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August 18, 2008

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

UN#08-031

Subject: UniStar Nuclear Energy, NRC Docket No. 52-016
Submittal of Supplemental Information for the
Calvert Cliffs Nuclear Power Plant, Unit 3
Combined License Application
Schedule Issue 5 — Seismic Lateral Earth Pressure Analysis

Reference:  Letter from John Rycyna (U.S. NRC) to George Vanderheyden (UniStar
Nuclear Energy), “Acceptance Review for Combined License Applications
for Calvert Cliffs Nuclear Power Plant, Unit 3,” dated June 3, 2008.

In a letter dated June 3, 2008 (Reference), the U.S. Nuclear Regulatory Commission
communicated several schedule issues associated with review of the Calvert Cliffs .
Nuclear Power Plant (CCNPP) Unit 3 Combined Operating License (COL) Application.
The purpose of this letter is to respond to the item related to analysis of seismic lateral
earth pressure that is identified in the referenced letter as Schedule Issue 5.

Analysis of seismic lateral earth pressure is described in Section 2.5.4.10.2.1 of the
CCNPP Unit 3 FSAR. This analysis was originally performed using the "Mononobe-
Okabe" methodology. Proposed changes to FSAR Section 2.5.4.10.2.1 (Enclosure) are
provided to reflect a change to the "Ostadan" methodology.

If there are any questions regarding this transmittal, please contact Mr. George Wrobel
at (585) 315-0552.
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| declare under penalty or perjury that the foregoing is true and correct.

Executed éh August 18, 2008
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Enclosure: COLA Markup Pages

cc: U.S. NRC Region |
U.S. NRC Resident Inspector, Calvert Cliffs Nuclear Power Plant, Units 1 and 2
NRC Environmental Project Manager, U.S. EPR Combined License Application
NRC Project Manager, U.S. EPR Combined License Application
NRC Project Manager, U.S. EPR Design Certification Application (w/o enclosures)
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FSAR Section 2.5

Pas =

However, all foundations are designed to safely tolerate the anticipated total and differential
settlements. Additionally, engineering measures are incorporated into design for control of
differential movements between adjacent structures, piping, and appurtenances sensitive to
movement, consistent with settlement estimates. This includes the development and
implementation of a monitoring plan that supplies and requires evaluation of information
throughout construction and post-construction on ground heave, settlement, pore water
pressure, foundation pressure, building tilt, and other necessary data. This information
provides a basis for comparison with design conditions and for projections of future
performance.

These estimated differential settlements, except for those associated with the Ultimate Heat
Sink Makeup Water Intake Structure represent departures from the U.S. EPR FSAR requirements.
Additional discussion of the acceptability of these estimated differential settlements is
provided in Section 3.8.5.

Sections 2.5.4.10.2.1 through 2.5.4.10.2.2 are added as a supplement to the U.S. EPR FSAR.

2.5.4.10.2.1 Earth Pressures

Static and seismic lateral earth pressures are addressed for plant-below-groundretaining walls.
Seismic earth pressure diagrams are structure-specific, They are and-are-therefore-only
addressed generically herein. Specific earth pressure diagrams are developed for specific
structures based upon each structure’s final configuration. Passive earth pressures are not
addressed; they are igreredexcluded for conservatism for general purpose applications.
Sources and engineering properties for structural fill have not been established yet, The
following soil properties wereare assumed for the backfill; an angle of shearing resistance of
3032 degrees and a total unit weight of 120 pcf. Structural backfill material is verified to meet
the design requirements prior to use during construction. A surcharge pressure of 500 psf was_
applied at the ground surface is assumed-as-wel. The validity of this assumption will be
confirmed during detailed design. Lateral pressures due to compaction are not included; these
pressures are controlled by compacting backfill with light equipment near structures.

In developing the earth pre rface behi

! = Uid d ale dmeaq: gro v ® 4
walls is horizontal, backfill materials are well-drained granular materials whose properties are
defined by an an ear| is ed’'a it wei he side of the wall in co
with the backfill is vertical and there is no friction between the backfill and the wall, retaining
walls designed for the active earth e allowed to move | uilding wall
designed for the at-rest condition are prevented from moving laterally, Preliminary information
used for developing the generic earth pressure diagrams include structural fill properties, side

ing informati ound

EFor active and surcharge pressures, earthquake-induced horizontal ground accelerations are
addressed by the application of k,-g. Vertical ground accelerations (k,-g) are considered
negligible and wereare ignored (Lambe19695¢eed, 1970). A seismic horizontal acceleration’
(k.-g) of 8:1250.19 wasis conservativley adopted for developing the generic earth pressure

diagrams_(NRC, 2007) since the site specific values are less than 0.1 g. Backgrounds on seismic
accelerations are discussed in Section 2:54-8:22.54.7.5.

2.5.4.10.2.1.1 Static Lateral Earth Pressures
The static active earth pressure, pAS, is estimated using {Lambe, 1969):

Kas12 : Eq. 2.5.4-21
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FSAR Section 2.5

where K, = Rankine coefficient of static active lateral earth pressure

y = unit weight of backfill (effective weight, v, is used below groundwater level based on

roundwa 80 ft.

z = depth below ground surface
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The Rankine coefficient, K, , is calculated from

Kas = tan? (45- ¢'/2) Eq.2.5.4-22
where, ¢’ = angle of shearing resistance of the backfill, in degrees.

The static at-rest earth pressure, p, is estimated using (Lambe, 1969):

Pos = Kos¥'Z Eq.2.5.4-23
where, K = coefficient of at-rest static lateral earth pressure and is given by

Kes = 1-sin ¢’ . . Eq.2.5.4-24
Hydrostatic ground water conditions are considered for active and at-rest static conditions. The
lateral hydrostatic pressure is calculated by:

Pw = YwZ, Eq.2.5.4-25
where, p,, = hydrostatic fateral-earth pressure '
z,, = depth below ground water table
Yw = unit weight of water = 62.4 pcf

2.5.4.10.2.1.2 Seismic Lateral Earth Pressures
The active seismic pressure, p,, is given by the Mononobe-Okabe equation (Whitman, 1991),
represented by

Pue = Kpey:(H-2) Eq.2.5.4-26
where, 4

AK, = coefficient of active seismic earth pressure = K,-K,,

Kae = Mononobe-Okabe coefficient of active seismic earth thrust given Eqr2:5:4-27

Ky = cos?(¢’-8)/(cos?0(1+(sin¢’ sin(¢’-8)/cos(6))2%)2) ' 2,54-

y = unit weight of backfill at depth z

z=depth below the top of the backfill

H = below-grade height of wall

6 = tan"(k,). where k, = 0.1, as previously noted
AK,. may be estimated as 3/4-k, for k,, values less than about 0.25g, regardless of the angle of
shearing resistance of the backfill (Seed, 1970).
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FSAR Section 2.5

The seismic at-re essure, AK ., for below-grade walls of Categor ctures js evalu

usi hod oanizes the frequen ent of the desi otion, limited buildi

wa vemen (0] ence of r diaphragms, and u soil shear wave veloci
and damping as input (Ostadan, 2004). To predict lateral seismic soil pressures for below-grade
structural walls resting on firm foundations and assuming non-yielding walls, the method

involves the following steps:

at the degth corresgondlng to the base of the wall in the free- Feld The response
motion in terms of acceleration response spectrum at 30% damping is obtained.

2. Computi | sforar sentative Single Degre Freedom (SDOF
system using Poisson’s ratio and the mass density of the soil, m: ‘
m=05y/gHW, EQ.2.5.4-28

where, y/g = total mass density of the structural backfill

W =2/10 - ) 2- w1 Eq,2.54-29
3. Obtainin l ismic force as th of the to i from Ste
d the accelerati ctral value of the free-field response at the soil col
frequency obtained at the depth equal to the bottom of the wall from Step 1.,
4, QObtainin i lateral seismi il pressure : ou urface by dividi
i fi obtai from 3 area under o) lized seismi
pressure, or 0,744 H,
_ 5. finally, obtaini il ofi multiplyi e maximum pr
' from Step 4 by the following pressure distribution relationship:
ply) =-0.0015 + 5,05y - 15.84y*+ 28.25y3 - 24.59y% + 8,14y* Eg.2.5.4-30

Y/H ranges from g value of zero at the bottom of the waII toa vg lue of 1,0 at thetop g

the wall,

For well-drained backfills, seismic ground water pressures need not be considered (Ostadan,
2004). Since granular backfill is used for the project, only hydrostatic pressures are taken into
consideration, as given in Eq. 2.5.4-25. Itis noted that seismic ground water-thrust greater than
35 percent of the hydrostatic thrust can develop for cases when k,>0.3g (Whitman, 1990).
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FSAR Section 2.5

Given the relatively low seismicity at the CCNPP Unit 3 site (k,<0.3g), seismic ground water
considerations can be ignored.

CCNPP Unit 3 2.5-224
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FSAR Section 2.5

pSUI’ =

2.5.4.10.2.1.3 Lateral Earth Pressures Due to Surcharge

Lateral earth pressures as a result of surcharge applied at the ground surface at the top of the
wall, p_,, are calculated as follows:

Kq ' Eq. 2:5:4-292.54-31
where, K = earth pressure coefficient; K, for active; K, for at-rest; K, or K. for seismic loading
depending on the nature of loading, and g = uniform surcharge pressure. The seismic at-rest
coefficient AK ;. can be at least double that of the seismic active coefficient AK,; (Whitman.

1990). This is applied to the seismic surcharge loading, i.e.. AK .= 2 x AK .,
2.5.4.10.2.1.4 Sample Earth Pressure Diagrams
Using the relationship outlined above and-assumed—baekﬁ"—pfeper-aes sample generic earth

pressures wereare estimated. Sample earth pressure diagrams are provided in Figure 2.5-157
and Figure 2.5-158 for a wall height of 4341.5 ft, levelground-surface,and-with ground-water
level at 53 ft below the surface. FAs previously noted, the backfill is taken as agranular soils,
with ¢ =3032 degrees and y= 120 pcf. Fo '-3 degrees he i icac ive earth
-rest earth value

re
of K= Q,S is adogted fgr gdggd con §g[yan§m, The honzontal ground acceleratlon is taken as

912501 g. It is noted that f e Ostadan 2004 metho

well below 0.1g are obtained, howgve[, a value of 0.1g is adopted, A permanent uniform
surcharge lead of 500 psf is also included. The validity of assumptions regardingsuch as

surcharge loads, backfill properties, and structural configurations is confirmed during the
detailed design stage. Actual earth pressure evaluations are performed at that time for the
design of below-grade walls, based on actual project conditions. The results of these earth
pressure evaluations shall be included in an update to the FSAR at that time.

2.5.4.10.2.2 Selected Design Parameters

The field and laboratory test results are discussed in Section 2.5.4.2. The parameters employed
for the bearing capacity, settlement, and earth pressure evaluations are based on the material
characterization addressed in Section 2.5.4.2, and as summarized in Table 2.5-36. The
parameters reflected in this table were conservatively chosen, as discussed in Section 2.5.4-2,
The ground water level was chosen at elevation 80 ft, whereas this could be a “perched”
condition only. The factor of safety utilized for bearing capacity of soils typically exceeds 3.0,
whereas a value of 3.0 is commonly used. An angle of shearing resistance of 30 degrees was
used for characterization of a structural backfill for earth pressure evaluations, which is
considered conservative for granular fill compacted to 95 percent Modified Proctor
compaction. Similarly, a seismic acceleration of 0.125g and a magnitude 6.0 earthquake were
used in the evaluations, which are higher than the 0.084g zero depth peak ground acceleration
and 5.5 magnitude indicated by the seismic analyses, therefore resulting in conservative
estimates.}

2.5.4.10.3 Uniformity and Variability of Foundation Support Media

The U.S. EPR FSAR includes the following COL Item in Section 2.5.4.10.3:
A COL'ap'pIicant that references the U.S. EPR design certification will investigate. and
determine the uniformity of the underlying layers of site specific soil conditions beneath

the foundation basemats. The classification of uniformity or non-uniformity will be
established by a geotechnical engineer.

These COL Item is addressed as follows:
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FSAR Section 2.5
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(Revised) Figure 2.5-157—{Sample Active Lateral Earth Pressure Diagrams}
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(Revised) Figure 2.5-158—{Sample At-Rest Lateral Earth Pressure
Diagrams}
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