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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

255-8285

SRP Section:

03.08.05 – Foundations

Application Section:

03.08.05

Date of RAI Issue:

10/19/2015

Question No. 03.08.05-7
10 CFR 50.55a and 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4 and 5
provide the regulatory requirements for the design of the seismic Category I structures.
Standard Review Plan (SRP) Section 3.8.5.I.3, “Load and Load Combinations,” states, “These
should also include the loads that are induced by the construction sequence and by the
differential settlements of the soil under and to the sides of the structures.” Furthermore, SRP
Section 3.8.5.I.4, “Design and Analysis Procedures,”, states, “Where a single mat foundation is
used for multiple plant structures, attention is given to bending, shear, and similar factors in the
basemat that are attributable to uneven settlement, construction sequence, and mat flexibility.”
In DCD Tier 2, Section 3.8.6.4, “Design and Analysis Procedures,” the applicant stated “The
maximum differential settlement of foundation is 12.7 mm per 15.24 m (0.5 in per 50 ft) within NI
common basemat. The maximum differential settlement between buildings is 12.7 mm (0.5 in)
based on enveloping properties of subsurface materials. ” However, it is not clear to the staff
how the construction sequence and differential settlement of foundations were considered in the
load and load combinations. Therefore, the applicant is requested to describe how the
construction sequence and differential settlement of foundations were considered in the load
and load combinations. Also, DCD Section 3.8.5 should be updated accordingly.

Response
In order to determine the maximum differential settlement inside the building, the "after construction state"
of building structures for static loading (Dead + Live) and dynamic loading were considered, as follows.
1)

Static loading case (Refer to Technical Report APR 1400-E-S-NR-14006-P, Rev.1 Subsection 4)
In order to check differential settlement for the static loading case (Dead + Live) under the as-built
state of building structures, the nodes within a distance of approximately 50 ft for soil profiles
S1, S4, S8, as shown in Figure 4-4 of the Technical Report, were chosen. In this analysis, the soil
stiffness was considered the soil springs applied subgrade modulus as written in TeR
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Table 2-4. Refer to the detailed explanation on how to calculate the subgrade modulus in
TeR subsection 2.3.
2)

Construction Sequence based on concrete pouring and hardening stage within the
basemat (Refer to Technical Report APR 1400-E-S-NR-14006-P, Rev.1 Subsection 5)
The purpose of the analysis is to check the stress changes of the concrete and
settlement distribution corresponding to the construction sequence. The applied loads
are the self–weight of the NI common basemat without any other loads.
In order to calculate the differential settlement under the 24 stages of concrete
pouring and hardening, the difference between the maximum and minimum displacements
was used for soil profiles 1 and 8, as described in TeR Table 5-3. Contrary to the analysis presented
in respone (1), the foundation model including soil stiffness in TeR Table 2-3 was used.
For the soil stiffness value, refer to RAI 255-8285 Question 03.08.05-16.

3)

Dynamic loading case.
The displacement results from the seismic analysis calculation were used for differential
settlements caused by seismic loading (refer to TeR Figures 4-6 through 4-14 regarding
displacements of the basemat due to seismic loading). Note that the differential settlement
by seismic loading was obtained from the time-history analysis which does not consider any
other loads. Refere to RAI 255-8285 Question 03.08.05-17 for a detailed discussion.
According to DCD Table 3.7A-1, which describes in the characteristic of soil profiles S1 thru S8,
the soil layers consist of sand, soft rock or rock. The settlements during construction are not
governed for the sand and/or rock site. Therefore, the differential settlement for limited soil
profiles were analyzed, as described in Table 1.
Table 1. Summary of Differential Settlement Analysis Model
Differential Settlement Analysis Model
Static
(ANSYS)

Dynamic
(SASSI)

Construction Sequence for Basemat
(ANSYS)

Applied Load

Dead+Live

Seismic Loading

Self-weight corresponding the
sequence

Soil model

Soil spring
(S1, S4, S8)

3D Full Model
(All Soil profiles)

3D Full Model
(S1, S8)

Soil Stiffness

Subgrade
Modulus

Elastic Modulus

Elastic Modulus
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In order to determine whether the soft soil case is the governing case for the construction sequence analysis,
the moment diagram for each section of the soil profiles (S1, S8) is compared under the abnormal/extreme
environment load combination (LC08). Figure 1 depicts the detailed sections in the basemat. Figures 2
through 4 depict the moment diagram for each section.
1

ELEMENTS

Section-3

Section-1

Y
Z

X

Section-2

Figure 1. Detailed Section in the NI basemat
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Figure 2. Detailed Section-01 and Moment Diagram under Abnormal/Extreme Case
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Figure 3. Detailed Section-02 and Moment Diagram under Abnormal/Extreme Case
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Figure 4. Detailed Section-03 and Moment Diagram under Abnormal/Extreme Case
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According to SRP 3.8.1, 3.8.3, 3.8.4 and 3.8.5, the Seismic Category I Structures including
foundation and superstructures should be designed to account for the additional member
forces and moments induced by the effects of the construction sequence and the instantaneous
and long term settlement of the soil under the foundation. TeR Section 5.0 discusses
the differential settlement during construction of basemat for soil profile 1 and 8. However,
a construction sequence analysis based on the generic soil profiles and concrete pouring
sequence for the superstructure that considers the additional member forces and moments in the
basemat and superstructures will be submitted as a supplement to this response in
November 2016. Although the construction sequence analysis has been addressed at the DC stage,
the construction sequence analysis will be re-evaluated in the COL stage based on the actual
site condition and construction sequence established by COL applicant.
The following items need to be considered by the COL applicant.
1)

The site-specific soil profiles.

2)

Based on the site-specific soil characteristics, a site-specific evaluation will be performed
if stiff/soft areas exist, cohesive type soils exist, there is a potential for loss of cement in the mudmat,
and/or non-uniformity of soil layersare present.

3)

The time (short term vs long term), instantaneous settlement and time-consolidation
effect shall be considered in accordance with site-specific soil profiles. The differential
settlement of the basemat and bearing stress shall be checked to demonstrate
acceptability.

4)

The COL applicant will construct the seismic category I structures according to the construction
sequence used in construction sequence analysis.

5)

If site-specific evaluation is required, the COL applicant will perform a construction
sequence analysis based on the site-specific parameters. If the settlement,
including results of construction sequence analysis. exceeds the acceptance criteria in
DCD Table 2.0-1, the construction sequence will be modified to meet the
acceptance criteria in the DCD Table 2.0-1.

6)

The effect of the design for Seismic Category I structures due to construction sequence
analysis shall be accounted for by COL applicant.

COL information items (COL 3.8 (11), COL 3.8(12)) will be added to the DCD, as indicated in
the attachment associated with this response.
Impact on DCD
DCD Tier 2, Table 1.8-2 and Subsection 3.8.6 will be revised as indicated in the attachment
associated with this response.
Impact on PRA
There is no impact on the PRA.
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Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environmental Report.
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APR1400 DCD TIER 2
Table 1.8-2 (5 of 29)
Item No.

Description

COL 3.8(7)

The COL applicant is to confirm that uneven settlement due to construction sequence of the
NI basemat falls within the values specified in Table 2.0-1.

COL 3.8(8)

The COL applicant is to provide the necessary measures for foundation settlement
monitoring considering site-specific conditions.

COL 3.8(9)

The COL applicant is to provide testing and inservice inspection program to examine
inaccessible areas of the concrete structure for degradation and to monitor groundwater
chemistry.

COL 3.8(10)

The COL application is to provide the following soil information for APR1400 site:
1) Elastic shear modulus and Poisson's ratio of the subsurface soil layers,
2) Consolidation properties including data from one-dimensional consolidation tests (initial
void ratio, Cc, Ccr, OCR, and complete e-log p curves) and time-versus-consolidation plots,
3) Moisture content, Atterberg limits, grain size analyses, and soil classification,
4) Construction sequence and loading history, and
5) Excavation and dewatering programs.

COL 3.9(1)

The COL applicant is to provide the inspection results for the APR1400 reactor internals
classified as non-prototype Category I in accordance with RG 1.20.

COL 3.9(2)

The COL applicant is to provide a summary of the maximum total stress, deformation, and
cumulative usage factor values for each of the component operating conditions for ASME
Code Class 1 components except for ASME Code Class 1 nine major components. For those
values that differ from the allowable limits by less than 10 percent, the contribution of each
loading category (e.g., seismic, deadweight, pressure, and thermal) to the total stress is
provided for each maximum stress value identified in this range. The COL applicant is to
also provide a summary of the maximum total stress and deformation values for each of the
component operating conditions for Class 2 and 3 components required to shut down the
reactor or mitigate consequences of a postulated piping failure without offsite power (with
identification of those values that differ from the allowable limits by less than 10 percent).

COL 3.9(3)

The COL applicant is to identify the site-specific active pumps.

COL 3.9(4)

The COL applicant is to confirm the type of testing and frequency of site-specific pumps
subject to IST in accordance with the ASME Code.

COL 3.9(5)

The COL applicant is to confirm the type of testing and frequency of site-specific valves
subject to IST in accordance with the ASME Code.

COL 3.9(6)

The COL applicant is to provide a table listing all safety-related components that use
snubbers in their support systems.



COL. 3.8 (11), COL 3.8(12) is added as shown Attachment (3/3).
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APR1400 DCD TIER 2
COL 3.8(7)

The COL applicant is to confirm that uneven settlement due to construction
sequence of the NI basemat falls within the values specified in Table 2.0-1.

COL 3.8(8)

The COL applicant is to provide the necessary measures for foundation
settlement monitoring considering site-specific conditions.

COL 3.8(9)

The COL applicant is to provide testing and inservice inspection program
to examine inaccessible areas of the concrete structure for degradation and
to monitor groundwater chemistry.

COL 3.8.(10)

The COL applicant is to provide the following soil information for the
APR1400 site: 1) elastic shear modulus and Poisson's ratio of the
subsurface soil layers, 2) consolidation properties including data from onedimensional consolidation tests (initial void ratio, Cc, Ccr, OCR, and
complete e-log p curves) and time-versus-consolidation plots, 3) moisture
content, Atterberg limits, grain size analyses, and soil classification, 4)
construction sequence and loading history, and 5) excavation and
dewatering programs.

3.8.7

References

1.

10 CFR Part 50, “Domestic Licensing of Production and Utilization Facilities,” U.S.
Nuclear Regulatory Commission.

2.

ASME Section III, Subsection NE, “Class MC Components,” The American Society of
Mechanical Engineers, the 2007 Edition with the 2008 Addenda.

3.

ASME Section III, Division 2, “Code for Concrete Containments,” Subsection CC,
American Society of Mechanical Engineers, 2001 Edition with 2003 Addenda.

4.

Regulatory Guide 1.35, “Inservice Inspection of Ungrouted Tendons in Prestressed
Concrete Containment,” Rev. 3, U.S. Nuclear Regulatory Commission, July 1990.

5.

Regulatory Guide 1.35.1, “Determining Prestressing Forces for Inspection of
Prestressed Concrete Containments,” U.S. Nuclear Regulatory Commission, July
1990.
COL. 3.8 (11), COL 3.8(12) is added as shown Attachment (3/3).
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COL 3.8 (11) The detailed construction sequence analysis for the basemat and superstructure
shall be performed according to the construction plan. The construction shall use foundation
media model, material properties, and superstructure model that was used for DC application.
And the differential settlement of the basemat and concrete stress in the structure shall be
checked to demonstrate acceptability. If the results exceed limits of Table 2.0-1, a detailed
evaluation and revised construction plan will be described by the Combined License applicant.
COL 3.8 (12) The following items need to be considered by the COL applicant.
1)The surveyed soil profiles will be developed.
2)Based on the surveyed soil characteristics, if stiff/soft spot exist, different soil types
(cohesive), potential for loss of cement in the mudmat, and non-uniformity of soil layers, are
identified. Then, a site-specific evaluation will be performed.
3)The time (short term vs long term), instantaneous settlement and time-consolidation effect,
shall be considered in accordance with surveyed soil profiles. And the differential settlement of
the basemat and bearing stress shall be checked to demonstrate acceptability.
4)COL applicant will build the seismic category I structure according to the construction
sequence used in construction sequence analysis.
5)If site-specific evaluation is required, the COL applicant performs construction sequence
analysis based on the site-specific parameters. And if the settlement including results of
construction sequence analysis exceeds the acceptance criteria in the DCD Table 2.0-1, the
construction sequence will be modified to meet the acceptance criteria in the DCD Table 2.0-1
by COL applicant
6)The effect of the design for Seismic Category I structures due to construction sequence
analysis shall be accounted by COL applicant.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

255-8285

SRP Section:

03.08.05 – Foundations

Application Section:

03.08.05

Date of RAI Issue:

10/19/2015

Question No. 03.08.05-18
10 CFR 50.55a and Appendix A to 10 CFR Part 50, General Design Criteria 1, 2, 4, 16 and 50,
provide the regulatory requirements for the design of the containment internal structures.
Standard Review Plan (SRP) 3.8.5, Section II specifies analysis and design procedures
applicable to the foundation of seismic Category I structures.
Technical Report (TR) APR1400-E-S-NR-14006-P, Rev 1, “Stability Check for NI Common
Basemat,” Section 5.0, “Construction Sequence Analysis,” describes the construction sequence
analyses performed for the NI basemat, and indicates that Sites S1 and S8 were used for the
calculations. Figure 2-1, “Shear Wave Velocity of Generic Site Categories,” indicates that site
S�2 is softer than Site S1 in the top 100’ of the profile and will be expected to lead to larger
construction settlements and structural demands. Per 10 CFR 50.55a; Appendix A to 10 CFR
Part 50, General Design Criteria 1, 2, 4, 16 and 50; and SRP 3.8.5, the applicant is requested to
provide the basis for using the Site S1 rather than S-2. Also, if any site considered for
construction of the APR1400 design has soil conditions that lead to settlements greater than
those computed for S1 and S8 in the DCD and technical report, explain how that will be
addressed.
Additionally, the staff believes that most construction sequence studies are based on assuming
either (1) a sand profile where settlements occur instantaneously as load is applied, or, (2) a
fine-grained soil where settlements are delayed due to potential time-consolidation effects.
These two bounding profiles can lead to different demands on the structural elements. Also, an
evaluation of short term and long term settlements are normally evaluated for the basemat and
the superstructures, and incorporated into the design. The above considerations could not be
identified in the analysis and design of the basemat and superstructures. Therefore, the
applicant is requested to address how settlement and construction sequences during the short
term condition of the basemat and superstructure, as well as long term condition were
considered in the analysis studies and in the design of the basemat and superstructures.
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Also, it is not clear how a differential displacement of 0.5 in. per 50 ft. can be used by the COL
applicant to confirm the design adequacy of the basemat and superstructure. Usually,
displacement of basemat results in bending distortion between adjacent points, not simply
differential displacements. Therefore, the applicant is requested to explain how the COL
applicant is supposed to check for settlements, and revise the technical report, applicable
sections of the DCD, and COL item(s) accordingly.

Response
1)

The applicant is requested to provide the basis for using the Site S1 rather than S2 soil
profile.
Soil profile S1 is chosen as the representative soil profile even though soil profile S2 is
softer than S1 at some depths. To find the weakest of the site profiles, the subgrade moduli
of S1 and S2 are compared, as shown below in Table 1. The subgrade moduli are
calculated using the methodology described in Technical Report APR1400-E-S-NR-14006-P,
Rev. 1, “Stability Check for NI Common Basemat,” Section 2.2.1, “Elastic Modulus of Soil
Sites.” The values or S1 are presented in Table 2-4, “Equivalent Subgrade Moduli of Site
Profiles” of the TeR. Since the subgrade modulus of S1 is less than S2, S1 has been
selected for the construction sequence analyses performed for the NI basemat. If the site
specific soil information identified by the COL applicant as a result of performing the actions
required by COL 3.8(10) is not enveloped by soil profiles S1 ~ S9, and the soil condition
leads to greater settlement, the COL applicant shall perform the analysis required by COL
3.8 (11) (please see KHNP’s response to RAI 255-8285, Question 03.08.05-7) and
determine the acceptability of the site specific settlements obtained.
Table 1 Comparison of Soil Profile 1 and Soil Profile 2
Soil Profile

Max.Displacement (ft)

Subgrade modulus
(kcf)

NI Basemat

2)

S1

0.028046 (Z,Vertical)

Kv=35.66

S2

0.020109 (Z,Vertical)

Kv=49.73

The applicant is requested to address how settlement and construction sequences during
the short term condition of the basemat and superstructure, as well as long term condition
were considered in the analysis studies and in the design of the basemat and
superstructures.
According to DCD table 3.7A-1, the soil profiles in APR 1400 project consist of sand, soft
rock and rock. Considering the characteristics of sand and rock for settlement, the
settlement of APR1400 basemat will be controlled by the instantaneous settlement of sand.
In the actual site, COL item, COL 3.8(10), the site-specific soil parameters are provided.
The elastic soil moduli are recalculated based on elastic shear modulus provided in
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accordance with COL 3.8(10). In the DCD phase, the static elastic moduli considered in the
basemat analysis of seismic category I was determined with low reduction factor, 0.1153 ,as
described in RAI 255-8285 Question 03.08.05-16, to emphasize settlement. So, the results
(settlement) from analysis in DCD phase include sufficient margin for long-term settlement
in sand and rock profiles.
If site-specific parameters are different with APR 1400 DC soil parameters, the COL applicant
shall adhere to COL 3.8(12) of RAI 255-8285 Question 03.08.05-7.
For the details about construction sequence, refers to RAI 255-8285 Question 03.08.05-7.

Impact on DCD
There is no impact on the DCD.
Impact on PRA
There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environmental Report.

