation level. The settlement
caused by the loading from the weight of lean concrete should not be accounted for in the
total settlement of the FWSC foundation, as settlement associated with the lean concrete
occurs as the lean concrete is placed, which is prior to construction of the FWSC.
Therefore, the rebound position with the excavation at the top of the bedrock under the
FWSC during the first construction (excavation) stage is not used to estimate the FWSC
settlements.

c) Taking into account of 30' thick low strength lean concrete fill, please provide
justification on how long-term deformation (or creep) is not anticipated for FWSC
settlements.

The requests in part (c) of the above RAI were addressed in the response to RAI
02.05.04-18 part (b) (Detroit Edison Letter NRC3-09-0051 Attachment 15).

Proposed COLA Revision

Proposed revisions to FSAR Table 2.5.4-230 are shown in the attached markup.
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Using this approach, stress changes associated with construction of the FWSC were 
modeled and the settlement estimated. 

The settlement of the FWSC foundation was caused by the loadings from the structure 
itself and the engineered granular backfill above the foundation level. The settlement 
caused by the loading from the weight of lean concrete should not be accounted for in the 
total settlement of the FWSC foundation, as settlement associated with the lean concrete 
occurs as the lean concrete is placed, which is prior to construction of the FWSC. 
Therefore, the rebound position with the excavation at the top of the bedrock under the 
FWSC during the first construction (excavation) stage is not used to estimate the FWSC 
settlements. 

c) Taking into account of 30' thick low strength lean concrete fill, please provide 
justification on how long-term deformation (or creep) is not anticipatedfor FWSC 
settlements. 

The requests in part (c) of the above RAI were addressed in the response to RAI 
02.0S .04-18 part (b) (Detroit Edison Letter NRC3-09-00S1 Attachment IS). 

Proposed COLA Revision 

Proposed revisions to FSAR Table 2.S.4-230 are shown in the attached markup. 
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Markup of Detroit Edison COLA
(following 1 page)

The following markup represents how Detroit Edison intends to reflect this RAI response in a
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by
revisions to the ESBWR DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content
that appears in a future submittal may be different than presented here.

I 
, I 
I I 
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Markup of Detroit Edison COLA 
(following 1 page) 

The following markup represents how Detroit Edison intends to reflect this RAI response in a 
future submittal of the Fermi 3 COLA. However, the same COLA content may be impacted by 
revisions to the ESBWR OCD, responses to other COLA RAIs, other COLA changes, plant 
design changes, editorial or typographical corrections, etc. As a result, the final COLA content 
that appears in a future submittal may be different than presented here. 
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Part 2: Final Safety Analysis Report

Table 2.5.4-230 Calculated Rebound at Seismic Category I Structures due to

Excavation to Foundation Level [EF3 COL 2.0-29-A]

Rebound Due to Excavation at Foundation Corners and Center (inch)

Center or
Northwest Southwest Southeast Northeast close to

Building Corner Corner Corner Corner Center(2)

Reactor/Fuel 0.31 0.25 0.31 0.32 0.43
Building

Control Building 0.33 0.35 0.29 0.28 0.34

Firewater -(1) (1) (1)

Service*L/n
Complex Z 'I02ý

Notes: All values listed above are rounded to the nearest 0.01 inch. was estimae

1. The foundation soil under the FWSC will be removed to top of bedrock; therefore, fe rebound Ieq4
be detzrmined at the o during excavation stage; NA - Nut Appliable.

2. Nodes generated in t e mesh may not be exactly at the center of the foundation.

• top of bedrock (Bass

Islands Group)I

2-1136 Revision 1
March 2009

Table 2.5.4-230 

Building 

Reactor/Fuel 
Building 

Control Building 

Firewater 
Service 
Complex 

Fermi 3 
Combined License Application 

Part 2: Final Safety Analysis Report 

Calcula~ed Rebound at Seismic Category I Structures due to 
Excavation to Foundation Level [EF3 COL 2.0-29-A] 

Rebound Due to Excavation at Foundation Corners and Center (inch) 

Center or 
Northwest Southwest Southeast Northeast close to 

Corner Corner Corner Corner Center(2) 

0.31 0.25 0.31 0.32 0.43 

0.33 0.35 0.29 0.28 0.34 

:-NA(1) ~1) 

~ ~ ~ ~ L0 0.21 0.21 0.24 

. . ~was estimated I 
Notes: All values listed .above are rounded to the nearest 0.01 I~Ch. L _ .. ~ I 
1. The foundation soil under the FWSC will be removed to top of bedrock; therefore, flt) rebound ~ 

be deteFA'liAed at the . during excavation stage; NA r~ol Applicable. 

2. Nodes generated in t e mesh may not be exactly at the center of the foundation. 

top of bedrock (Sass 
Islands Group) 

2-1136 Revision 1 
March 2009 
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Attachment 23
NRC3-10-0002

Response to RAI Letter No. 16
(eRAI Tracking No. 3936)

RAI Question No. 02.05.04-26
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Attachment 23 
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Response to RAJ Letter No. 16 
(eRAI Tracking No. 3936) 

RAJ Question No. 02.05.04-26 
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RAI 02.05.04-26

FSAR Section 2.5.4.10.3 states that a surcharge pressure of 24 kPa (500 psJ) is to be used due to
the small to medium sized compaction equipment normally used for compaction of backfill
behind rigid retaining wall. It appears that FSAR Reference 2.5.4-245 is the basis for this
selection. Please provide some information regarding the basis for the adopted value and its
adopted distribution with depth.

Response

Fermi 3 FSAR, Revision 1, Section 2.5.4.10.3, states:

"Hydrostatic pressures are conservatively based on the groundwater table being 0.6 m (2
ft) below grade [El. 179.0 m (587.3 ft), NAVD 88]. A surcharge pressure of 24 kPa (500
psf) is used. Considering the small to medium sized compaction equipment normally
used for compaction of backfill behind rigid retaining walls, a 24 kPa (500 psf)
compactive surcharge pressure is appropriate for the additional compaction lateral earth
pressures that are developed (Reference 2.5.4-245)."

As indicated in Reference 1, compaction of the backfill material behind a wall tends to increase
horizontal (or lateral earth) pressures above those estimated by active or at rest values. Attached
Figure 1 (excerpt from Reference 1) illustrates the configuration of the increase in lateral earth
pressure associated with compaction. The lateral earth pressure induced by small to medium
sized compaction equipment was evaluated using the equation shown on Figure 1. For
demonstration purposes, a small size vibratory soil compactor, Wacker Neuson Model VP 2050
(Reference 2) was selected. The weight, centrifugal force, and base plate size of the vibratory
soil compactor, Wacker Neuson Model VP 2050, are summarized below:

* Operating weight is 230 lbs.
* Base plate size is 23 by 20 inches (length by width).
" Centrifugal force is 4,500 lbs.

The lateral earth pressure due to backfill compaction is estimated as follows:

~h,c 2Py (a$L)Ihc r \a+L)

where,

-h,c = Lateral pressure on wall due to backfill compaction

P = Roller Load = (dead weight of roller + centrifugal force) / width of roller
y = Unit weight of backfill = 130 pounds per cubic foot (pcf)
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ft) below grade [E1. 179.0 m (587.3 ft), NAVD 88]. A surcharge pressure of24 kPa (500 
pst) is used. Considering the small to medium sized compaction equipment normally 
used for compaction of backfill behind rigid retaining walls, a 24 kPa (500 pst) 
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pressures that are developed (Reference 2.5.4-245)." 

As indicated in Reference 1, compaction of the backfill material behind a wall tends to increase 
horizontal (or lateral earth) pressures above those estimated by active or at rest values. Attached 
Figure 1 (excerpt from Reference 1) illustrates the configuration of the increase in lateral earth 
pressure associated with compaction. The lateral earth pressure induced by small to medium 
sized compaction equipment was evaluated using the equation shown on Figure 1. For 
demonstration purposes, a small size vibratory soil compactor, Wacker Neuson Model VP 2050 
(Reference 2) was selected. The weight, centrifugal force, and base plate size of the vibratory 
soil compactor, Wacker Neuson Model VP 2050, are summarized below: 

• Operating weight is 230 lbs. 
• Base plate size is 23 by 20 inches (length by width). 
• Centrifugal force is 4,500 lbs. 

The lateral earth pressure due to backfill compaction is estimated as follows: 

where, 

(Jh.c = Lateral pressure on wall due to backfill compaction 

P = Roller Load = (dead weight of roller + centrifugal force) / width of roller 
r = Unit weight of backfill = 130 pounds per cubic foot (pet) 
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=3.1416

L = Length of roller = base plate length
a = Distance of roller from wall (assume 0 for conservative estimate of ,h, )

The lateral earth pressure is calculated as shown below:

= .230lb+ 4500lblr12in)= 2838b/f
P •, 20in J•.fl 831/

= _2-( L_ =2(28380b/fi)(lOlb/ fi3)( 23in
ah~c IF - _ 1412 484 psfIrh' r " a+LJ 3.1416 .(0 +23)in

The lateral earth pressure due to backfill compaction is less than 500 psf. The lateral earth
pressure due to compaction effort is applied to depths where the at-rest lateral pressure is less
than 500 psf. At depths where the at-rest lateral earth pressures are greater than 500 psf, the at-
rest lateral earth pressure is used.

References

1. Naval Facilities Engineering Command (NAVFAC), Design Manual 7.02, Foundation
and Earth Structures, 1986, pp 7.2-76 to 7.2-77.

2. Wacker Neuson Website, Technical Data for Single Data.Vibratory Plate Compactors
(Model VP -2050),
http://products.wackemeuson.com/webapp/ecomm/itemDisplay?page=2&partNbr=00095
15.
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7r = 3.1416 
L = Length of roller = base plate length 
a = Distance of roller from wall (assume 0 for conservative estimate of (j'h,~ ) 

The lateral earth pressure is calculated as shown below: 

p = (230Ib+ ~500Ib)(12in) = 2838lbl ! 
20m 1ft 

r---~------------

(j'h =~2pr(_L_')= 2(2838Iblft)(130Iblft3) ( 23in ):::::::484 PS! 

,c 7r a+L 3.1416 (0+ 23)in 

The lateral earth pressure due to backfill compaction is less than 500 psf. The lateral earth -
pressure due to compaction effort is applied to depths where the at-rest lateral pressure is less 
than 500 psf. At depths where the at-rest lateral earth pressures are greater than 500 psf, the at
rest lateral earth pressure is used. 

References 

1. Naval Facilities Engineering Command (NAVFAC), Design Manual 7.02, Foundation 
and Earth Structures, 1986, pp 7.2-76 to 7.2-77. 

2. Wacker Neuson Website, Technical Data for Single Data,Vibratory Plate Compactors 
(Model VP -2050), 
http://products.wackemeuson.com/webapp/ecomm/itemDisplay?page=2&partNbr=00095 
15. 



Attachment 23 to
NRC3-10-0002
Page 4

FOR ZciZid - I •A I "F

FOR Z~d
dP h R KA' Y' Z

P (ROLLER L-OAD) = DEAD WVT OF ROLLER4-I-CENTRIFUGAL FORCE

WIDTH OF ROLLER

a : DISTANCE OF ROLLER FROM WALL

L: LENGTH OF ROLLER

USE FIGURES 2,35, OR6 FOR KA

Figure I - Horizontal Pressure on Walls from Compaction Effort (Excerpt from Reference 1, Figure 13,
p. 7.2-77)

Proposed COLA Revision

None
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FOR Zd .. n.d 
iTh=fPY.~ 

.". o+L 
FOR Z)d 

0',,: KA" Y" Z 

\ 
\ 

\ d .. - I-

t------JLL--\---l.,--\~l ~ 

6"h 

P l ROLLER LOAD) = DEAD WT OF ROLLER + CENTRIFUGAL FORCE 
WIDTH OF ROLLER 

a : DISTANCE OF ROLLER FROM WALL 

L: LENGTH OF ROLLER 

USE FIGURES 2,3,5 OR 6 FOR KA 

Figure 1 - Horizontal Pressure on Walls from Compaction Effort (Excerpt from Reference 1, Figure l3, 
p.7.2-77) 

Proposed COLA Revision· 

None 




