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RAI 02.05.03-07

FSAR Sections 2.5.3.2.3 and 2.5.3.6 state that "Given the low strain rates in the site region, the
young surficial and near surface deposits are unsuitable for detecting long-term neotectonic
strain deformation. "FSAR Section 2.5.3.6 later argues that none of the mapped bedrock faults
are assessed to be capable tectonic sources based on lack of evidencefor post-Mesozoic
deformation and the absence of Quaternary deformation in the site area. Please explain more
fully how potential capable tectonic sources can be confidently characterized in the Site Region
if. (1) the Mesozoic stratigraphic record is missing, (2) the Quaternary record is limited to
glacial deposits younger than -13 ka that unconformably overlie Paleozoic rocks, and (3) the
young surficial and near-surface deposits are indeed "unsuitable for detecting long-term
neotectonic strain deformation" as previously stated in the FSAR.

Response

FSAR Section 2.5.3 addresses the potential for surface faulting at the Fermi 3 site. As stated in
the FSAR,

"Only one possible fault, the fault trend associated with the Sumpter pool as mapped in a
1962 publication by Ells (Reference 2.5.3-202), extends within the site area (8-km [5-mi]
radius). However, as discussed in Subsection 2.5.1.2.4.1, there is no documentation
supporting the existence of this postulated structure; the location is known only from a
small scale map (approximately one inch = 60 miles) (Reference 2.5.3-202). The folds,
which are defined based on structure contours on the top of the Ordovician Trenton
Formation (Figure 2.5.1-247), have gently dipping limbs (less than 0.9 degrees) and there
is nothing in the character of the folds that suggests the folds are fault-cored. The folds
are not well expressed in the structure contours on the Trenton Group as illustrated on
Figure 2.5.1-248a. Ells does not show these postulated fault trends along the New
Boston and Sumpter oil pools on his more recent compilation of fault or fold structures
(Reference 2.5.3-203)."

Available well data provide additional information that can be used to evaluate the possible
amounts of vertical deformation of bedrock units across the postulated Sumpter Pool and New
Boston faults. Well log data were obtained for borings along the traces of the postulated Sumpter
Pool and New Boston faults and within a range of up to 20 km (12.5 mi) from the possible faults
(FSAR Figure 2.5.1-265). An analysis of available logs for 20 oil wells within the vicinity of
these possible structures provided elevation constraints for the top of the Devonian Dundee
Formation (top of bedrock), Devonian Sylvania Formation, Silurian Bass Islands Group, and
Ordovician Trenton Formation. The limited well data provide approximate apparent dips for
strata across the Sumpter Pool and New Boston Pool possible faults (Figure 2.5.1-267). Not
every well log provided sufficient information to assess the elevation of the tops of all four units;
however, the bedrock units were each constrained by several well log elevations (listed below)
and were collectively used to provide a representative regional apparent dip.
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An analysis of the top of the Devonian Dundee Formation underlying surficial Pleistocene
glacial deposits revealed no apparent vertical displacement across the postulated Sumpter Pool
and New Boston faults (Figure 1). The elevations show no abrupt changes and record a broad,
flat-lying surface at a regional scale. Elevation data were obtained for the Sylvania Formation
(Figure 2) from well numbers 11746, 19214, 19484, 28435, 27980, 3701, 32883, 19549, 10877,
5830, 9873, and 10211 (Figure 2.5.1-265). Elevation data were obtained for the Bass Islands
Group (Figure 3) from well numbers 13867, 11746, 19260, 19214, 3265, 19484, 28435, 27980,
3701, 32883, 19789, 19549, and 9546. The elevations extracted from these wells collectively
record shallow apparent dips to the north-northeast of 0.2 and 0.13 degrees, respectively. These
apparent dips are based on elevation changes of approximately 90 m (300 ft) across 25 km (15
mi) in the Sylvania Formation and approximately 55 m (180 ft) across 25 km (15 mi) in the Bass
Islands Group (Figures 2 and 3). The apparent dip based on the subsurface geometry of the
Sylvania Formation and Bass Islands Group may record broad regional folding with shallow-
dipping limbs of up to 0.2 degrees. The well data suggest that there may be significant local
relief on the tops of the Silurian units. The variability in the elevation of the top of Sylvania and
Bass Islands Group surfaces is likely a result of dissolution associated with paleokarst
development. On a more regional scale, the structure contour map on the top of the Bass Islands
Group shown in Figure 2.5.1-248 also shows closed depressions and variable relief that is
consistent with karst development during the late Silurian - Devonian period of subaerial
exposure and erosion (see FSAR Subsection 2.5.1.2.3.1.2.1). Similar relief is not observed in the
picks for the top of the underlying Ordovician Trenton Formation.

The Trenton Formation underlies the aforementioned units and records no consistent vertical
displacement (Figure 4). Elevations were extracted from well numbers 2637, 19484, 19214,
5830, 10656, 10877, 10430, 9546, 10099, 10211, 19260, 3265, 11746, and 9873. The well data
suggest that the elevation of the top of the Trenton Formation in the vicinity of the Sumpter Pool
possible fault may be slightly higher (on the order of 10 m [33 ft] to 20 m [66 ft]) than the picks
for the top of the Trenton Formation in the vicinity of the New Boston Pool possible fault. The
apparent dip based on these elevations is approximately 0.07 to 0.14 degrees to the northeast.
There is no consistent vertical displacement across the possible structures that demonstrates the
presence of discrete faults.

The text in FSAR Sections 2.5.3.2.3 and 2.5.3.6 was not meant to imply that the surficial and
near-surface deposits of the Quaternary record in the site vicinity are unsuitable for use in
assessing fault capability. The site vicinity is underlain by deposits that record a series of late
glacial lakes that occupied the entire site vicinity during the time period from approximately
13,000 to 12,000 years before present (BP). Geomorphic and stratigraphic features that are
associated with the various glacial lake levels were initially formed at the same elevation and
therefore are good horizontal datums that can be used to evaluate evidence for tectonic
deformation. Although these deposits are not ideal for detecting long-term neotectonic strain
deformation (on the, order of hundreds of thousands of years), the deposits provide an almost
continuous stratigraphic record across the entire site vicinity that shows no evidence of
deformation. Mapping of the present elevations of strandline features associated with these
glacial lake levels indicates that there has been no tilting or differential uplift across the
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postulated Sumpter Pool and New Boston faults (see Response to RAI 02.05.03-06 [Attachment
29]).

The RAI requests additional clarification on the assessment of fault capability given the limited
stratigraphic record for the Mesozoic and the short Quatemary record. There is a very limited
stratigraphic record for the Mesozoic Era in the site region (within 300 km [200 mi.] radius) that
can be used to directly constrain the timing of most recent faulting and deformation. Evidence of
significant Mesozoic extension in the form of rift structures or Mesozoic plutons in the Fermi
site region, however, is not observed. Mesozoic extension is recognized in most of the areas in
which large-magnitude prehistoric earthquakes in stable continental regions have occurred,
including the New Madrid seismic zone; the Charleston, South Carolina, region; and the
seismically active regions of the St. Lawrence Seaway (Reference 2.5.1-313).

As noted in the Response to RAI 02.05.03-06, the Quaternary record, although of short duration,
is useful for assessing vertical deformation throughout the latest Pleistocene and Holocene time
(past 12-13 ka). Other regions in which paleoseismic studies have identified evidence for large-
magnitude prehistorical earthquakes (e.g., New Madrid seismic zone, Missouri [FSAR Reference
2..5.1-268, Reference 2.5.1-269]; Charleston, South Carolina [Reference 1; Wabash Valley,
Indiana and Illinois [FSAR Reference 2.5.1-372]) show evidence for repeated latest Pleistocene
and Holocene events. The only faults recognized in the CEUS having evidence for Quatemary
displacement (the Reelfoot fault in the New Madrid seismic zone; the Meers fault, Oklahoma;
and the Cheraw fault, Colorado) all have surface expression of repeated latest Pleistocene -
Holocene faulting events (Reference 2, Reference 3, Reference 4, respectively). If faulting had
occurred in the latest Pleistocene to Holocene in the Fermi 3 site vicinity, it would be detectable
by surface expressions; however, no surface expressions of fault activity have been identified.

The entire CEUS is characterized by relatively low strain rates relative to more active plate
boundaries. Paleoseismic investigations of faults in stable continental regions characterized by
relatively low strain rates, including the Meers and Cheraw faults, typically have "a long-term
behavior characterized by episodes of activity separated by quiescent intervals of at least 10,000
years and commonly 100,000 years or more" (Reference 2.5.1-3 14). Based on these
observations, the Crone et al. study (Reference 2.5.1-314) suggests that there are potentially
unrecognized, favorably oriented faults without current seismic activity that may be reactivated
in the present tectonic setting.

The evidence for the absence of latest Pleistocene to Holocene displacement on faults within the
site vicinity (see Response to RAI 2.5.1-7 & FSAR Table 2.5.1-201) indicates that none of the
faults is in an active period of deformation. The low rate and scattered pattern of seismicity is
consistent with the lack of deformation observed in the latest Pleistocene - Holocene geologic
record.

The evidence of no latest Pleistocene - Holocene deformation, combined with the lack of
evidence for surficial or near-surface expression of a bedrock fault, and the limited vertical offset
of Ordovician bedrock at depth across the postulated structure, supports the assessment that the
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Sumpter Pool possible fault, the only identified possible fault within the site area, is not a
capable tectonic source that would pose a surface rupture hazard to the Fermi 3 site.
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Figure 1: Map Showing Elevation of the Dundee Formation (Top of Bedrock) Based on Well Log Data
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Figure 2: Map Showing Elevation of the Top of the Devonian Sylvania Formation Based on Well Log Data



Attachment 26 to
NRC3-10-0006
Page 8

Fib ph S:1r F..sMRAIO20003-07 FW. 03 ,q.0[ D.l I02&0101

Figure 3: Map Showing Elevation of the Top of the Silurian Bass Islands Group Based on Well Log Data
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Figure 4: Map Showing Elevation of the Top of the Ordovician Trenton Formation Based on Well Log Data
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Proposed COLA Revision

Proposed markups to'revised FSAR Sections 2.5.1 and 2.5.3 are attached.
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Markup of Detroit Edison COLA
(following 31 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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Fulton silty clay loam; Milton clay loam; beaches; Toledo silty clay loam;

aquents and pits; and urban land (Reference 2.5.1-404). The Lenawee
silty clay loam, ponded, is dark grayish brown and is formed on lake

plains; approximately 5 percent of mapped areas include beach sand. It

is a nearly level, poorly drained soil in flat areas and drainageways. The
Del Rey silt loam is formed in loamy and clayey lacustrine deposits on
lake plains and is nearly level and somewhat poorly drained. Its

substratum extends to 150 cm (60 in) and is mottled silty clay loam with

thin, very fine sand layers. The Toledo silty clay loam is a nearly level,
very poorly drained soil in low areas and natural drainageways that is
formed in clayey, calcareous lacustrine sediments in lake plains. The

Blount loam, on 0 to 3 percent slopes is a nearly flat, somewhat poorly

drained soil on upland flats, formed on water-reworked glacial till plains.
The Fulton silty clay loam on 0 to 3 percent slopes is a nearly level,

somewhat poorly drained soil on slight risesland knolls that is formed in
clayey and calcareous lacustrine deposits. The Milton clay loam on 2 to 6

percent slopes is a moderately deep, gently sloping, well-drained soil on
knolls. It is formed in loamy, calcareous glacial till underlain by limestone.

Some well-drained sandy soils over clayey soils are included in this unit.

(Reference 2.5.1-405)

In addition to soil units, the following deposits are shown on Figure

2.5.1-245. Beach sands thicker than 1.5 m (5 ft) from Lake Erie are
shown as beaches. Aquents are nearly level and consist of poorly

drained soils that have had 20 to 60 cm (8 to 24 in) of soil material
removed. Aquents also include low, wet areas that have been filled with
nonsoil material and then covered with soil material. The Pits-Aquents

complex consists of open excavations and pits, the bottoms of which are

nearly level aquent soils. Urban land includes level areas covered by
streets, parking lots, buildings, and other structures that obscure or alter

the soils to the point that identification is not feasible.

(Reference 2.5.1-405)

2.5.1.2.4 Structural Geology of Site Vicinity (25-mi [40-km]
Radius)

As discussed in Subsection 2.5.1.1.4 the site lies within a tectonically

stable continental region of the North American Craton. Precambrian and
Paleozoic structures are present in the site vicinity, but as noted below

there is no evidence that these structures are capable tectonic sources.

2-698 Revision 1
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land December 2009 F

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 ot 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.

land limited quarry exposulres

The structure of Paleozoic rocks in the subsurface in the site vicinity has

been interpreted from boring and geophysical data obtained primarily
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).

-J 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

2-699 Revision 1
March 2009
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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.

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

2-700 Revision 1
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and Figure 2.5.1-230). As discussed in Subsection 2.5.1.1.4.3.2 the

Howell anticline is interpreted as a steep, asymmetrical,

northwest-southeast trending, northwest-plunging, faulted anticline,

having maximum relief of approximately 300 m (1000 ft) on the top of the
Middle Ordovician Trenton Formation (Reference 2.5.1-325). The Howell

fault offsets the base but not the top of the lower Middle Devonian Detroit
River Group (Reference 2.5.1-340). In detail, this second order structure,

which is superimposed on the flanks of the first order Findley arch, is
probably more complex, consisting of several en-echelon folds and

associated faults, as expressed in the structure contour maps on the top
of lower Middle Devonian Dundee Formation, Middle Devonian Traverse
Formation, and Early Mississippian Sunbury Shale (Figure 2.5.1-225).

Overall, the Howell fault trends northwest-southeast and is normal,
steeply dipping to vertical, and down-to-the-southwest.

To gain an understanding of the bedrock structure in the site vicinity,

available structure contour maps were reviewed. No available structure
contour map covered the entire site vicinity sufficiently to provide a

complete interpretation; therefore, structure contour maps for the

following have been combined on Figure 2.5.1-247:

- Structure contours of the top of the Devonian Dundee Limestone

(Reference 2.5.1-333),

- Structure contours of the top of the Devonian Sylvania Sandstone

(Reference 2.5.1-341), and

- Structure contours of the top of the Ordovician Trenton Formation
(Reference 2.5.1-341).

The structure contours on the top of the Trenton Formation in Figure

2.5.1-247 define a number of folds in the site vicinity. A subsequent map

of structure contours on the top of the Trenton Formation covering the

site vicinity (Reference 2.5.1-352) (Figure 2.5.1-248a) does not show
these folds. The discussion presented below uses a conservative

approach that assumes the folds defined by the structure contours from

Reference 2.5.1-341 presented in Figure 2.5.1-247 exist.

A series of north to northwest-southeast trending, southeast plunging
synclines and intervening anticlines are expressed in structure contour

maps on the top of the Ordovician Trenton Formation along the

southeastern projected trend of the Howell anticline in Wayne and
northeast Monroe Counties (Reference 2.5.1-341) (Figure 2.5.1-247).

2-701 Revision 1
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Newcombe (Reference 2.5.1-341) also discusses a structure exposed in

the Livingston Channel of the Detroit River, the Stony Island anticline.

Based on a contour map of the top of the Lower Devonian Sylvania

Sandstone, the anticline trends approximately N30°W and lies slightly to

the southwest of the anticlinal axis as expressed in the older (lower)
Trenton Limestone (Figure 2.5.1-247). This structure is also defined by

rock exposures in the Anderdon quarry in Ontario, the Patrick quarry near
the south end of Grosse Isle, Michigan, and the Sibley quarry near Sibley
Michigan. Newcombe (Reference 2.5.1-341) observes that the Stony
Island anticline is almost directly in line with the Howell anticline/fault

structure to the northwest.

In a publication that focuses on the Albion-Scipio oil field in southern

Michigan, Ells (Reference 2.5.1-406) shows in the site vicinity two

possible northwest-southeast-trending faults associated with the small
New Boston and Sumpter oil pools. These pools were previously
identified by Cohee (Reference 2.5.1-410). Uncertain locations of the

possible faults are illustrated on Figure 2.5.1-230. The southwestern

possible fault associated with the Sumpter oil pool possibly extends into
the site area (8-km [5-mi] radius). The Ells (Reference 2.5.1-406) figure

showing these possible faults is scaled at approximately one inch equals
96 km (60 mi), and a note on the map states "Fault Trends Not To Scale",:
therefore, the exact location of these faults is uncertain. In fact, Ells
(Reference 2.5.1-406) mislabeled the oil pools from Cohee

(Reference 2.5.1-410), associating the southwestern possible fault with

the New Boston oil pool and the northeastern possible fault with the
Sumpter oil pool. The Ells (Reference 2.5.1-406) report is based on well
data, maps, and unpublished studies by the Michigan Department of

Natural Resources. However, these possible faults are not discussed by
Ells (Reference 2.5.1-406) in the report, nor were they identified by

Cohee or other reports reviewed for this stud, The inferred locations of
the possible faults lie along the southwestern flank of an anticline

expressed in the top of Ordovician Trenton Formation as mapped by

Cohee (Figure 2.5.1-247). There is nothing in the character of the
contours on the southwest flank of the anticline (e.g., offset contours or

very steep contours) that provides evidence for the possible faults. No

evidence for the possible faults is present on the structure contour map
on the top of the Trenton Formation as illustrated in Reference 2.5.1-325

(Figure 2.5.1-248a). In summary, there is little evidence for these two

Add Insert #1 here I
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Insert #1

¶Based on the analysis of 20 oil wells, elevation constraints were obtained for the
top of the Devonian Dundee Formation, Devonian Sylvania Formation, Silurian
Bass Islands Group, and the Ordovician Trenton Formation that provide
approximate apparent dips for the region across the Sumpter Pool and New
Boston Pool possible faults (Figure 2.5.1-265; Figure 2.5.1-267). The top of the
Devonian Dundee Formation, which underlies the Pleistocene glacial deposits,
shows no abrupt changes in elevation and appears to be a broad, flat-lying
surface at a regional scale. Elevation data were obtained for the Sylvania
Formation from well numbers (Figure 2.5.1-265): 11746, 19214, 1948i4, 28435,
27980, 3701, 32883,ý 19549, 10877, 5830, 9873, 10211. Elevation data were
obtained for the Bass Islands Group from well numbers: 13867, 11746, 19260,
19214, 3265, 19484, 28435, 27980, 3701, 32883, 19789, 19549, and 9546. The
elevations associated with these two formations collectively record shallow
apparent dips to the north-northeast of 0.2 and 0.13 degrees, respectively,
across the Sumpter Pool and New Boston Pool possible faults. These
approximate apparent dips are based on elevation changes of approximately 90
m (298.5 ft) across 25 km (15.5 mi) in the Sylvania Formation and approximately
55 m (184 ft) across 25 km (15.5 mi) in the Bass Islands Group. The well data
suggest that there may be significant local relief on the tops of the Silurian units.
The variability in the elevation of the top of Sylvania and Bass Islands Group
surfaces is likely a result of dissolution associated with paleokarst development.
On a more regional scale, the structure contour map on the top of the Bass
Islands Group shown in Figure 2.5.1-248 also shows closed depressions and
variable relief that is consistent with.karst development during the late Silurian -
Devonian period of subaerial exposure and erosion (see Subsection
2.5.1.2.3.1.2.1). Similar relief is not observed in the picks for the top of the
underlying OrdovicianTrenton Formation.

The well data suggest that the elevation of the top of the Trenton Formation in
the vicinity of the Sumpter Pool possible fault may be slightly higher (on the order
of 10 m (33 ft) to 20 m (66 ft) than the picks for the top of the Trenton Formation
in the vicinity of the New Boston Pool possible fault. The apparent dip based on
these elevation is approximately 0.07 to 0.14 degrees to the northeast. These
apparent dips were extracted from well numbers: 2637, 19484,, 19214, 5830,
10656, 10877, 10430, 9546, 10099, 10211, 19260, 3265, 11746, and 9873.
There is no consistent vertical displacement across the possible structures,
however, that demonstrates the presence of discrete faults.¶
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possible faults and, if present, their exact locations, extent, and

association with any oil pools are unclear.

The Ordovician Trenton Formation is the source zone for the New Boston

and Sumpter oil pools (Figure 2.5.1-247). Two wells were drilled in 1942
in the New Boston field in Sec. 18, Huron Township, Wayne County,

Michigan, with the producing zone at'a depth of 36.6 m (120 ft) below the

top of the Trenton Formation (Reference 2.5.1-410). One well was drilled
in 1941 in Sec. 22, Sumpter Township, Wayne County, Michigan, with
production zones at depths of 3-5.2 m (10-17 ft) and 13 -22.6 m (43-74 ft)

below the top of the Trenton Formation. As discussed above, there is no
discussion in any of the reports reviewed for this study about the nature

of structures associated with the New Boston and Sumpter fields. In

southeastern Michigan, oil in the Trenton Formation is generally found

along folds in zones of dolomitization associated with fracture zones that

are sometimes related to pre-existing faults (Reference 2.5.1-411); so the
New Boston and Sumpter fields may be associated with pre-existing

faults. However, the fields, which occur along the northwestern ends of
the postulated faults, are small, and any associated folds/faults, if

present, are likely minor structures. There is no evidence of any

dolomitization, deformation, or displacement in rocks younger than about

Upper Silurian. The lack of dolomitization and deformation indicates that
if these possible faults do exist, they became inactive at the end of the

Silurian.

Minor.broad, shallow, north and northwest-southeast- trending folds

superimposed on the Findley arch are also expressed in the structural

contours on the top of the Upper Silurian Bass Islands Group in southern
Ontario (Reference 2.5.1-325) (Figure 2.5.1-248b). Minor fold structures

identified at Fermi 3 have a similar northwest-southeast trend as

discussed below in Subsection 2.5.1.2.4.2. These minor folds may be

third order structures that are structurally related to the distal end of the

Howell anticline/fault structure as it dies out to the southeast. By

association with the Howell anticline/fault structure, these minor folds and
postulated faults are assumed to be comparable in age to the Howell

anticline/fault structure that is older than late Mississippian.

Ells (Reference 2.5.1-406) also shows in the site vicinity a probable
north-northwest/south-southeast-trending fault associated with the

Colchester oil pool in Essex County, southeastern Ontario, Canada.

Burges and Hadley (Reference 2.5.1-413) show the Colchester oil field
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coincident with a northwest-southeast trending syncline with about 12.2
m (40 ft) of relief. The oil pool is interpreted to be associated with a zone

of dolomitization along a fracture zone in the Middle Ordovician Trenton
Formation. The syncline in the uppermost Orodivician and middle and

lower Silurian rock overlying the Trenton Formation resulted from

shrinkage accompanying dolomitization of the Trenton Fromation. Bailey
Geological Services and R.G. Cochrane subsequently interpreted the

Colchester oil pool as two subparallel north-northwest/south-southeast

trending normal, down-to-east faults (Reference 2.5.1-412). These

structures are shown on Figure 2.5.1-230.

2.5.1.2.4.2 Structures Within the Site Location

Previous investigations, including borings and mapping of excavations

for Fermi 2, and recent borings for Fermi 3 provide site-specific data to

evaluate deformation at Fermi 3.

Previous and recent borings at the site indicate that the Silurian Salina

Group and Bass Islands Group rocks underlying the site are folded into a

broad, shallow syncline (Figure 2.5.1-237). Structural contours on the

oolitic dolomite within the Bass Islands Group (Figure 2.5.1-249) are
slightly irregular in shape. This is possibly indicating that these surfaces

had some relief prior to folding. The axis of the syncline trends

approximately N50°W. The flanks of the'syncline dip less than 40. The
plunge of the syncline could not be determined because the surface of

the marker horizons is irregular.

2.5.1.2.4.3 Discontinuities

Two joint sets have been mapped at the site in a quarry less than 1.6 km
(1 mi) from the site and in excavations for Fermi 2 site structures

(Reference 2.5.1-221). These joint sets trend N21 * to 60°W and N54' to
72 0 E. Several trends of joint sets have been observed at quarries and

outcrops in Michigan, Ohio, and Ontario, Canada. The most prominent

trends are N400 to 60°W and N45 0 to 60'E. A primary joint set trending
approximately N240 E is present in the Ottawa Lake quarry in Monroe

County, Michigan (Reference 2.5.1-414) (Figure 2.5.1-230). Four primary

joint sets are present in the Waterville quarry in northwest Ohio, trending

approximately N45°W, N45' to 50'E, N5°E, and N80 0 to 90°W
(Reference 2.5.1-414). Observed joint orientations along the

northeast-southwest-trending Middle Devonian Columbus Limestone
cuesta in northwest Ohio range from N50' to 700 E to N35 0W near the
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Figure 2.5.1-248 - Structure Contour Maps Showing Bedrock Elevation of the

Ordovician Trenton Group and the Silurian Bass Islands Formation
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Figure 2.5.1-265 - Map Showing Locations of the Oil and Gas Wells
Near the Sumpter and New Boston Pool Possible Faults
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EF3 COL 2.0-28-A 2.5.3 Surface Faulting

Subsection 2.5.3 contains an evaluation of the potential for tectonic and
nontectonic surface deformation at the Fermi 3 site. Information

contained in this subsection, which was developed in accordance with

Regulatory Guides 1.165 and 1.208, is intended to demonstrate

compliance with 10 CFR 100.23, Geologic and Seismic Siting Criteria.

This subsection contains the following information:

- Potential surface deformation associated with capable tectonic

sources.

- Potential surface deformation associated with nontectonic processes,

such as glaciotectonic deformation, unloading (pop-ups), subsurface

salt migration (salt domes), growth faults, dissolution and collapse
(karst-related), volcanism, and man-induced deformation (e.g., mining
collapse, subsidence due to fluid withdrawal).

The conclusions regarding the potential for surface deformation are

summarized as follows:

* There are no capable tectonic fault sources within the site area (8-km

[5-mi] radius) or vicinity (40-km [25-mi] radius). A capable tectonic

source, as defined by Regulatory Guide 1.208, is a tectonic structure
that can generate both vibratory ground motion and tectonic surface

deformation, such as faulting or folding at or near the earth's surface
in the present seismotectonic regime. There is no evidence of

Quaternary tectonic surface faulting or fold deformation within the
Fermi 3 site location (1-km [0.6-mi] radius).

* The potential for nontectonic deformation at the site is negligible.

The following subsections provide the data, observations, and reference

citations to support these conclusions.

2.5.3.1 Geological, Seismological, and Geophysical
Investigations

Information regarding the potential for surface faulting at the Fermi 3 site

is documented in the following sources:

" Previous site investigations described in the Fermi 2 UFSAR, Section

2.5 (Reference 2.5.3-201)

" Published and unpublished literature and data on structures and

tectonics in southeast Michigan and northwest Ohio as discussed in

Subsection 2.5.1.1.4 and Subsection 2.5.1.2.4
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* Seismicity data compiled and analyzed in publications and the

updated seismicity catalog (Subsection 2.5.2.1)

Additional investigations performed to assess the potential for future
surface faulting and related deformation at the Fermi 3 site and

surrounding site area included the following:

- Compilation and review of available site area data, with an emphasis
on reports and information published since the original geologic
investigation for the Fermi 2 FSAR and site-specific information

collected for the Fermi 3 COLA. Mapped bedrock structures in the site
vicinity are shown on Figure 2.5.3-201.

~05.03-6

and to evaluate the elevations of
paleoshoreline features across the site

• Interpretation of aerial photographs and remote sensing imagery. The

most detailed topographic data available for the site vicinity (40-km
[25-mi] radius from the site) is the UGSG 10-m digital elevation model

(DEM). A shaded relief model created using the DEM was used to

conduct a visual lineament analysis for the site vicinit. In the site area
vicinity (within the 8-km [5-mi] radius) U.S. Department of Agriculture (USDA)

1:20,000-scale, black and white photos from 1955 also were used in
field reconnaissance and to aid in identifying potential'lineaments.

Color infrared aerial photographs with a two meter resolution of the
site location also were used to identify lineaments. Observations

based on the lineament analyses are discussed in

s of Subsection 2.5.3.2.

. Field and aerial reconnaissance. Field investigations were conducted

during August 2007, and involved consultations and field trips with
\ local experts, examination of known faults in the site vicinity,

examination of well-documented exposures of stratigraphic units as

lucted described in previous publications, examination of exposures in
the quarries, and aerial (helicopter) reconnaissance. Figure 2.5.3-202

s eiý fh,• snows tield localities visited and the helicopter reconnaissance route.

and observations based on the elevation
paleoshoreline features are discussed in
Subsection 2.5.1.2.3.2

(2E501-2

Additional field investigations were cond
at Denniston Quarry in 2009 to evaluate
origin and timing of deformation features
(paleokarst and minor faults) observed i
Silurian Bass Islands Group.

II LIIq•

Discussions with current researchers in the area. Local experts from

the Ohio Geological Survey, the Michigan Geological Survey, the

Geological Survey of Canada, and the Ontario Geological Survey
were contacted to obtain the latest available information relevant to

the site geology and tectonics of the region.
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2.5.3.2 Geological Evidence, or Absence of Evidence, for Surface
Deformation

2.5.3.2.1 Tectonic Deformation

Based on a review of published literature and maps and field

reconnaissance in the site area, there are no faults at or near the ground

surface in Quaternary glacial or lacustrine sediments within 40-km
(25-mi) of the site. The Fermi 2 UFSAR also concluded, based on a

review of available literature, conferences with geological organizations,

and onsite investigations, that no known faults exist within 40-km (25-mi)

of the Fermi 2 site and that there are no capable faults within 320-km

(200-mi) of the site.

No Quaternary faults are known within the site vicinity based on review of

more recent publications and data, interpretation of remote sensing

imagery (10-m DEM and 1:20,000 aerial photographs) and observations

from field and aerial reconnaissance. Review of available data and

published interpretations of boring and geophysical data obtained

primarily from oil and gas exploration indicates, however, that faults are

present within Paleozoic rocks in the subsurface in the site vicinity. The

location of known and postulated structures within the site vicinity is

shown on Figure 2.5.3-201 and discussed in Subsection 2.5.1.2.4. The
Bowling Green fault and the Maumee fault are subsurface bedrock faults

mapped within 40-km (25-mi) of the site (Figure 2.5.1-246). The Howell

anticline and associated fault, is mapped to within 45-km (28-mi)'of the

site. A series of folds are recognized in subsurface bedrock units along

the southeastern projected trend of the Howell anticline/fault structure.

Two poorly documented possible fault trends, associated with the New

Boston and Sumpter oil and gas pools, are postulated along the

southwestern flank of this series of folds (Figure 2.5.1-203, Figure

2.5.1-230). 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. A summary of the evidence for the

location, timing, and displacement on these structures is provided in

Subsection 2.5.1.2.4.1 and Table 2.5.1-201 ., s

(ýý05.01-2

Add Insert #2

identified in a 1948 publication by
Cohee (Reference 2.5.1-410) and
subseauentlv nostulated as a fault

umpter I

Only one possible fault, the fault trend associated with the New Beeten

pool as apped in a 1962 publication by Ells (Reference 2.5.3-202),

extends within the site area (8-km [5-mi] radius). However, as discussed

in Subsection 2.5.1.2.4.1, there is no documentation supporting the

existence of this postulated structure; the location is known only from a
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Two minor faults, each having less than 1.4 m (4.6 ft) displacement, also are
observed in the Silurian Bass Islands Group at the Denniston Quarry, located 16
km (10 mi) south of the Fermi 3 site (Reference 2.5.1-498). Displacement on one
of the two faults dies out within the Bass Islands Group. Although the second
fault extends to the top of the Bass Island Group, latest Pleistocene
(approximately 13 - 12 ka) Quaternary till and lacustrine deposits overlying the
projected trends of both faults are not deformed.
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Add Insert"3" HereJ.

or other fold
structures in the
central Michigan
Basin that
experience most of
their folding in the

small scale map (approximately one inch = 60 miles)

(Reference 2.5.3-202). The folds, which are defined based on structure

contours on the top of the Ordovician Trenton Formation (Figure

2.5.1-247), have gently dipping limbs (less than 0.9 degrees) and there is

nothing in the character of the folds that suggests the folds are

fault-cored. The folds are not well expressed in the structure contours on
the Trenton Group as illustrated on Figure 2.5.1-248a. Ells does not show

these postulated fault trends along the New Bostor.and Sumpter oil

pools On his more recent compilation of fault or fold structures

(Reference 2.5.3-203).

The shallow-dipping northwest-southeast-trending synclinal fold

identified based on subsurface investigations for the Fermi 2 site

(Reference 2.5.3-201) and confirmed by additional Fermi 3 borings

(Figure 2.5.1-237 and Figure 2.5.1-249) has a similar orientation to the

other fold trends observed in Devonian bedrock units to the north of the
site (Figure 2.5.1-247). These minor folds may be third-order structures
that are structurally related to the distal end of the Howell anticline/fault

structure as it dies out to the southeast. These minor folds and postulated

faults are assumed to be comparable in age to the Howell anticline/fault

structur,. ,whi,-h . older than late Mississippian

(Subsection 2.5.1.1.4.3.2.9).

Faults were not identified within the basement rocks or overlying

sedimentary strata at the Fermi 2 site (Reference 2.5.3-201). As noted in

the Fermi 2 UFSAR, competent bedrock strata were shown to underlie
the site and there are no major solution cavities or zones of solution

weathering in the site area. Subsequent to blasting operations during

excavation of the Fermi 2 site, the exposed foundation bedrock was
sluiced with high-pressure water jets and carefully examined by a

qualified geologist to ensure that no excessive natural fracturing or

blasting back-break existed that might be unsuitable for foundation
support (Reference 2.5.3-201).

2.5.3.2.2 Nontectonic Deformation

Various glacial and periglacial processes may create geomorphic
features that mimic surface tectonic fault rupture. The various types of

faults observed in glaciated regions are classified into the following

categories: (Reference 2.5.3-204)
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The top of the Trenton Formation as recorded in logs for wells located along the traces of the

2.5.1-28 possible faults and in a range of up to 20 km (12.5 mi) of the possible faults records no consistent
vertical displacement.
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" Glacio-isostatic (commonly referred to as postglacial) faulting that

occurs in regions of ice cover in response to changes in the- glacial
load, either as a result of deglaciation (crustal unloading) or glacial

advance (crustal loading)

" Glaciotectonic faulting used to denote any deformation resulting

from ice movement (ice push or ice drag)

" Periglacial faulting resulting from freeze-thaw processes

" Shallow stress-relief faulting resulting in formation of pop-up
structures. Shallow stress-relief structures due to glacial

loading/unloading will be spatially and temporally associated with the

extent and timing of glaciers. Shallow stress-relief faulting also can
result from non-glacial unloading mechanisms, both natural (i.e.,
erosion) and cultural (i.e., quarrying). Both mechanisms result from

the relief of shallow stress in the regional compressive stress regime.

A summary of the characteristics of these types of structures and criteria
for differentiating them from tectonic surface faulting is provided in
Hanson et al. (Reference 2.5.3-204).

No evidence of surface deformation related to any of these mechanisms

has been reported in the publications reviewed or was observed in the
site area during the field reconnaissance investigation.

Subsection 2.5.1.1.3.3 of the Fermi 2 UFSAR and Subsection 2.5.1.2.6.3
of the Fermi 3 FSAR state that actual pop-ups have not been noted in

southeastern Michigan or adjacent portions of Ohio, Indiana, or Canada,

but surficial folding of Devonian shales has been observed in
northwestern Ohio. During the excavation process for Fermi 2, no

rockbursts, pop-ups, or heaves were seen. This was attributed to a lack

of compressive stresses and insufficient depth of excavation to reduce

lithostatic loading sufficiently to cause such features to occur

(Reference 2.5.3-201).

Other nontectonic mechanisms that have produced surface deformation,
recognized elsewhere in the Michigan Basin region, are related to

dissolution of carbonate rock leading to collapse and subsidence and

dissolution and movement of salt bodies. Karst related problems have
been reported for the (320-km [200-mi] radius) site region; in

northwestern Ohio and adjacent Indiana and southeastern Michigan

karst occurs in Silurian-age limestones and dolomites. As noted in

Subsection 2.5.1.1.5, certain problems have been identified in
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northwestern Ohio where the carbonate rocks are covered by less than 6

m (20 ft) of glacial deposits. Evaporative karst (karst in halite or gypsum

deposits) occurs in the central portion of the Michigan Basin. However, as

noted in Subsection 2.5.1.2.6.7.3, no salt deposits exist in the (8-km

[5-mi] radius) site area. Based on descriptions of voids and soft rock

conditions encountered in the Fermi 2 borings (Reference 2.5.3-201) and

Fermi 3 borings (Subsection 2.5.1.2.3), no major solution cavities or
zones of solution weathering were encountered during subsurface

investigations at the Fermi site.

2.5.3.2.3 Results of Lineament Analyses

Faults and fractures can be expressed at the surface in a variety of ways,

including regional lineaments, linear drainage lines, abrupt or anomalous

changes in stream direction, vegetation changes, soil changes, changes
in drainage density, abrupt topographic changes or scarps, and changes

in land use. Lineaments can also be nontectonic in origin, relating to

differential erosion, beach ridge formation, soil-type changes related to
stratigraphic facies variations, and cultural features. Two different types

of remote sensing imagery were used to identify lineaments in the site

vicinity and site area. Hillshade models, based on the USGS 10-m digital

elevation model (DEM), were used to identify topographic and linear
stream segments in the site vicinity. Interpreted and uninterpreted

hillshade model maps are shown on Figure 2.5.3-203 and Figure
2.5.3-204, respectively. Within the 8-km (5 mi) site area, 1:20,000-scale

black and white stereo aerial photograph pairs also were interpreted.
Interpreted and uninterpreted aerial photograph mosaics are shown on

Figure 2.5.3-205 and Figure 2.5.3-206, respectively. Lineaments
identified in the 1955 aerial photographs were also compared to more
recent color infrared aerial photographs of the site location (Figure

2.5.3-207 and Figure 2.5.3-208). Figure 2.5.3-209 presents recent color

infrared aerial photographs for the site location.

As shown on Figure 2.5.3-203, there are numerous topographic

(see Subsection lineaments in the site vicinity that are evident on hillshade models derived
2.5.1.2.3.2.1 for from the USGS 10-m DEM. Most of the lineaments either coincide with
discussion of paleo- linear stream segments or are shore parallel lineations that appear to
shoreline features)

coincide with mapped paleo-shoreline leatures as shown on (designated
by n 1 n2 , and n3 on Figure 2.5.3-203). The majority of the lineaments
generally trend N30W to N60W. Other trends are E-W, N-S, N30E, and

N70E. These trends are consistent with regional joint and fracture trends
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described in Subsection 2.5.1.2.4.3. The dominant trends of joints in the

Bass Islands Group are N45 0 to 60°W and N40° to 50'E and are nearly

vertical in dip (Reference 2.5.3-201). Mapping of the excavation for the
Fermi 2 reactor/auxiliary building indicated trends of N450 to 60°W and

N60° to 500E.

Many of the lineaments parallel the trend of the Howell Anticline, N400 to

60'W. The subsurface Sumpter Pool and New Boston Pool possible

faults (Reference 2.5.3-202) located to the north and west of the site also
New Boston trend approximately N40W. However, with the possible exception of the

possibleýStw&ptw Pool fault, none of the identified structures directly

coincide with the identified lineaments and there is- no geomorphic

evidence of recent surface deformation along any of the identified or

postulated structures. Pales . h.r...... fa. tu . ., be
tr~end ef thc pczstulated Cumptcr; Peal ` nd-NwBconfodocilal
t8Rcnd With nc 8ppa FOt diOdt@ MIe9F§42.. " he actual
channels of the drainages are very sinuous and appear to follow both

northwest- and northeast-trending fracture and joint trends observed in

bedrock elsewhere in the site area. However, bedrock in the site area

, generally is mantled by several meters of Quaternary glacial, and

glacio-lacustrine sediments, and it is not clear that present drainage

channels are controlled by bedrock structure. Glacial (subglacial

Insert "4" Her meltwater channels) and post-glacial shoreline features also may have
-influenced present drainage patterns.

I ~ ~ ~ ~ ~ ~ s a 88.... efI~.. Is .. L.J.,AA. IA.,J LI. A else chorolinoc that p oct ato th
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,h ..... __ +aea w•-,,+a-nb, a'O ; " ... .

de Dc. citc theeo limitation r, t USDA 1:20,000-scale color

stereo photographs were examined to assess whether or not any

significant structural trends could be identified. As shown on Figure

2.5.3-205, there are several WNW- to NNW-trending lineaments in the

site area. The lineaments generally consist of aligned linear features that

include linear tonal contrasts, linear drainages, linear breaks in slope

(e.g., the back edges of flood plains and alluvial terraces). The observed

trends are consistent with the trends of the topographic lineaments

identified in the site vicinity (Figure 2.5.3-203) and the lineaments are

inferred to be the result of surficial erosional processes. - _
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2.53-

2.53-

Paleo-shoreline features cross the trend of the postulated Sumpter Pool and New Boston Pool
possible fault trends with no apparent disruption (n3 on Figure 2.5.3-203,). A series of maps
highlighting different contour interval ranges, as well as a series of topographic profiles was
developed from the USGS 10-m DEM to evaluate the continuity and variability of paleo-shoreline
features across the site vicinity and mapped locations of the Sumpter Pool and New Boston Pool
possible faults. Figures 2.5.3-210 and 2.5.3-213 provide maps highlighting contour interval
ranges of 2 m and 0.5 m, and showing the locations of a series of topographic profiles that are
provided on Figures 2.5.3-211, 2.5.3-212, and 2.5.3-214.

Shoreline features (nl, n2, and n3) (Figure 2.5.3-201) identified in the lineament analysis
correlate to the Lake Wayne strandline (nM), Lake Warren I and II strandlines (n2), and the
Whittlesey strandline or highest Arkona strandline (n3). The elevations of specific features
associated with mapped shorelines (e.g., the top of apparent deltas formed at the intersection of
major drainages and the highest Arkona shoreline, which are all at consistent elevations of 216 -
218 m), indicate the absence of significant vertical deformation across the site vicinity since
formation of the features shortly before about 13,000 years BP (Figures 2.5.3-210, 2.5.3-211 and
2.5.3-212). Geomorphic surfaces associated with the Arkona deltas, and the Warren and younger
strandlines that formed at progressively lower levels are most easily correlated across the site
vicinity.

Evidence for the, absence of tilting and/or localized differential vertical movement across possible
faults mapped in the site vicinity is illustrated by Figures 2.5.3-213 and 2.5.3-214. The locations of
topographic profiles on opposite sides of the Sumpter Pool and New' Boston Pool possible faults
are shown on Figure 2.5.3-213, with the topographic profiles shown on Figure 2.5.3-214. The
topographic profiles in Figure 2.5.3-214 show three surfaces associated with the Grassmere Lake
level (approximately 195 m). The elevations of the three surfaces are indicated on Figure 2.5.3-
213 in pink for elevations 193.6 - 194 m in white for elevations 194.6 - 194 m, and in black for
elevations 196.1 - 196.5 m, with these surfaces separated by slight risers (blue intervals). The
brown band in Figure 2.5.3-214 corresponds to the range in estimated elevations from 193.6 to
196.5 m for the Grassmere Lake levels. The three surfaces identified on the topographic profiles; -
all lie within the brown band representing the estimated elevation range of Grassmere Lake
(Figure 2.5.3-214).

The topographic profiles illustrate that although the published locations of the the individual
shorelines may not consistently follow the same feature, the morphology of the features
associated with the mapped shorelines is similar, and that these features occur at similar
elevations across the postulated Sumpter Pool and New Boston Pool faults.

The majority of the surficial deposits and geomorphic surfaces in the site area are between
13,000 and 12,000 years old. These deposits, while not ideal for detecting long-term neotectonic
strain deformation (on the order of hundreds of thousands of years), do provide a relatively
complete postglacial and Holocene record across the entire site area and site vicinity. The

2.5.3-
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2.5.3.3 Correlation of Earthquakes with Capable Tectonic
Sources

There have been no historically reported earthquakes or alignments oLf2.5.2-203

earthquakes within 40-km (25-mi) of the site that can be associate with

a mapped bedrock fault (Subsection 2.5.2.1 and Figure .

2.5.3.4 Ages of Most Recent Deformations

The major deformation on bedrock structures in the site vicinity appears

to have occurred during the Paleozoic and most faults in the region are

believed to have been dormant since late Paleozoic time, at least

200 million years ago (Reference 2.5.3-201; Figure 2.5.1-201 and

Subsection 2.5.1.1.4.3). Earthquakes in the region are generally shallow

events associated with reactivated Precambrian faults favorably oriented

in the modern northeast-southwest compressive stress regime

(Reference 2.5.3-205, Reference 2.5.3-206). None of these events has

associated surface rupture, and no faults in the site region exhibit

evidence of movement since the Paleozoic. Evidence for Mesozoic

extension resulting in reactivation of Precambrian rifts is present in the
I Mississippi embayment and the St. Lawrence Valley system, but is not

reported in the site region. Othor than,, minor odimontr,'" dop...tic in

o f th Michigan basci (MWid leia Formatier), r•a gealegc

ni.t8rY during thc Mc cMiV l IIItinth rgInf the site

...bc r.... .1... . 2......... • No evidence of paleoliquefaction is reported
in the literature or was observed within the site vicinity or site region. 12,000

Quaternary cover consists of glacial till and overlying lacu rine years

sediments of late Wisconsinan age (approximately 13,000 BP,

Subsection 2.5.1.1.2.3.4.4). No geomorphic expression of deformation of

the broad, lacustrine plain overlying mapped or postulated faults in the Ilnsert"6T

site vicinity was observed during field or aerial reconnaissance. e-, -Here

2.5.3.5 Relationship of Tectonic Structures in the Site Area to
Regional Tectonic Structures

Second-order fold deformation of Silurian and Devonian age bedrock is

recognized and documented at the Fermi 3 site. The exact timing of this

deformation is not known, but it is likely that it occurred concurrently with
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While it is acknowledged that there is a limited stratigraphic record of the Mesozoic in the site
region (Subsection 2.5.1.1.2.3.2), there are no Mesozoic plutons or known rift-related sediments

2.5.1-6 to suggest that Mesozoic extension affected the region.

2.5.3-7

Insert 6

=Paleo-shoreline features associated with the strandlines of the late glacial lakes are not vertically 1
2.5.3-6 deformed across the mapped or postulated faults.
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deformation on other related northwest-trending plunging structures in

the southeastern part of the Michigan Basin that are referred to as the

Washtenaw anticlinorium structures (including the Howell anticline/fault

structure). In the Washtenaw anticlinorium region folding is recognized in

Ordovician through late Mississippian bedrock units
(Reference 2.5.3-202, Reference 2.5.3-203). This series of folds along

the southeastern margin of the Michigan Basin spatially coincides with

the Mid-Michigan gravity high (MGA), which is associated with a
Precambrian basement rift zone, the Midcontinent rift system (Figure

2.5.1-220).

2.5.3.6 Characterization of Capable Tectonic Sources

A "capable tectonic source," as defined by Regulatory Guide 1.208, is

described by at least one of the following characteristics:

" Presence of surface or near-surface deformation of landforms or

geologic deposits of a recurring nature within the last approximately

500,000 years, or at least once in the last approximately 50,000

years.

" A reasonable association with one or more moderate to large

earthquakes or sustained earthquake activity that are usually

accompanied by significant surface deformation.

" Structural association with a capable tectonic source having

characteristics of either of the above two bullets, such that movement
on one could be reasonably expected to be accompanied by

movement on the other.

None of the mapped bedrock faults within a 40-km (25-mi) radius or

lineaments within an 8-km (5-mi) radius of the Fermi 3 site is assessed to

h~ne,=r.7.,I,=r, I be a capable tectonic source. h GO.I..... sad opn the .a.k.of-

LIILLII
Palool iquofaction Or Post glacial tocoi d-COFrmatiOn) in the cito rogion
(Subsc~to~n 2 5 3 A) tho n~ of mlaaet areerhukes or

~li~mgn~ o se~miityin he itovicinity (Subroction 2.64.9.), anid tho
1.,2.- fa Q9.mt ..e.m. y d.fem... ti. n i the site ar..

2.5.3.7 Designation of Zones of Quaternary Deformation

No zones of Quaternary deformation that would require additional

investigation are identified within the Fermi 3 site region.
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( 2.5.3-6

( 2.5. 1-29

( 2.5.1-6

Stratigraphy that could be used to demonstrate the absence of multiple episodes of deformation
during the past 500,000 years is not present in the site vicinity. There is, however, evidence to
demonstrate the absence of latest Pleistocene to Holocene deformation. Geomorphic evidence
suggests that late Wisconsinan till and the mantle of lacustrine deposits associated with late
glacial lakes (13 to 12 ka) have not been deformed. Late glacial lake strandline features and
depositional units are not tilted and/or displaced vertically across the possible Sumpter Pool and
New Boston Pool faults (see Subsections 2.5.3.2.3 and 2.5.3.4). The top of bedrock identified in 2.5.1-28
oil and gas exploratory wells located on both sides and between the postulated Sumpter Pool and
New Boston Pool faults is at a similar elevation (see Subsection 2.5.1.2.4). There is no surface
expression of faulting in the lacustrine plain across any of the mapped or postulated bedrock
faults in the site vicinity (see Subsection 2.5.3.2.3). Till of probable late Wisconsinan age and
overlying sand deposits that cross the projected trends of minor faults and paleo-karst features
observed in the Bass Islands Group at the Denniston Quarry are not deformed (see Subsection
2.5.3.1).

Consideration of the other criteria used to assess fault capability (i.e., association with seismicity
or structures with a capable tectonic source) does not indicate that structures in the site vicinity
are capable. tectonic sources. There is an. absence of moderate-to-large earthquakes or
alignments of seismicity in the site vicinity (see Subsection 2.5.3.3) that could suggest the
presence of a capable tectonic source. Very few earthquakes are within 80 km (50 mi) of the
Fermi site (Figure 2.5.2-203), and there is no known evidence for paleoearthquakes in the site
region. Paleoliquefaction studies, which have focused on the areas of more concentrated
seismicity, such as the Northeast Ohio seismic zone and the Anna seismic zone, have not
identified evidence for large-magnitude earthquakes (see Subsections 2.5.1.1.4.3.3.1 and
2.5.1.1.4.3.3.2). Significant tectonic deformation on structures in the southeastern part of the
Michigan Basin that are referred to as the Washtenaw anticlinorium structures (including the
Howell anticline/fault structure) occurred in the Paleozoic (Reference 2.5.3-202, Reference 2.5.3-
203) (see Subsection 2.5.3-5). No evidence is reported of significant Mesozoic extension
occurring within the site region (e.g., Mesozoic plutons or formation of Mesozoic rift structures).
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2.5.3.8 Potential for Surface Deformation at the Site

2.5.3.8.1 Potential for Tectonic Surface Deformation at the Site

The potential for tectonic deformation at the Fermi 3 site is negligible.

Th-roe ar neo capabls tcctni^.c f.uts wt t.
ert "8" Here

2.5.3.8.2 Potential for Nontectonic Surface Deformation at tL
Site

The potential for nontectonic deformation at the Fermi 3 site is negligible.

There is no evidence of nontectonic deformation at the Fermi 3 site in the
form of unloading phenomenon (i.e., pop-up features), glacially-induced

faulting, salt migration, dissolution or collapse related to karst, or volcanic

intrusion.
r
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None of the faults within the site vicinity is judged to be a capable tectonic
source. The only mapped fault within the site location, the possible Sumpter Pool
fault, is postulated on the basis of increased porosity associated with fractures
along a possible fault at depth. Based on well data, the postulated structure does
not show consistent displacement of subsurface bedrock units at depth, and
apparent vertical displacements between borings can be explained by gentle
folding (less than 0.2 degree dip). The possible Sumpter Pool fault has no
surface expression and does not deform geomorphic features or deposits formed
by latest Pleistocene to Holocene glacial lakes. This postulated structure is not
judged to be a capable tectonic source that has the potential to cause surface
deformation at the Fermi 3 site.
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RAI 02.05.04-13

FSAR Section 2.5.4.4.1.1 states that repeated collapse of boreholes was experienced in the 33.5
to 62.5 m ( 10 to 205fi) depth range in Salina Group Unit F and "resulted in oversized
borehole and irregular borehole shapes. " Further, it was not possible to grout Borings RW-CI
due to grout loss to the formation. The section also states: "Limited measurements were
performed in Salina Group Unit F in any of the borings due to oversized holes and irregular
hole shapes. "FSAR Figure 2.5.4-208, for example, showing the P-S suspension logging results
indicate missing shear wave and p-wave velocity data in a significant portion of the Salina
Group Unit F.

a. Please provide information on whether and how these observations were reflected in the
characterization of Salina Group Unit Ffor Vs and Vp. In addition, please provide
information on the basis for the decision.

b. Please provide a detailed comparison of the elevations of the collapse of the boreholes
under all Category I foundation bases. This comparison is intended to identify any
potential for existence of cavities or other unstable subsurface conditions.

c. Please discuss whether or not repeated collapse of the boreholes might not be indicative
of cavities below the foundation levels, and why systematic rock grouting should not be
applied at this site.

Response

a.) Please provide information on whether and how these observations were reflected in the
characterization of Salina Group Unit Ffor Vs and Vp. In addition, please provide
information on the basis for the decision.

Refer to the response for RAI 02.05.04-9, Part (b) for discussion of the characterization of
Salina Unit F for shear and compression wave velocities within the interval where the
oversized borehole and irregular borehole shape zones were encountered. It is concluded in
the response for RAI 02.05.04-9, Part (b) that the data presented in the Fermi 3 FSAR are
sufficient to provide proper characterization of Salina Group Unit F, including the weaker
zones.

b.) Please provide a detailed comparison of the elevations of the collapse of the boreholes under
all Category I foundation bases. This comparison is intended to identify any potential for
existence of cavities or other unstable subsurface conditions.

Fermi 3 FSAR, Revision 1, Section 2.5.4.4.2, states:
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"Natural gamma, 3-arm caliper, and optical televiewer logging was performed in the
following boreholes:

CB-C2 CB-C3 CB-C4
CB-C5 FWS/ACB-Cl HM-E1
RB-Cl RB-C2 RB-C3
RB-C4 RB-C5 RB-C7
RB-C8 RB-C9 RB-C1O
RB-C11 RB-C12 RW-C1
RW-C3 TB-C5"

"The caliper log measures variations in borehole size. The typical caliper response in a
fractured, weathered, or karstic unit is a relatively abrupt increase in borehole size."

"The OTV probe combines the axial view of a downward looking digital imaging system
with a precision ground hyperbolic mirror to obtain an undistorted 3600 view of the
borehole wall. The probe records one 360' line of pixels at 0.9 mm (0.003-ft) depth
intervals. The sample circle can be divided into 720 or 360 radial samples to give 0.50 or
10 radial resolution. For this investigation, the highest radial resolution (0.5°) was used.
The line of pixels is aligned with respect to True North and digitally stacked to construct
a complete, undistorted, and oriented image of borehole walls. The data are 24-bit true
color and may be used for lithologic determination as part of interpretation. Since the
acquired image is digitized and properly oriented with respect to borehole deviation and
tool rotation, it allows data processing to provide accurate strike and dip information of
structural features."

Caliper logs for borings under and adjacent to Seismic Category I foundation bases are
provided on attached Figure 1. The caliper logs provide a measure of the borehole diameter,
with larger diameters indicating locations of borehole collapse. Figure 1 provides the caliper
measurement versus elevation (NAVD 88 datum) for Borings CB-C2 through CB-C5,
FWS/ACB-C1, RB-Cl through RB-C5, and RB-C7 through RB-C 12. The locations of
borings are shown on Fermi 3 FSAR Figure 2.5.1-236, and the relationship of the borings to
ESBWR structures is identified in attached Table 1. Caliper logs for Borings CB-C2 and
CB-C3 are included, as the borings are located adjacent to the Reactor Building. The
remaining borings are located under Seismic Category I structures. No caliper logging and
optical televiewer logging were performed in RB-C6.

For each of the borings with caliper logs provided in Figure 1, optical televiewer logging
(OTV) was performed to allow visual inspection of borehole walls to see if voids or cavities
were present. The zero depth on the optical televiewer logs corresponds to the ground
surface elevations presented in FSAR Table 2.5.4-218. The optical televiewer logs, along
with other observations made during drilling were used to evaluate if voids or cavities were
present at the Fermi 3 site. Response (c) to this RAI addresses the results of the evaluation
regarding voids and cavities.
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For illustration purposes, the Boring RB-C8 optical televiewer log is shown adjacent to the
caliper log on Figure 2. The optical televiewer log on Figure 2 shows that no matter the size
of the borehole, there is material present, i.e., no cavities were identified where borehole
collapse occurred. Rather, the larger diameter was caused by material falling off the side of
the borehole wall into the boring. The original optical televiewer log for Boring RB-C8
shown on Figure 2 is provided for review in Enclosure 1 to this RAI response. The original
optical televiewer log for Boring RB-C8 is provided, as there is better resolution than can be
provided in the side-by-side presentation. Optical televiewer logs for the remaining borings
shown on Figure 1 will be provided in the reading room.

Table 1
Locations of Borings with Relation to ESBWR Structures

Location of Boring Associated with
Boring No. ESBWR Structures

CB-C2 Turbine Building Adjacent to Reactor/Fuel
Building
Turbine Building Adjacent to Reactor/Fuel
Building

CB-C4 Control Building
CB-C5 Control Building
FWS/ACB-Cl Firewater Service Complex
RB-Cl Reactor/Fuel Building
RB-C2 Reactor/Fuel Building
RB-C3 Reactor/Fuel Building
RB-C4 Reactor/Fuel Building
RB-C5 Reactor/Fuel Building
RB-C7 Reactor/Fuel Building
RB-C8 Reactor/Fuel Building
RB-C9 Reactor/Fuel Building
RB-C 10 Reactor/Fuel Building
RB-C 11 Reactor/Fuel Building
RB-C12 Reactor/Fuel Building

c.) Please discuss whether or not repeated collapse of the boreholes might not be indicative of
cavities below the foundation levels, and why systematic rock grouting should not be applied
at this site.

The results from the optical televiewer' natural gamma and caliper logging, and observations
made during drilling were used to provide information regarding core loss, 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:
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"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 in (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 in
(0.2 ft) opening along bedding that showed evidence of water movement. The depths
of the vuggy dolomite and limestone varied from 75 to 78 in (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-m (13 in) and had a vertical height of about 0.46 in (1.5 ft). The other void
was reported as a drilling tool drop of about 0.06 In (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 loses 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. L"

Based on the, observations during drilling and the optical televiewer logs, it is concluded that.
the fracture nature of the Salina Unit F resulted in repeated collapse of the boreholes as
material fell off the borehole walls into the boring, rather than there being cavities below the
foundation levels.

Systematic rock grouting is not propose d for the following reasons:

No voids or cavities are present below the Fermi 3 site.
The strength/stiffness of the bedrock in the Bass] Islands Group and the Salina Units is
sufficient to provide adequate bearing capacity and to control settlements as
demonstrated in FSAR Section 2.5.4.

Proposed COLA Revision

None
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GLRMH Optical Televiewer Log

Well Name: RB-C8 Elevations:
API Well Number: N/A Kelly bushings: N/A
File Name: RB-C8 OTV Drilling floor: N/A
Service Company: ARM Geophysics Ground / sea floor: N/A
Client: Black & Veatch Permanent datum is: Ground surface
City: Monroe Permanent datum elevation: Unknown
County / Parish: Monroe Log is measured from: Ground surface
State / Province: Michigan Height above log datum: N/A
Country: USA Drilling measured from: N/A
Recorded by: M. Scott McQuown, PG. Height above drilling datum: N/A
Witness:

Structural Legend: Notes:

Log interval is from: 25' Log interval to: 465'

Sample Interval: .001,

Acquisition dates from: (month/day/year) 7/24/2007 Acquisition dates to: (month/day/year) 9/11/2007 Mag Declination: 6.8 deg W

Optical View
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RAI 02.05.04-19

ESBWR DCD Table 2.0-1 indicates the ratio of the largest to the smallest shear wave velocity
over the mat foundation width of the supporting foundation material does not exceed 1.7. Please
demonstrate that the ratio of the largest to the smallest shear wave velocity over the mat
foundation width of the supporting foundation material is enveloped by the site-related
parameter. Provide justification ifyour ratio exceeds this parameter.

Response

Fermi 3 FSAR Figures 2.5.4-215 and 2.5.4-216 compare the shear and compression wave
velocity profiles measured in Borings TB-C5, RB-C8, CB-C3, and RB-C4, which are distributed
across the Fermi 3 site (FSAR Figure 2.5.1-236). The consistency of all the shear and
compression wave velocities with depth at all four boring locations shows the uniformity of each
bedrock unit across the site.

To demonstrate that the ratio of the largest to the smallest shear wave velocity over the mat
foundation width of the supporting material does not exceed 1.7, the mean shear wave velocity
of each bedrock unit in each of the four borings is compared in Table 1. Using the smallest and
largest mean shear wave velocity over the entire thickness of the bedrock unit from Table 1, the
ratio of the largest to smallest mean shear wave velocity was calculated for each bedrock unit as
presented in Table 2. For each bedrock unit, the ratio of the largest to smallest mean shear wave
velocity for full unit thicknesses in Table 2 is less than 1.7. Therefore, the ratio of the largest to
the smallest shear wave velocity over the mat foundation width of the supporting foundation
material is enveloped by the required site-related parameter in ESBWR DCD Table 2.0-1.

For Salina Unit E, the quality of the bedrock increases with depth below the top of the unit. At
Borings CB-C3 and RB-C4, shear wave velocity measurements in Salina Unit E were performed
only in the upper 20 to 30 feet of the 93 foot thick unit (average thickness of Salina Unit E,
FSAR Table 2.5.4-201); while at Borings TB-C5 and RB-C8 the shear wave velocity was
measured over the full 93 foot thickness of Salina Unit E. As a result, the mean shear wave
velocities at Borings CB-C3 and RB-C4 are not equivalent to the mean shear wave velocities at
Borings TB-C5 and RB-C8, and are not appropriate to evaluate compliance with the largest to
the smallest shear wave velocity ratio requirement for the full thickness of Salina Unit E.
However, for demonstration purposes, the ratio of the lower mean shear wave velocity of 5,500
ft/s for the upper 20 to 30 feet of Salina Unit E at RB-C4 to the higher mean shear wave velocity
of 9,100 ft/s for the entire thickness of Salina Unit E at RB-C8 is 1.65, which is still less than
1.7.



Attachment 28 to
NRC3-10-0006
Page 3

Table 1
Mean Shear Wave Velocity of Bedrock Units

in Borings TB-C5, RB-C8, CB-C3, and RB-C4

Mean Shear Wave Velocity, Vs (ft/s)
Bedrock Unit TB-C5 RB-C8 CB-C3 RB-C4

Bass Islands
Group () 6,700 6,900 7,300 6,600

UnitF (2) 3,200 4,600 4,000 4,200

Unit 7,900(6) 9,100(6) 6,100 (7) 5,500 (7)

Salina E (3) 7,610550
Group Unit

C (4) 8900 9000 No Measurements No Measurements

Unit 9,900(8)
B (5) 9,500 () 9008) No Measurements No Measurements

Notes:
(1) Mean Vs of Bass Islands Group obtained from FSAR Table 2.5.4-209.
(2) Mean Vs of Salina Group Unit F obtained from FSAR Table 2.5.4-211.
(3) Mean Vs of Salina Group Unit E obtained from FSAR Table 2.5.4-213.
(4) Mean Vs of Salina Group Unit C obtained from FSAR Table 2.5.4-215.
(5) Mean Vs of Salina-Group Unit B obtained from FSAR Table 2.5.4-217.
(6) Mean Vs was determined over the entire thickness, an average of approximately

93 feet (FSAR Table 2.5.4-201).
(7) Borings CB-C3 and RB-C4 only penetrated approximately 20 to 30 feet into the

top of Salina Group Unit E; therefore, only a limited number of shear wave
velocity measurements at the top of the 93 foot thick unit were available to
calculate the mean shear wave velocity of Salina Unit E at these two borings.

(8) Borings TB-C5 and RB-C8 penetrated approximately 40 to 50 feet into Salina
Group Unit B.
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Table 2
Ratio of Largest to Smallest Mean Shear Wave Velocity

for Each Bedrock Unit

Smallest Mean Largest Mean
Vs, (A) Vs, (B) Ratio of

Bedrock Unit (ft/s) (ft/s) (B)/(A)
Bass Islands 1.11
Group 6,600 7,300

Unit 3,200 4,600 1.44
F
Unit 7,900(1) 9,100 1.15

Salina E
Group Unit 8900, 9000 1.01

C
UnitB 9,500 9,900 1.04

Notes:
(1) The lowest mean Vs from RB-C4 was not used since it is the mean Vs

over only the upper 20 to 30 feet of Salina Unit E instead of the entire
thickness of Salina Unit E.

Proposed COLA Revision

None
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RAI Question No. 02.05.04-20
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RAI 02.05.04-20

FSAR Section 2.5.4.8 states. "Engineered granular backfill is used to fill adjacent to all Seismic
Category I structures and is not susceptible to liquefaction. "However, NUREG-0800 Standard
Review Plan states "In meeting the requirements of 10 CFR Parts 50 and 100, if the foundation
materials at the site adjacent to and under Category I structures and facilities are saturated soils
and the water table is above bedrock, then an analysis of the liquefaction potential at the site is
required. "Please provide specific technical information forming the basis for that the Fermi 3
backfill adjacent to all Seismic Category I structures is not susceptible to liquefaction.

Response

Fermi 3 FSAR, Revision 1, Section 2.5.4.8, states:

"All Seismic Category I structures are supported within the Bass Islands dolomite or on
lean concrete fill extending to the top of bedrock. Neither the bedrock nor lean concrete
fill are susceptible to liquefaction.,Engineered granular backfill is used to fill adjacent to
all Seismic Category I structures and is not susceptible to liquefaction."

Fermi 3 FSAR, Revision 1, 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."

"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."

"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."

Placing the well graded granular backfill in controlled lifts with compaction will result in a dense
to very dense consistency engineered backfill surrounding the embedded walls of Seismic
Category I structures.

FSAR Reference 2.5.4-232 (Kramer, 1996), Chapter 9, Section 9.4, provides detailed discussion
on liquefaction susceptibility of soils. Partial discussion excerpted from this reference is
presented below:
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"Human-made soil deposits also deserve attention. Loose fills, such as those placed
without compaction, are very likely to be susceptible to liquefaction. The stability of
hydraulic fill dams and mine tailings piles, in which soil particle are loosely deposited by
settling through water, remain an important contemporary seismic hazard. Well-
compacted fills, on the other hand, are unlikely to satisfy state criteria (Section 9.4.4) for
liquefaction susceptibility."

"Liquefaction susceptibility is influenced by gradation. Well-graded soils are generally
less susceptible to liquefaction then poorly graded soils; the filling of voids between
larger particles by smaller particles in a well-graded soil results in lower volume change
potential under drained conditions and, consequently, lower excess pore pressures under
undrained conditions. Field evidence indicates that most liquefaction failures have
involved uniformly graded soils."

The engineered granular backfill' for Fermi 3 will be well graded, dense granular soils, therefore,
there is no potential for liquefaction. However, a liquefaction analysis based on standard
penetration test (SPT) method is performed herein to demonstrate that the engineered granular
backfill is not susceptible to liquefaction.

Table 1 shows that for dense granular soils the N 60 is between 30 and 50 blows/foot, and for very
dense granular soils the N 60 is greater than 50 blows/foot. N 60 is the numbers of blow to drive a
standard split barrel sampler the last 12 inches of the SPT using a. 140 pound hammer falling 30
inches, where the hammer has a 60 percent energy efficiency. However, to evaluate the
liquefaction potential of soil, (N1 )60 is needed, where (N 1 ) 60 is the N 6 0 value normalized to an
overburden pressure of approximately 100 kPa (1 ton per square foot) (Reference 2).

(N 1 ) 60 = CNN60 = (P, / 0 'v )'5 N 60

where, P, is the atmospheric pressure of approximately 100 kPa (1 ton per square foot) and a',,

is the effective overburden pressure.

As the granular backfill has not yet been placed, an estimated N60 distribution with depth is used
in the evaluation. The N 60-value is estimated to be 30 blows/foot at the ground surface, and is
increased linearly to 60 blows/foot at a depth of 65 feet. Using this distribution for N60, Table 2
shows the calculated distribution of (N1 )60 with depth. At all depths, (N1)60 is greater than 30
blows/foot. Attached Figure 1 developed from historical data in Reference 2 (Youd, T.L., et al,
2001) shows that no liquefaction was observe when (Nl)60 is greater than 30 blows/ft.

Engineered granular backfill for the Fermi 3 will consist of a well graded granular backfill that
will be placed in controlled lifts and compacted, which will result in a dense to very dense
consistency. The estimated (N1 )60 of the engineered granular backfill is greater than 30 blows/ft
for the full depthof the deepest Seismic Category I structure. With the backfill placement
approach and resultant (N1)60 greater than 30, it is concluded that the engineered granular
backfill, adjacent to all Seismic Category I structures, is not susceptible to liquefaction.
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Table 1
Relation of Relative Density of Sands with Results of

Standard Penetration Test
(Excerpt from Reference 1)

Table 12.1 Relative Density of Sands According
to Results of Standard Penetration Test

No. of Blows, N60  Relative Density

0-4 Very loose
4-10 Loose
10-30 Medium
30-50 Dense

Over 50 Very dense
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Table 2.
Estimate the Distribution of (NI) 60-value with Depth

for Comnacted Well Graded Granular Backfill

Vertical
Effective
Stress at

Depth at Midpoint
Depth Interval Midpoint of Each Estimated Calculated

(feet) (') of Each Interval, N 60 (3) (N 1 )60 (5)

Interval ['vo (2) (blows (blows per
From To (feet) (tsf) per foot) CN (4) foot)

0 5 2.5 0.141 31 1.70 53
5 10 7.5 0.297 33 1.70 57

10 15 12.5 0.454 36 1.48 53
15 20 17.5 0.610 38 1.28 49
20 25 22.5 0.767 40 1.14 46
25 30 27.5 0.923 43 1.04 44
30 35 32.5 1.080 45 0.96 43
35 40 37.5 1.236 47 0.90 43
40 45 42.5 1.393 50 0.85 42
45 50 47.5 1.549 52 0.80 42
50 55 52.5 1.706 54 0.77 42
55 60 57.5 1.862 57 0.73 41
60 65 62.5 2.019 59 0.70 41

Notes:
1. Each depth interval is a 5-feet thick.
2. Vertical effective stress is calculated based on total unit weight of

125 pcf and groundwater level at 2 feet below the ground surface.
3. N 60 = [(60-30)/65]D + 30 blows per foot, where D is depth in feet.
4. CN = (Pa/Ui"o)° 5

5. (N060 = CNN 60
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FIG. 2. SPT Clean-Sand Base Curve for Magnitude 7.5 Earthquakes
with Data from Liquefaction Case Histories (Modified from Seed et al.
1985)

Figure 1 - SPT Clean-Sand Base Curve for Magnitude 7.5 Earthquake with Data From
Liquefaction Case History (Excerpt from Reference 2).

References
1. Terzaghi K., R.B. Peck, and G. Mesri (1996), "Soil Mechanics in Engineering Practice,"

3 th Edition, John Wiley & Sons, Inc.

2. Youd, T.L., et al., Liquefaction Resistance of Soils: Summary Report from the 1996
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of
Soils, Journal of the Geotechnical and Geoenvironmental Engineering, Vol. 127, No. 10,
pp. 817-833, ASCE, 2001.

Proposed COLA Revision

None
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RAI 02.05.05-1

FSAR Section 2.5.5.2 states the following:

"The maximum slope angle of any permanent slope angle for Fermi 3 in the power block
area or elsewhere is 8 percent (4.6 degrees). The slope angle is 6. 5 times less than the
minimum required effective angle of internalfriction of the engineered fill or existing fill;
therefore, 8 percent slopes are considered stable. Therefore, the finished grade has no
impact on Fermi 3 safety related systems, structures, or components."

a. Please provide information on the seismically induced lateral spreading,
including any potential effect on intake piping or other important utilities buried
underground. Please discuss whether or not such lateral spreading is a
significant issue for the 8 percent slopes at the Fermi 3 site.

b. Please discuss the plans for monitoring during and after construction to detect
occurrences that could detrimentally affect the facility. Such monitoring includes
periodic examination of slopes, survey of settlement monuments, and
measurements of local wells and piezometers as well as any evidence of seepage.

Response

a) Please provide information on the seismically induced lateral spreading, including any
potential effect on intake piping or other important utilities buried underground. Please
discuss whether or not such lateral spreading is a significant issue for the 8 percent
slopes at the Fermi 3 site.

FSAR Section 2.5.5.2 states:

"The maximum slope angle of any permanent slope angle for Fermi 3 in the
power block area or elsewhere is 8 percent (4.6 degrees). The slope angle is 6.5 times less
than the minimum required effective angle of internal friction of the engineered fill or
existing fill; therefore, 8 percent slopes are considered stable. Therefore, the finished
grade has no impact on Fermi 3 safety related systems, structures, or components."

Reference 1 states the following regarding the potential for lateral spreading to occur:

"Before applying Eq. (6), the liquefaction susceptibility of the site should be
verified through subsurface exploration and liquefaction resistance using evaluated using
standard procedures, such as those published by Youd et al. (2000). If the site is
nonliquefiable, lateral spread will not occur. Also, liquefiable layers with all SPT (N1)60
values greater than 15 are too dense and dilative for lateral spread to occur;"
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Since the engineered granular backfill surrounding the Seismic Category I structures and
used to develop the remainder of the site are not susceptible to liquefaction as addressed
in the response to RAI 02.05.04-20, seismically induced lateral spreading will not occur
at the Fermi 3 site, and as a result issues associated with lateral spreading are not relevant
for Fermi 3.

b) Please discuss the plans for monitoring during and after construction to detect
occurrences that could detrimentally affect the facility. Such monitoring includes
periodic examination of slopes, survey of settlement monuments, and measurements of
local wells and piezometers as well as any evidence of seepage.

The plan for geotechnical instrumentation is discussed in Fermi 3 FSAR, Section
2.5.4.5.6.

Fermi 3 FSAR, Revision 1, Section 2.5.4.5.6, states:

"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."

"Rebound or heave, less than 12.7 mm (0.5 inch), as presented in Subsection 2.5.4.10, is
expected from foundation excavation; therefore heave monitoring is not needed."

"As discussed in Subsection 2.5.4.10.2, settlement is predicted to be well within the
design limits in the ESBWR DCD. Settlement is expected to occur during the
construction phases of the project instead of during post construction because the Seismic
Category I structures are founded on bedrock, which will compress elastically as the
loads are applied. To confirm the settlement predictions, the following monitoring plan
will be implemented.

* Benchmarks will be established at the comers of selected Seismic Category I
structures as the foundation mats are constructed. These will be monitored
before and periodically during construction of the basemats and sidewalls prior
to placement of the backfill materials.

Additional bench marks will be installed approximately 1 meter (3 feet) above site
grade and connected to the sidewalls directly above the deeper bench marks
locations described previously. These bench marks will be monitored during
backfilling operations and, periodically, during and after construction."
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"Monitoring will be continued until at least 90% of expected settlement has occurred or
the rate of settlement has virtually stopped. This will be evaluated by review of the
settlement versus time curves at the bench mark locations. Post construction settlement
monitoring would be included as part of the Maintenance Rule program."

Due to shallow sloping ground (8 percent slopes) condition and no lateral spreading
concern at the Fermi 3 site, periodic examination of slopes is not necessary after
construction. There will be no seepage anticipated at the Fermi 3 site since there are no
manmade earth or rock dams present on the site as stated in Fermi 3 FSAR, Section 2.5.5,
as repeated here:

"No manmade earth or rock dams are present on the site that could adversely affect the
safety of the nuclear plant facilities."

Therefore, monitoring for evidence of seepage and measurements of local wells and
piezometers are not necessary after construction.

Reference

Youd, T.L., C.M. Hansen, and S.F. Bartlett, (2002), "Revised MLR Equations for
Prediction of Lateral Spread Displacement," Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, v. 128, no 12, p. 1007-1017.

Proposed COLA Revision

None




