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Subject:
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References:

1) Surinder Arora (NRC) to Paul Infanger (UniStar Nuclear Energy), "FINAL RAI
323 SEB2 6074" email dated October 12, 2011
2) UniStar Nuclear Energy Letter UN#11-290, from Mark T. Finley to Document
Control Desk, U.S. NRC, Updated RAI Closure Plan, dated November 30,
2011

The purpose of this letter is to respond to the request for additional information (RAI) identified
in the NRC e-mail correspondence to UniStar Nuclear Energy, dated October 12, 2011
(Reference 1). Reference 2 provided a December 9, 2011, schedule date for the response to
RAI 323. This RAI addresses Seismic System Analysis, as discussed in Section 03.07.02 of the
Final Safety Analysis Report (FSAR), as submitted in Part 2 of the Calvert Cliffs Nuclear Power
Plant (CCNPP) Unit 3 Combined License Application (COLA), Revision 7.
The enclosure provides our response to RAI No. 323, Questions 03.07.02-68 and 03.07.02-69,
and includes revised COLA content. A Licensing Basis Document Change Request has been
initiated to incorporate these changes into a future revision of the COLA.
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There are no regulatory commitments identified in this letter. This letter does not contain any
sensitive or proprietary information.
If there are any questions regarding this transmittal, please contact me at (410) 369-1907, or
Mr. Wayne A. Massie at (410) 369-1910.
/ declare under penalty of perjury that the foregoing is true and correct.

9,2011

Enclosure:
I

cc:

Response to NRC Request for Additional Information RAI No. 323, Questions
03.07.02-68 and 03.07.02-69, Seismic System Analysis, Calvert Cliffs Nuclear
Power Plant, Unit 3

Surinder Arora, NRC Project Manager, U.S. EPR Projects Branch
Prosanta Chowdhury, NRC Project Manager, U.S. EPR Project Branch
ioseph Colaccino, Chief, U.S. EPR Projects Branch
Sean Segala, Chief, U.S. EPR Projects Branch
Laura Quinn, NRC Environmental Project Manager, U.S. EPR COL Application
Sandra Sloan, AREVA NP Manager, New Plants Regulatory Affairs
Getachew Tesfaye, NRC Project Manager, U.S. EPR DC Application
Charles Casto, Deputy Regional Administrator, NRC Region II (w/o enclosure)
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RAI No. 323
Question 03.07.02-68
Follow-up to Question 03.07.02-55
In response to Question 03.07.02-55 regarding the criteria used to determine whether a section
is cracked, the applicant states that equations 9-8 and 9-9 of ACI 349-01 were used to make
this determination purposes. These are standard formulas for determining the cracking moment
in concrete and as such the staff finds the use of these formulas to be acceptable. However,
certain other aspects of the applicant's response are not clear and require additional
information:
1. To solve formula 9-9 of ACI 349-01 a value for the concrete compressive strength must be
defined. CCNPP FSAR Section 3.8.4.6.1 provides a concrete compressive strength of 5000
psi for the CBIS. The applicant is directed to confirm the compressive strength used or
provide the value and basis for using a compressive strength other than 5000 psi.
2. The load combinations for the normal load Nmin and Nmax are not found in U.S. EPR FSAR
Section 3.8.4.3.2. The applicant should explain the basis of the two equations and in
particular why the live load, L, is reduced to .25L and the snow load, S, is reduced to .75S in
the equation for Nmax. In addition the applicant should describe if there are differences in the
cracking determination when the normal loads, Nmin and Nmax, are combined with the
earthquake loads and if there is a difference, how this was treated in the analysis.
3. Compressive forces will increase the moment value required to induce cracking. The
applicant is directed to state if compression loads were considered, and if not to provide
justification for not considering them.
i
4. In determining the load effect of seismic acceleration the applicant states the seismic
accelerations are applied separately in each of the three directions and the corresponding
three analyses produce three sets of results. The results yielded by the three analyses for
each load effect are subsequently combined using a summation of the absolute values. In its
response to Question 03.07.02-58 the applicant states that earthquake load effects are
determined by the SRSS method not by the absolute sum method. The applicant is directed
to ýprovide additional information regarding how the loads effects are combined in the
calculations for section cracking and if different from the SRSS method to provide a basis for
the difference.
5. There are three soil cases considered for the design at CCNPP. The applicant's response
does not address if all three soil cases were considered in its cracking analysis. The
applicant is directed to address whether the process described was applied in each of the
three soil cases and if it was not to provide the technical basis for not doing so.
Response
Question Part 1:
A concrete compressive strength of 5000 psi was used for the Common Basemat Intake
Structures (CBIS).
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Question Part 2:
The US EPR FSAR Section 3.8.4.3.2 states the loads that need to be combined with the Safe
Shutdown Earthquake (SSE). These loads can be termed "Normal Loads," and they comprise:
Dead loads (D), Live loads (L), Snow loads (S), Lateral Earth pressures (H), Hydrostatic
pressures (F) and Buoyancy forces (Fb).
ACI 349-01, Clause 9.2 recommends the following for structural design:
"For the Load Combinations in 9.2.1, where any load reduces the effects of other loads,
the corresponding factor for that load shall be taken as 0.9 if it can be demonstrated that
the load is always present or occurs simultaneously with the other loads. Otherwise, the
factor for that load shall be taken as zero."
Simply applying this clause to each of the loads individually could result in a significant number
of load combinations to analyze. The application of this clause requires consideration of the
structural geometry, the applied loads and the load effects to determine which load
combinations will yield the governing design load effects.
Considering combined Moments and Axial forces, a higher tension force (or lower compression
force) results in a lower capacity if the axial load is less than the balance point value. The same
principle applies to the In-plane Shear, Out-of-Plane Shear and Shear Friction capacities.
However, the combined Moment and Axial force capacity also needs to consider the case of
maximum compression force, because the capacity is reduced by a larger compression force if
the axial force is greater than the balance point value. Hence, Clause 9.2 of ACI 349-01 is
applied to yield both the highest tension force and the maximum compression force, which
requires the following two load combinations:
* The highest tension force (or lowest compression force) for the Normal Loads, which is
given by the following combination of loads:
Nmin = 0.9D + 0.9F + Fb + OL + OS + 0.9H
The maximum compression force, which is given by the following combination of loads:
Nmax = D + F + Fb + 0.25L + 0.75S + H
Live and Snow loads are not taken at their full values since it is unlikely that the maximum live
load will occur at the same time as the maximum snow load. The combination of 0.25L and
0.75S is consistent with the loads considered in US EPR FSAR Section 3.7.2.3.1 for the
dynamic analysis of the Nuclear Island.

i

The SSE load effects are combined with Nmin and Nmax to produce the largest bending
moments in particular FE plate elements. Moments are considered in both reinforcement
directions. If either of the applied moments exceeds the cracking moment, the plate is
considered to be cracked.
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Question Part 3:
Neither compression nor tension forces on a plate element are considered when determining
whether or not a plate is cracked. Compression forces increase the cracking moment, while
tension forces reduce the cracking moment. If axial forces are ignored in determining the
cracking moment, the cracking moment is constant for a given element thickness, and
represents a reasonable estimate of the expected amount of cracking to be considered in the
dynamic analysis of the structure.
Question Part 4:
Three' analyses are performed for the SSE accelerations applied separately in each of the three
directions. Considering a particular plate element and a specific load effect (e.g., moment Mxx),
the corresponding SSE load effects from the three analyses are combined using the Square
Root of Sum of Squares (SRSS) method. The load effect from Accidental Torsion is added to
increase the SSE load effect, the result of which is subsequently combined with the load effect
from Nmin and Nmax. The SSE load effect is either added or subtracted in order to produce the
largest positive or negative moment. The largest absolute value of these load effects is used to
determine cracking.
Question Part 5:
SSE !accelerations from the three soil cases were enveloped to produce maximum
accelerations. The analysis for these accelerations is described in the response to Part 4 above.
Hence, the process for establishing cracking was not applied separately to each soil case but
rather to the enveloping values for the three soil cases.

I

The process adopted to determine a partially cracked structure is an iterative process. Following
an initial SSE analysis on an uncracked structure, cracked elements were identified and the
SSE analysis was repeated. From the results of this subsequent analysis it was observed that a
significant number of additional elements cracked. These cracked elements were introduced
into tH~e model and the SSE analysis repeated. The results yielded by this analysis indicated a
negligible change in the number of cracked elements, so that these results were deemed
acceptable.

COLA Impact
The COLA FSAR will not be revised as a result of this response.
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RAI No. 323
Question 03.07.02-69
Follow-up to Question 03.07.02-58
In Question 03.07.02-58 the staff had asked the applicant for additional information regarding
the methods used to calculate the forces and moments for building design as determined from
the results of a building's seismic analysis. In its response the applicant stated that the seismic
loads ýare determined from the SASSI analysis in which the acceleration response in a given
direction is determined from the algebraic sum of the time history responses in that direction
due to the application of three separate earthquakes (x, y, and z). As the input earthquake time
histories are statistically independent the staff finds this approach to be acceptable. In addition
the process is repeated for each of three sets of soil properties. Accelerations are determined at
predefined locations which are the corners and centers of walls and floors. The largest of the
maxirmum total accelerations in each direction at each location is applied to a STAAD static
finite element model. In its description of the static analysis using STAAD certain aspects are
not cl ear and require additional information.
1. It is not clear from the description how the accelerations at the predefined locations are
applied to the static model. For example, if the acceleration is calculated at the center of a
wall or floor, is this acceleration applied to the entire area of the wall or floor? The applicant
is ýdirected to provide additional details on this aspect of the analysis. In addition the
applicant should describe and justify the selection of the acceleration values applied to the
impulsive and convective portions of the water contained within the CBIS.
2. The convective water mass is normally assigned a damping value of 0.5 percent. The
aIplicant should confirm this value was used or justify the use of a different value. The
appicant is directed to describe how the convective damping value was included in the SSI
seismic analysis.
3. The applicant states that the structure is divided into groups each of which comprises a floor
and its supporting walls. There is no description of how the reaction loads at the boundaries
of a particular structural group are transferred to an adjacent group or to the building
foundation. The applicant is directed to provide a description.
4. In its earlier response to Question 03.07.02-50 the applicant stated that horizontal
hydrodynamic pressure on a vertical wall due to vertical vibration was not included in the
building design. However as part of its response to Question 03.07.02-58 the applicant
notes that the hydrodynamic loads induced by the vertical accelerations are obtained as
recommended by ACI 350.3-06. The recommendation of ACI 350.2-06 is to include the
hydrodynamic pressures on vertical walls due to a vertical acceleration. The applicant is
directed to confirm that this is now the case for the CBIS analysis as the staff finds that
Ignoring this effect may be difficult to justify.
5. The applicant states that according to ACI 350.3-06, the convective hydrodynamic loads are
not in phase with the impulsive loads and are therefore analyzed separately in the x- and ydirections. The applicant is directed to demonstrate that this [**define "this **] is true for the
CBIS and if not to justify why the convective loads are not additive to the impulsive loads.
6. Similar to the response provided in Question 03.07.02-55 the applicant has provided two
load combinations Nmin and Nmax for enveloping the effect of combining seismic loads with
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normal loads. The load combinations for Nmin and Nmax are not found in U.S. EPR FSAR
Section 3.8.4.3.2. The applicant should explain the basis of the two equations and in
particular for Nmax describe why the live load, L, is reduced to .25L and the snow load, S, is
reduced to .75S.
7. The applicant is directed to provide examples of the calculations used to determine the
modeling of the hydrodynamic masses in the SSI analysis of the CBIS and how the
hydrodynamic pressures are subsequently calculated in the static model.
8. The applicant is directed to address how the process described for the static analysis
considered the three soil cases (UB, BE, LB) and how the design loads were determined
from this consideration. If the three soil cases were not considered the applicant should
describe what was done and provide appropriate technical justification for its basis.
9. FSAR Section 3.7.2.6 states that the maximum member forces and moments due to the three
earthquake components are combined using the "100-40-40" rule. In its response to
Question 03.07.02-58 the applicant states that these are combined using the SRSS method.
The applicant is directed to resolve this discrepancy.
Response
Question Part 1:
I
The Static model has a finer mesh and allows for more detail than the SASSI model. In order to
extract SSE accelerations from the SASSI model and apply them to the Static model, the
following process is followed:
1. Accelerations are extracted from the SASSI model at the corners and centers of walls
and slabs.
2. The structure is divided into groups, where a group is represented by a floor and its
attached supporting walls.
3. Considering a particular direction and a selected group, the respective accelerations for
the group are considered and the maximum is determined. This acceleration is applied
to the finite elements in the walls and floor of the particular group.
4. Step 3 is repeated for each group and the accelerations are applied to a complete Static
model.
The convective and impulsive masses are included in the SASSI model of the Common
Basemat Intake Structures (CBIS). The impulsive masses are rigidly attached to the walls of the
structure in contact with water, whereas the convective masses are attached to the walls by
means of spring elements. From the Soil-Structure Interaction (SSI) analyses, maximum
accele'rations are calculated at the locations of the convective and impulsive masses.
Question Part 2:
A value of 1% critical damping was originally included for the springs attached to the convective
masses. This value does not correspond to the ACI 350.3-06 recommendations, where a
smaller damping value for sloshing water is recommended. ACI recommends a critical damping
of approximately 0.5 to 1% for convective masses. The convective damping value is currently
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corrected to 0.5% critical damping and a sensitivity analysis performed to evaluate the
differences in acceleration responses when compared to the original 1% critical damping used
in the SSI analysis of the CBIS.
From the sensitivity analysis, response accelerations are computed and compared at the
locations of the convective springs for 1% and 0.5% critical damping SSI simulations. Maximum
accelerations are compared at the location of the convective masses and at the nodes on the
structure where the convective springs are attached. Based on this comparison for the
convective springs in the CBIS, significantly larger accelerations are observed at the location of
the convective masses for the simulation with 0.5% critical damping. However, insignificant
acceleration changes were observed at the locations where the convective springs are attached
to the structure. The accelerations on the structure are not affected because the convective
mass is very small compared to the mass of the CBIS and surrounding mobilized soil.
Moreover, the fundamental frequency of the convective mass (= 0.5 Hz) is very small compared
to the fundamental frequency of the CBIS and surrounding soil (>4Hz). This observation
confirms that the motion of the convective masses and the structure are uncoupled and that the
SSI response'of the CBIS is insignificantly affected by the change in the damping of the
convective springs.
The increase in convective accelerations, and hence the increase of spring forces due to the
0.5% critical damping, will be incorporated during the upcoming re-analysis. The results of this
analysis will be included as part of the response to RAI 253, Question 03.07.02-461.
The convective damping "C" is implemented in the SSI analysis in such a way that the total
critical damping ratio per convective mass (0.5 %) is distributed among the springs attached to
the mass, in a similar way as the spring constant "K" is distributed. The following relations are
used to find the equivalent spring properties (C and K) for springs connected in parallel and in
series,:I
1- Equivalent spring and damping value for parallel connection
KEqU. = K1 + K2
CEqU. = C1 + C2

2- Equivalent spring and damping value for series connection
1

1

1

KEqU.

K1

K2

1

1

1

CEqu.

C1

C2

In this way, when two springs are connected in parallel as shown in Figure 1, spring properties
are divided by two. If one of the springs is further divided as shown in Fig. 2, spring properties
are divided by the number of spring divisions considered. In the case where water is flowing
from one room to another through a wall opening, springs connected in series are required as

1 Surinder Arora (NRC) to Robert Poche (UniStar Nuclear Energy), "FINAL RAI 253 SEB2 4788" email
dated July 12, 2010
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shown in Fig. 3. In this case, the equivalent spring constant K and damping C are calculated
with the formula presented above for spring in series.
Figure 1: Convective mass attached to one spring at each side
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Figure 2: Convective mass attached to one spring at one side and two springs at the other side
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C
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Figure 3: Convective masses in two different rooms connected through an opening

Question Part 3:
The response to Part 1 describes the process for applying the SSE accelerations to the Static
Finite Element (FE) model. These accelerations are applied to a complete Static FE model, i.e.,
substructures are not modeled and analyzed separately.
Question Part 4:
Hydrodynamic loads on vertical walls, induced by the vertical accelerations as recommended by
ACI 350.3-06, were not included in the previous analysis. However, these loads will be included
in theIupcoming analysis when determining maximum member forces for design, and the results
of such analysis will be included as part of the response to RAI 253, Question 03.07.02-461.
1
Question Part 5:
It should be noted that although the convective and impulsive loads are analyzed separately,
their respective load effects are combined using the Square Root of Sum of Squares (SRSS)
rule as recommended by ACI 350.3-06. The use of the SRSS rule is justified by the observation
that t 'he convective and impulsive hydrodynamic loads are not in phase. It is also observed from
the description presented in Part 2 of this response that the oscillation of the convective mass
does not affect the dynamic response of the structure, i.e., they are not in phase. As the
impulsive hydrodynamic mass moves with the structure, it can be concluded that its response is
not affected by the convective mass oscillation and can be therefore analyzed separately.
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Question Part 6:
This question is answered in Part 2 of the response to RAI 323 Question 03.07.02-68 (this
response letter).
Question Part 7:
The hydrodynamic effects of water contained in the CBIS are considered in accordance with
ACI 350.3-06. The impulsive and convective water masses due to horizontal earthquake
excitation are calculated using the clear dimensions between the walls perpendicular and
parallel to the direction of motion. The hydrodynamic effects in the CBIS are modeled by
considering a tank idealization. The convective mass (Me), the height of convective mass (Hc),
the impulsive mass (Mi) and the height of impulsive mass (Hi) were computed using Equations
9-1 to 9-8 of ACI 350.3-06. The impulsive mass(Mi) is rigidly attached to the tank walls while
the convective mass (Mc) is attached to the walls with appropriate spring stiffness (Kc)
computed using Equations 9-9 to 9-14 of ACI 350.3-06.
A sample calculation of the impulsive and convective water masses and convective springs
computed for the Forebay region of the CBIS are presented in Table 1. The clear dimension of
CBIS Forebay, 100 ft in the North-South direction, 80 ft in the East-West direction and 18.5 ft
height is considered for the SSI hydrodynamic calculation. The hydrodynamic load parameters
for input motion in the X (N-S) direction are shown in Fig. 4.
From the SSI analysis results, maximum accelerations are calculated at the locations of the
convective and impulsive masses and the hydrodynamic forces are computed. The
hydrodynamic forces are subsequently converted to pressures by applying the formulas
provided in Section R5.3.1 of ACI 350.3-06. Pressures representing the Impulsive, Convective
and Vertical Acceleration loads are applied to the affected walls as distributed loads in the Static
Model.
iI

Direction

Table 1: Horizontal hvdrodvnamic mass and sDrina in the Forebav Reaion
L

H

W

(ft)

M (kips

M(ki
ft)(t)\t

ft

Hi

Hc

Kc

)

(ft)

(kips/ft)

N-S

18.5

100

80

61.26

215.3

6.94

9.50

57.97

E-W

18.5

80

100

76.51

204.17

6.94

9.64

81.46
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Figure 4: North-South Input Motion Hydrodynamic Load Parameters for the Forebay Area
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Question Part 8:
SSE accelerations are enveloped for the three soil cases by selecting the maximum
acceleration at a given location, in a given direction. Therefore, each soil case is not considered
individually but a worst-case acceleration is used for the static analysis.
Question Part 9:
Member forces and moments due to the three earthquake components are combined using the
SRSS rule. The FSAR will be updated accordingly.
COLA Impact
FSAR Section 3.7.2.6 is being updated as follows:
3.7.2.6

Three Components of Earthquake Motion

As indicated in Section 3.7.2.4, the SSI analysis of the site-specific Seismic Category I
structures is performed using the integrated finite element model, with the input ground motion
applied separately in the three directions. Following the methodology described in U.S. EPR
FSAR Section 3.7.2.5 for EPGB and ESWB, the ISRS in the UHS Makeup Water Intake
Structure are determined by using the Square Root of Sum of Squares (SRSS) of the calculated
response spectra in a given direction, due to earthquake motion in the three directions.
I
.
member forces and moments due to the three earthquake motion components
The maximum
are combined using the ASCE 4-98 (ASCE, 2000) "00 40 40" SRSS combination rule to obtain
the mIaximum total member forces and moments. The 400-40-40 SRSS rule used is consistent
with the requirements of RG 1.92, Revision 2 (NRC, 2006).

FSAR Section 3.8.4.4.7 is being updated as follows:
3.8.4.4.7

{Forebay and UHS Makeup Water Intake Structure

The accelerations determined from the SSI analysis are applied to the FE model and combined
with other static analyses to generate design forces and moments for load combinations
involving seismic effects, in accordance with Section 3.8.4.3.2. Seismic accelerations for a
particIular earthquake direction are computed by adding the accelerations of three directions at a
giveni location using the Square Root of the Sum of the Squares (SRSS) method. Accelerations
are then enveloped for a particular direction for all soil profiles (i.e., UB, BE, LB described in
Section 3.7.1.3.3).
Following application of the SASSI accelerations from the three components of earthquake
motio'ns to the static model, the results are combined using the 100 40 40 pr,,ntSRSS rule, as
described in Section 3.7.2.6. The design forces and moments from seismic and non-seismic
load combinations are used to design reinforced concrete shear walls and slabs according to
the provisions of ACI 349-01 (ACI, 2001a) (with supplemental guidance of Regulatory Guide
1.142 (NRC, 2001)). Results of the reinforced concrete design are provided in Appendix 3E
Section 3E.4.5.

