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3.8 Seismic Category | Structures

3.8.1.31

The information in this section of the reference ABWR DCD, including all subsections
is incorporated by reference with the following standard departures and supplements.

STD DEP T1 2.15-1
STD DEP 1.8-1
STD DEP 12.3-3
STD DEP Admin

Normal Loads
STD DEP T1 2.15-1

STD DEP 1.8-1
(2)

The criteria for consideration of live loads for the designs of structural
elements of the Reactor Building and Control Building-anethe-Radwaste-
Building are provided in Subsections 3H.1.4.3.1;.and 3H.2.4.3.1, and-
3H-3-4-3-1; respectively.

(b) Section 9.3 of ASCE Standards 7-88 and Seetion-2334(a)}-ofthe—1994-
YUniferm-Building-Gede-Section 12.7.2 of ASCE 7-05 specify that a

minimum of 25% of the floor live loads should be considered for the
computation of design seismic forces for storage and warehouse type
occupancies. The variation in live load intensity and occurrence in
operating nuclear plants is expected to be no higher than that for
storage ir and warehouse occupancies. A 25% of full live loads is,
therefore, equally applicable to the nuclear plants.

3.8.4 Other Seismic Category | Structures

STD DEP T1 2.15-1
STD DEP 12.3-3

Other Seismic Category | structures which constitute the ABWR Standard Plant are
the Reactor Building and Control Building.-and-Radwaste-Building-substructure:
Figure 1.2-1 shows the spatial relationship of these buildings. The only other
structures in close proximity to these structures isare the Radwaste Building and the
Turbine Building. #sThese are structurally separated from the other ABWR Standard
Plant buildings.

The R/B, steam tunnel, Residual Heat Removal (RHR) System, Reactor Water
Cleanup (CUW) System, and Reactor Core Isolation Cooling (RCIC) System rooms
are designed to handle the consequences of high-energy pipe breaks. The RHR,
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RCIC, and CUW rooms are designed for differential compartment pressures, with the
associated temperature rise and jet force Steam—generateel—m—the—R—HR—eemﬁa#ment—
-The
steam tunne/ is vented to the Turbine Bur/d/ng ( T/B) through the seismic interface
restraint structure (SIRS). The steam tunnel, which contains several pipelines (e.qg.,
main steam, feedwater, RHR), is also designed for a compartment differential pressure
with the associated temperature changes and jet force.

3.8.4.1.3 Radwaste Building-Substrueture_(Not Used)
STD DEP T1 2.15-1

3.8.4.2.3 Radwaste Building-Substrueture_(Not Used)
STD DEP T1 2.15-1

3.8-2 Seismic Category | Structures
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3.8.4.3.2 Control Building-and-Radwaste-Building-Substrueture
STD DEP T1 2.15-1

3.8.4.4.1 Reactor Building; and Control Building-and-Radwaste-Building-
Substrueture

STD DEP T1 2.15-1

[The Reactor Buildingsand Control Building and-Radwaste-Building-Substructure-will
be designed in accordance with ACI-349 for concrete structures and ANSI/AISC-

N690 specification for steel structures.]*

The Reactor Buildingand Control Building. ard-Radwaste-Buildirg-Stbstructure-are

analyzed using the computer codes listed in Appendix 3C.

The foundation for Category | structures is contained in the summary reports for their
respective buildings. The reactor building foundations is contained in Section 3H.1;
and the control building foundation is in Section 3H.2.-ard-the+radwaste-bufding-
foundationisn-Seetion-3H-3. This summary report contains a section detailing safety
factors against sliding, over turning, and floatation.

3.8.4.5.3 Radwaste-Building-Substrueture_(Not Used)
STD DEP T1 2.15-1

3.8.5.1 Description of the Foundations
STD DEP T1 2.15-1

The foundation for Category 1 structures is contained in the summary reports for their
respective buildings. The Reactor Building foundation is contained in Section 3H.1 and
the Control Building foundation is in Section 3H.2.ardthe-Radwaste-Building-
foundationisHn-Seetion-3H-3- This summary report contains a section detailing safety
factors against sliding, over turning, and floatation.
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3.8.6 COL License Information

3.8.6.1 Foundation Waterproofing

3.8-4

The following standard supplement addresses COL License Information Item 3.23.

Foundation waterproofing is done by placing a waterproofing membrane near the top
elevation of the concrete fill. The remainder of the concrete fill is then poured on top of
the waterproofing material. A waterproof membrane that could degrade the ability of
the foundation to transfer loads is not used.

The material used for the waterproof membrane will be a two-coat color-coded Methyl
Methacrylate (MMA) resin, which is an elastomeric “spray-on” membrane. The total
thickness of the waterproofing membrane will be a nominal 120 mils.

Additional testing on the waterproofing membrane will be required to demonstrate the
adequacy of the membrane’s performance under applicable mechanical conditions.
including pressures from the backfill, hydrostatic pressure, and foundation bearing.
Test conditions will simulate the environment at the walls and the base level. The
horizontal membrane (located in the structural concrete fill) will also be tested for its
resistance to the hydrostatic pressures at the membrane location, as the basic
assumption that necessitates the use of waterproofing is that cracks in the concrete fill
will allow water to propagate up to the waterproofing membrane.

The membrane will be tested in accordance with ASTM D5385, Standard Test Method
for Hydrostatic Pressure Resistance of Waterproofing Membranes, which requires that
the membrane be subjected to a pressure of 100 psi. The acceptance criterion is that
the sample is able to resist the expected hydrostatic pressure.

The waterproofing membrane will be tested per ASTM C267 (Standard Test Methods
for Chemical Resistance of Mortars, Grouts. and Monolithic Surfacings and Polymer
Concretes) for its resistance to the concrete mix chemistry, the actual backfill material
chemistry, and groundwater chemistry found on site. Additional testing of the
waterproofing membrane’s ability to resist the chemical reagents as specified through
accelerated aging will be done per ASTM G114 (Standard Practices for Evaluating the
Age Resistance of Polymeric Materials Used in Oxygen Service). The margin provided
by the testing, for chemicals and pressure exposures. along with the results from
accelerated age testing will ensure that the waterproofing will sufficiently resist the
projected environmental pressures over its intended lifetime.

The coefficient of friction of the waterproofing material will be determined with a
qualification program prior to procurement of the membrare-material. The qualification
program will be developed to demonstrate that the selected material will meet the
waterproofing and friction requirements. The qualification program will include testing
to demonstrate that the waterproofing requirements and the coefficient of friction
required to transfer seismic loads ferSTP-3-&4-have been met. Testing methods will
simulate field conditions to demonstrate that the minimum required static coefficient of
friction_of 0.75 is achieved by the structural concrete fill - waterproof membrane
structural interface. The material will meet the required friction factor._Also. to achieve
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a_ minimum coefficient of friction of 0.75 to prevent sliding at the construction joints in
the structural concrete and concrete fill, the concrete surfaces will be roughened in
accordance with the provisions of Section 11.7.9 of ACI 349-97.

The test program will be based on the test methods contained in ASTM D1894. The
tests will be performed with the expected range of normal compressive stresses. The
coefficient of friction, as defined in ASTM D1894, is the ratio of the force required to
move one surface over another to the total force applied normal to those surfaces. The
test fixture assembly will be designed to obtain a series of shear / lateral forces and the
corresponding applied normal compressive loads. The test data will be generally
represented by a best fit straight line whose slope is the coefficient of friction.

3.8.6.2 Site Specific Physical Properties and Foundation Settlement

The following site-specific supplement addresses COL License Information Item 3.24.

Physical properties of the site-specific subgrade medium and the settlement of
foundations are assessed in Sections 3H.6.4.2 and 2.5S .4.

3.8.6.3 Structural Integrity Test Result

3.8.6.3.1

The following standard supplement addresses COL License Information Item 3.25.

Structural Integrity Test (SIT) of the containments will be performed in accordance with
Subsection 3.8.1.7.1 and ITAAC Table 2.14.1 ltem #3. The firstUnit 3 containment will
be considered a prototype and its SIT performed accordingly. The details of the test

and the instrumentation;-asrequiredforsuch-atest-wilkbe are provided in the following
subsections.-ASME-Genstruction-Speeification: The test and instrument plan for the

Unit 3 SIT will conform to the requirements for prototype containments as delineated
in Article CC-6000 of ASME Section lll, Division 2. The test and instrument plan for the
Unit 4 SIT will conform to the requirements for nonprototype containments as
delineated in Article CC-6000 of ASME Section Ill, Division 2.

Details of the Test:

The containment is subjected to integrity tests that include both an overall internal
pressure test and a differential pressure test. The everaltSIT will be performed at a test
pressure of atleast 1.15 times the containment design pressure in both the drywell and
suppression chamber simultaneously. The differential pressure test will be performed
at a test pressure of at least 1.0 times the maximum design differential pressure. The
test pressure will be held for at least 1 hour.

Predictions of displacements and strains will be made prior to the start of the Unit 3
test. During the SIT-ests, the suppression chamber and spent fuel pool will be filled
with water to the normal operational water level. Atmospheric air will be used as the
testing medium for both the overall and the differential pressure test. The Designer or
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his designee will perform a pretest visual examination of the accessible portions of the
prirmary-contairmentvesselReinforced Concrete Containment Vessel (RCCV) prior to
the strueturantegrity(Sh-testSIT in accordance with CC-6210 of ASME Section lll,
Division 2. The Designer or his designee will witness the SHestSIT and will monitor
displacement measurements.

3.8.6.3.1.1 Test Description & Objectives

(1)

(2)

(3)

(4)

The SIT will test the RCCV for structural performance acceptability as a
prerequisite for Code Acceptance and stamping. The test will be conducted
in accordance with the 2001 Edition, including 2003 addenda, of the ASME
Boiler & Pressure Vessel Code, Section lll, Division 2, Article CC-6000
(hereinafter referred to as the ASME Code).

The SIT is performed at a test pressure of at least 1.15 times the containment
design pressure of 45 psig (1.15x45=51.75 psiqg) (357 kPaqg) to demonstrate
the quality of construction and to verify the acceptable performance of new
design features. The structural response of the system under the required
maximum test pressure - measured in terms of displacements, strain (Unit 3
only) and cracking - shall be recorded and the data shall be presented in a

final report.

Evaluation of SIT results will be conducted in accordance with Section
CC-6400 of the ASME Code using the acceptance criteria given in Section
CC-6410.

The SIT shall be performed using atmospheric air.

3.8.6.3.1.2 Test Parameters:

3.8-6

(1)

Loading

(a) Pressurization/depressurization test of the RCCV

The SIT will subject the RCCV to a pressurization/depressurization
sequence during which the internal pressure is increased from
atmospheric pressure to the test pressure at which point pressure
inside the RCCV will be held at maximum test pressure for at least 1
hour. Afterwards, the internal pressure is decreased from the maximum
test pressure to atmospheric pressure. A detailed description of the test
pressurization sequence is provided in Subsection 3.8.6.3.1.2(1)(c)
below.

(b) Differential pressurization/depressurization of drywell and suppression
chamber

The SIT will subject the drywell of the RCCV to a differential
pressurization/depressurization sequence while the suppression
chamber is at the atmospheric pressure. For this test, the internal
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pressure of the drywell is set to 25 psig (172 kPag) and held at this level
for at least 1 hour.

(c) Pressurization Sequence

The pressurization/depressurization rate during the test shall not
exceed 20% of the maximum test pressure per hour, or 10.35 psig per
hour. The pressurization and depressurization shall be performed using
a minimum of 5 pressure steps. At the end of each step, the pressure
shall be held for a minimum of 1 hour to collect a full set of strains (Unit
3 only), displacements, and temperatures. Once the full SIT test
pressure is obtained, the pressure shall be held for a minimum of 2
hours to perform crack mapping in addition to collecting a full set of
strains (Unit 3 only), displacements, and temperatures. The same
process shall be used during the depressurization phase of the test.

(2) Response

(a) Displacement

Displacement measurements shall be taken at the following locations:

(a.1) Radial displacements in the drywell: top of the drywell, mid-
height of the upper drywell, and above the diaphragm floor.
Radial displacements in the suppression chamber (SC): top of
the SC, mid-height of the SC, and above the basemat.
Measurements shall be made at a minimum of four
approximately equally spaced azimuths and should be
perpendicular to the containment centerline.

(a.2) Radial displacements of the containment wall adjacent to the
largest opening. at a minimum of 12 points, four equally spaced
on each of three concentric circles. The diameter for the inner
circle shall be large enough to permit measurements to be made
on the concrete rather than on the steel sleeve; the middle
approximately 1.75 times the diameter of the opening; and the
outer approximately 2.5 times the diameter of the opening. The
change in the diameter of the opening shall be measured on the
horizontal and vertical axes.

(a.3) Vertical displacement of the RCCV walls at the top of the drywell
relative to the basemat-wall junction, measured at a minimum of
four approximately equally spaced azimuths.

(a.4) Vertical displacement of the drywell top slab relative to the
basemat near the reactor shield wall, and vertical displacement
of the drywell top slab relative to the basemat at two other
approximately equally spaced locations between the reactor
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shield wall and the primary vertical wall of the RCCV on a
common azimuth.

(b) Strain (Unit 3 Only)
Per requirements of Section CC-6370 of ASME code, the Unit 3
prototype containment shall be instrumented to measure strain. Strain
measuring instrumentation will be located so as to demonstrate the
structural behavior of the following areas of the RCCV, at a minimum:
(b.1) the intersection of the shell and the basemat.
(b.2) near mid-height on the suppression chamber.
(b.3) near mid-height on the upper drywell.
(b.4) the vicinity of the lower drywell access tunnel at azimuth 180

deq.

(b.5) the intersection of the shell and the top slab.
(b.6) the intersection of the shell and the diaphragm floor.
(b.7) the intersection of the top slab and the drywell head.

(c) Temperature
Ambient temperature shall be measured inside and outside the RCCV.
In addition. per requirements of Section CC-6380 of ASME code, for the
Unit 3 prototype containment, temperatures shall be measured at all
strain gage locations to establish representative temperatures for strain
measurements. Temperature measurements shall be used to correct
measured strain values for thermal effects.

(d) Crack mapping
Per requirements of Section CC-6350 of ASME code, concrete surface
cracks shall be mapped. The patterns of cracks that exceed 0.01 inch
(0.25 mm) in width and 6 inches (152 mm) in length shall be mapped at
specified locations before the test, at maximum pressure, and after the
test. At each location, an area of at least 40 sq ft (3.7 m2) shall be
mapped.
Locations for crack mapping will be finalized after the completion of the
RCCV construction and SIT prediction analysis as well as the

3.8-8 Seismic Category I Structures
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completion of engineering for placement of the equipment, piping,
cables, and steel frame and galleries so that locations selected will:

(1) include areas with physical cracks that exceed 0.01 inch (0.25
mm) in width and 6 inches (152 mm) in length.

(2) include areas where high surface tensile strain is predicted.

(3) be easily accessed before, during, and after the SIT.

(e) Post-test examination

A post-test examination will be made within one (1) week of
depressurization. Details of the post-test examination will be the same
as those of the pretest examination required by CC-6210 of ASME
Section Ill, Division 2.

3.8.6.3.2 Instrumentation:

Instrumentation for the measurement of pressure, displacement, strain_(for Unit 3),
crack width and length, and temperature will be provided in accordance with CC-6220
of ASME Section lll, Division 2. Output of all instruments will be recorded prior to start
of testing and any erratic readings corrected, if possible, or noted. All malfunctioning
instrumentation will be reported to and evaluated by the Designer before proceeding
with testing. Instruments that become erratic or inoperative during testing will be
reported to the Designer before proceeding with testing.

Displacement, strain (for Unit 3), and temperature measurements will be made in
accordance with CC-6300 of ASME Section Ill, Division 2. Displacement, strain, and
temperature will be recorded at the locations specified in the test and instrument plan
as defined in the Construction Specification. The test plan will be available prior to start
of construction of the concrete containment so that sufficient time is available for
placement of instrumentation to be embedded in concrete or otherwise installed during
construction.

The primary containment will be pressurized and depressurized at rates not to exceed
20% of the test pressure per hour in accordance with CC-6321 of ASME Section lll,
Division 2.

Test data will be collected in accordance with CC-6340 of ASME Section I, Division
2. For the prototype Unit 3 Containment, strains and associated temperatures will be
measured for a minimum period of 24 hours prior to the SHestSIT to evaluate the strain
variations resulting from temperature change. Concrete crack patterns will be mapped
atlocations specified by the Designer before the tests, at maximum pressure, and after
the tests in accordance with CC-6350 of ASME Section lll, Division 2. Mapped areas
will include areas where high surface tensile strain is predicted.
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A post-test examination will be made within one (1) week of depressurization. Details
of the posttest examination will be the same as those of the pretest examination
required by CC-6210 of ASME Section lll, Division 2.

3.8.6.3.2.1 Equipment Description

3.8-10

(1) Pressurization system

(2)

(3)

(@)

(b)

The pressurization system shall be able to attain and hold the maximum
test pressure of 51.75 psig (357 kPag) during the pressurization/
depressurization of the RCCV and a test pressure of 25 psig (172 kPaqg)
during the differential pressurization/depressurization of the drywell and
suppression chamber.

Equipmentinside the RCCV that will be subject to pressure from the SIT
sequence shall be prepared for the test appropriately, including
potential for water vapor condensation.

Data acquisition system specifications

(@)

(b)

(c)

Data loggers will be used to collect data from various system
components including thermometers, strain gauges. pressure gauges,
and displacement transducers. Input/output measurement and control
modules, multiplexers, communication interface equipment, battery
backup power supplies and signal conditioning equipment shall be
supplied as necessary based upon the configuration and features of the
instrumentation equipment used.

The data loggers shall have appropriate non-volatile on-board memory
to minimize inadvertent loss of data. Sufficient data storage capacity will
be provided to store data collected from all gauges during the structural
integrity test without interruption.

Data collected from all gauges shall have a time stamp.

Specifications for instrumentation

(@)

Sister bar strain gauges

Sister bar strain gauges are the preferred choice for measurement of
strain in reinforcing steel.

(a.1) Sister bar strain gauges will be properly secured to the rebar
cage at pre-defined locations (See Section 3.8.6.3.1.2(2)(b))
and embedded in the concrete during concrete placement. The
end-to-end length of the bar segment used for the sister bar
strain gauges shall be two times the development length of the
sister bar plus either 4 in. or the protected length of the sister
bar, whichever is greater. The sensing components shall be foil
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(a.2)

type resistance strain gauges as described below. The foil type
resistance strain gauges shall be installed in a full bridge., 4-arm
configuration for improved stability. The gauges shall be
mounted at two locations around the circumference of the sister
rebar at mid-length. The two locations shall be positioned at
+180 degrees from each other. The strain gauges shall be
bonded to the sister bar by strain gauge epoxy if directly
attached to the rebar, or spot welded if previously encapsulated
inside a stainless steel shim. The rebar surface at the location
of the strain gauge attachment shall be prepared according to
the strain gauge manufacturer installation requirements. A
thermistor shall also be attached to the rebar, near the strain
gauges, to permit the differentiation of thermally induced strains
from load induced strains. The strain gauges and thermistor
shall be protected against moisture and chemical and
mechanical damage. Moisture protective material shall be a
type used for underwater applications such as silicone. A
protective coating such as polysulfide shall be applied over the
water proofing material to protect the strain gauges against
mechanical and chemical damages. A heat shrinkage protector
shall be further applied over the protective coatings for further
reinforcement. Each fabricated sister bar strain gauge shall be
tested by complete water immersion for at least 24 hrs. The
sister bar element shall be supplied with an appropriate cable as
defined in Subsection 3.8.6.3.2.1(4) below with an appropriate
length of cable such that there are no cable splices inside the
concrete. In addition, when splices are required outside the
concrete, all connections shall be soldered and then protected
from moisture and other contamination with a suitable cable
splice sealant. The cables shall be waterproofed and sealed as
an integral part of the assembly.

The foil type strain gauges shall have following characteristics:

a. Standard Range 3000 micro strain

b. Sensitivity 1 micro strain
c. Accuracy 5% of the maximum anticipated strain or 10

microstrain, whichever is greater

(b) Displacement transducer

Seismic Category | Structures

(b.1)

Linear variable displacement transducers (LVDTSs) shall be
used for both vertical and horizontal displacement
measurements. Inside the suppression chamber submersible
LVDTs shall be used for measurement locations that are below
the water line.
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3.8-12

(c)

(d)

(b.2)

LVDTs shall have the following minimum characteristics:

a. Travel Range 0.5 in
b. Output 4-20 mA

c. Minimum Linearity +0.30% full scale

d. Min Repeatability +0 .015% full scale

Temperature gauge

(c.1)

Temperature devices shall be resistance type and shall be
sealed against moisture. Thermistors used in fabrication of
sister bar gauges shall have diffusivity approximately that of
steel.

Temperature sensing element shall be supplied with an
appropriate cable as defined in Subsection 3.8.6.3.2.1(4) below.
The cables shall be waterproofed and sealed as an integral part
of the assembly.

Pressure gauge

(d.1)

(d.2)

Pressure gauges used in pressure testing shall be connected
directly to the internal environment of the containment. and
measure the differential pressure between the internal and
external environments. This shall be accomplished either by
using an absolute pressure gauge inside and another absolute
gauge outside of the RCCV or by using a gauge pressure gauge
directly attached to the pressurizing pump outlet outside of the
RCCYV right after the shut-off valve. The pressure gauges shall
be voltage output (as compared to millivolt output type) with
integrated signal conditioning electronics included. The
pressure gauges shall be supplied with an appropriate cable as
defined in Subsection 3.8.6.3.2.1(4) above. The pressure gauge
cables shall be waterproofed and sealed as an integral part of

the assembly.

The pressure gauges shall have the following characteristics:

a. Range 0-200 psi
b. Accuracy + 0.25 psi

(4) Cable specifications

Instrumentation cable type and size shall be shielded 16 AWG twisted paired

for all instruments. The shield shall be either braided strands of copper (or

other metal), a non-braided spiral winding of copper tape (or other metal), or
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a layer of conducting polymer. The shield shall be applied across cable
splices. In addition, the cable shall have drain wire.

3.8.6.3.3 Fest-Aceceptanee-Griteria:Evaluation of Test Results:

Crack and strain (for Unit 3) measurements will be reviewed by the Designer for
evaluation of the overall test results. The primary containment will be considered to
have satisfied the structural integrity test if the following minimum requirements
specified in CC-6410 of ASME Section llI, Division 2 are met.

(1) Yielding of conventional reinforcement does not develop as determined from
analysis of crack width, strain, or displacement data.

(2) No visible signs of permanent damage to either the concrete structure or the
steel liner are detected. Evidence, resulting from the test, of spalling.
laminations. or voids behind the liner are pertinent considerations. Special
care shall be exercised in the post-test examinations (CC-6390) to detect
evidence of localized distress which may not be revealed by strain or
displacement data. The significance of such distress, if detected, must be
determined by the Designer and be acceptable to the Owner.

(3) Residual displacements at the point of maximum predicted radial and vertical
displacement at the completion of depressurization or up to 24 hours later
shall not exceed 30% of measured or predicted displacement at maximum
test pressure, whichever is greater, plus 0.01in. (0.25mm) plus measurement
tolerance. This criterion shall apply to the average of radial displacements
measured at the same elevation.

(4) The measured displacements at test pressure at points of predicted
maximum radial and vertical displacements do not exceed predicted values
by more than 30% plus measurement tolerance. This criterion shall apply to
the average of radial displacement measured at the same elevation. This
requirement may be waived if the residual displacements within 24 hours are
not greater than 20%.

If measurements and studies by the Designer indicate that the requirements of CC-
6410 are not met, remedial measures will be undertaken or a retest will be conducted
in accordance with CC-6430 of ASME Section Ill, Division 2.

3.8.6.3.4 Structuralntegrity-Test Report:

The results of structural integrity tests will be submitted to the Designer. The report will
meet the minimum requirements of CC-6530.

3.8.6.4 Identification of Seismic Category | Structures
The following site-specific supplement addresses COL License Information Item 3.26.
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3.8-14

A complete list of Seismic Category | Structures, Systems, and Components can be
found in Table 3.2-1, which includes the following site-specific Seismic Category |
Structures:

s Ultimate Heat Sink

m  Reactor Service Water Piping Tunnel

m Diesel Generator Fuel Oil Storage Vault

A description of these structures can be found in section 3H.6.

Seismic Category I Structures
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