Reactor Coolant System and Connected Systems

5.4.2 Steam Generators

The AP600 design has two vertical-shell, U-tube SGs. The basic function of these SGs is to
transfer heat from the primary reactor coolant through the U-shaped heat exchanger tubes to the
secondary side for steam generation. The design of the AP600 SGs, except for the
configuration of the channel head, is the same as an upgraded Model F SG with a triangular |
pitch tube bundie, called the Model Delta-75 SG. In the channel head under the SG tube sheet,
a divider plate is used to separate the inlet and outlet chambers. Two canned-motor RCPs are
directly attached to the cold leg nozzles on the outlet channel head to provide the driving force
for the reactor coolant flow. A passive residual heat removal (PRHR) nozzle is attached to the
bottom of the channel head of the Loop 1 SG on the cold leg portion of the head. This nozzle
provides recirculated flow from the PRHR heat exchanger (PRHRHX), which cools the primary
side under emergency conditions.

The SG channel head, tubesheet, and tubes are a portion of the RCPB, and are designed to
satisfy the criteria specified for Class 1 components. The tubes transfer heat to the secondary
(steam) system while retaining radioactive contaminants in the primary system.

The SGs remove heat from the RCS during power operation, anticipated transients, and under
natural circulation conditions. The SGs' heat transfer function and associated secondary water
and steam systems are not required to provide a safety-grade safe shutdown of the AP600.

Safe shutdown is achieved and maintained by the safety-related passive core cooling systems.

For the SG operation, the reactor coolant flow from the RCS hot leg enters the primary side of
inverted U-tubes, transferring heat to the secondary side during its traverse. The flow then
returns to the cold leg side of the primary chamber, exits the SG via two cold leg nozzies and the
canned RCPs, to the RV, thus completing a cycle.

If the PRHR system is activated, flow passes from the outlet of the PRHRHX, through the SG's
PRHR nozzle connection into the SG channel head. Coolant then flows through the RCPs, into
the cold legs and then into the RV.

On the secondary side, feedwater enters the SG at an elevation above the top of the U-tubes
through a feedwater nozzle. The feedwater enters a feedring via a welded thermal sleeve
connection, and leaves it through nozzies attached to the top of the feedring. This nozzle design
minimizes the potential for trapping pockets of steam that can lead to water hammer in the
feedwater piping, by discharging feedwater into the SG at an elevation above the top of the tube
bundle and below the normal water level, thus reducing the potential for vapor formation in the
feedring. After exiting the nozzles, the feedwater mixes with saturated water that has been
mechanically separated from the steam flow exiting the SG by internal moisture separators. The
combined feedwater/recirculation flow then enters the downcomer annulus between the tube
wrapper and the shell. At the bottom of the tube wrapper, the water is directed toward the center
of the tube bundie by a flow distribution baffle. The baffle arrangement is designed to minimize
low-velocity zones, which present the potential for sludge deposition. As the water passes the
tube bundie, it is converted to a steam-water mixture, which, subsequently, rises into the steam
drum section, where 18 centrifugal moisture separators remove most of the entrained water from
the steam. The steam continues to the secondary moisture separators, or dryers, for further
moisture removal, increasing its quality to a designed minimum of 89.75 percent (0.25 percent
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by weight maximum moisture). Water separated from the steam combines with entering
feedwater and recirculates through the SG. A sludge collector located amidst the six inner
primary moisture separator risers provides a benign region for sludge settling away from the
tubesheet and tube support plates. Dry steam exits the SG through the SG outlet nozzle, which
has an installed steam-flow restrictor.

The startup feedwater system (SUFS) supplies water to the SGs during startup, shutdown and
other times when the normal feedwater system is not needed or not operable. The SUFS is a
non-safety grade system that will be used as a defense-in-depth system following a reactor trip
or loss of main feedwater event. The SUFS thus provides investment protection for the plant.

During startup and shutdown operations, the SG has enough surface area and a small enough
primary-side hydraulic resistance to remove decay heat from the RCS by natural circulation
(without operation of the RCPs). '

The SG design requirements and design parameters are shown in Tables 5.4-4 and 5.4-5 of the
SSAR, respectively. The evaluation of SG thermal performance, including required heat transfer
area and steam flow, uses conservative assumptions for parameters such as primary flow rates
and heat transfer coefficients. The effective heat transfer coefficient is determined by the
physical characteristics of the AP600 SG and the fluid conditions in the primary and secondary
systems for the nominal 100 percent design case. It includes a conservative allowance for
fouling and uncertainty.

As stated above, the SG heat transfer function is not required for safe shutdown. Because the
secondary systems, such as the normal feedwater system and the SUFS are not safety-related
systems, they cannot be credited in the SG heat transfer function for mitigation of transients and
accidents in the design-basis analyses. The staff reviewed and confirmed that no credit of these
non-safety-related systems is taken in the analyses of the design-basis transients and accidents
of in Chapter 15. However, in the evaluation of non-design-basis muiltiple SG tube rupture
(MSGTR) events using realistic calculations, the heat transfer function as well as other
accident-mitigating characteristics of the SG may be considered. The MSGTR/containment
bypass issue is discussed in Section 5.4.2.2 of this report.

5.4.2.1 Steam Generator Materials

GDC 1 of Appendix A of 10 CFR Part 50 requires that SSCs important to safety shall be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed. The NRC staff reviewed the AP600 SG
materials to ensure that the relevant requirements of GDC 1 have been met as they relate to the
selection of materials for the SG to determine their adequacy to assure a quality product
commensurate with the importance of the safety function to be performed.

GDC 14 requires that the RCPB shall be designed, fabricated, erected, and tested so as to have
an extremely low probability of abnormal leakage, of rapidly propagating failure, and of gross
rupture. The staff reviewed the SG materials to ensure that they meet the relevant requirements
of GDC 14 as they relate to the design, fabrication, and testing of RCPB to achieve an extremely
low probability of abnormal leakage, rapidly propagating failure, or gross rupture.
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GDC 15 requires that the RCS and associated auxiliary, control, and protection systems shall be
designed with sufficient margin to assure that the design conditions of the RCPB are not
exceeded during any condition of normal operation, including anticipated operational
occurrences (AOQO). The staff reviewed the SG materials to ensure that they meet the relevant
requirements of GDC 15 as they relate to the provision of margins sufficient to assure that
design conditions are not exceeded during normal operation and AOO.

GDC 31 requires that the RCPB shall be designed with sufficient margin to assure that, when
stressed under operation, maintenance, testing, and postulated accident conditions, it will
behave in a nonbrittle manner and with the probability of rapidly propagating fracture minimized.
The staff reviewed the SG materials to ensure that the relevant requirements of GDC 31 have
been met as they relate to an extremely low probability of rapidly propagating fracture or gross
rupture of the RCPB.

Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants,” to 10 CFR Part 50 establishes the quality assurance requirements for the design,
construction, and operation of those systems that prevent or mitigate the consequences of
postulated accidents that could cause undue risk to the health and safety of the public. The staff
reviewed the SG materials to ensure that the requirements of Appendix B have been met as
they relate to the establishment of measures to control the cleaning of material and equipment in
accordance with work and inspection instructions, to prevent damage or deterioration.

The AP600 SG, discussed in Section 5.4.2 of the SSAR, is a verticai-shell U-tube evaporator
with integral moisture separating equipment. The construction of SG components will be in
accordance with Section Il of the ASME Code, as required by 10 CFR 50.55a(3)(ii)(b)(1). The
staff evaluated the SG materials in accordance with Section 5.4.2.1 of the SRP. The areas of
review included selection and fabrication of materials, SG design, compatibility of the SG
components with the primary and secondary coolant, and cleanup of secondary coolant.

The materials selected for the principal pressure-retaining components of the SG are listed in
Table 5.2-1 of the SSAR. These include carbon and low-alloy steels, austenitic stainless steels,
and nickel-chromium-iron alloys. Section 5.2.3 of the SSAR provides a general discussion of
RCPB materials specifications, including those for the SG materials. The primary side of the SG
is designed and fabricated to comply with the ASME Code, Section lll, Class 1 criteria while the
secondary-side pressure boundary parts are designated as Class 2. However, for the AP600,
all pressure-retaining parts of the SG, and thus both the primary and secondary pressure
boundaries, are designed to satisfy the criteria specified in Section Ili of the ASME Code for
Class 1 components. The staff's evaluation of the AP600 RCPB materials in general is located
in Section 5.2.3 of this report. That section includes discussions of aspects of fabrication,
cleaning process specifications, and the fracture toughness of the materials that are applicable
to the AP600 SG materials. :

Extensive crevices and conditions that promote dryout should be avoided in the tube-to-tube
sheet area and tube-to-tube support plate area, to prevent the buildup of potentially corrosive
material. In the AP600 SG, the portion of the SG tube that is situated within the tubesheet is
expanded hydraulically to close fully the crevice between the tube and tubesheet. The length of
the tube expansion is carefully controlled to minimize the potential for an over-expanded
condition above the tube sheet or an unexpanded tube within the tubesheet. Because the tubes
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are expanded to the full depth of insertion in the tubesheet, the crevice between the tubesheet
and the inserted tube is minimal. The positive contact pressure between the tube and the
tubesheet precludes the formation of impurity buildup in the tube-to-tube sheet crevice region
and reduces the probability of crevice boiling.

The AP600 tube support plates have a three-lobed, or trifoil, tube hole design and provide
in-plane and out-of-plane strength. The trifoil design eliminates the narrow annular gap at the
tube supports, because the support contacts the tube at only three lines on the tube
circumference, providing almost complete washing of the tube surface with SG water. The
design of the support plate also contributes to a high circulation ratio. This design provides high
sweeping velocity at the tube-to-tube support intersections and consequently reduces sludge
accumulation in the tube-to-tube support crevices.

The AP600 design utilizes all-volatile treatment (AVT) for the SG water. The AVT control
program minimizes the possibility of tube wall thinning from wastage. Successful AVT operation
requires maintenance of low concentrations of impurities in the SG water. This reduces the
potential for formation of highly concentrated solutions in low-flow zones, which is the precursor
of corrosion. The AP600 SG tubes are fabricated of thermally treated Alloy 690 and have a wall
thickness of 0.1 cm (0.040 in). Laboratory testing has shown that Alloy 690 is compatible with
the AVT environment. On the basis of the guidance in EPRI NP-6239, "PWR Secondary Water
Chemistry Guidelines,” Revision 2, dated December 1988, this approach is acceptable.
However, the staff requested in the DSER that the AP600 design meet other guidance of

EPRI NP-6239, Revision 2, and those of EPRI NP-5960 "PWR Primary Water Chemistry
Guidelines," Revision 1, dated August 1988. This was Open ltem 5.4.2.1-1. The reactor coolant
water chemistry specifications for the AP600 were subsequently provided in Table 5.2.2 of
Revision 3 of the SSAR, and the secondary-side water chemistry guidelines in Chapter 10 of the
SSAR. The information included in the SSAR indicates that the AP600 water chemistry
specifications conform with the respective guidelines provided by the two EPRI reports. In a few
instances, for example, the aluminum, calcium and magnesium control parameters for the
primary-side water, the AP600 specifications are stricter than those contained in the EPRI
reports. Thus, the staff concludes that the controls imposed on the primary and secondary
water chemistries of the AP600 are appropriate and consistent with current power plant activities
in these areas. Therefore, Open ltem 5.4.2.1-1 is closed.

The materials of construction for the primary-side components include nickel-based alloys,
stainless steels, and low-alloy steels clad with corrosion-resistant material (i.e., nickel-based
alloy or stainless steel). Numerous studies have documented the resistance of all of these
materials to general corrosion in high-temperature aqueous environments. On the basis of a
review of operational experience and test data, a conservative corrosion allowance for Alloy 630
is 0.00025 cm/year (0.01 mils/year) of operation. This indicates that, over 60 years, metal loss
as a result of corrosion of both the inside and outside surfaces of Alloy 690 tubing would be
about 1.2 mils (0.003 cm) total. The design of the AP600 SG includes a lifetime corrosion
allowance of 3 mils (0.008 cm) for the Alloy 690 tubing. Such an allowance is appropriate and
acceptable to staff. On the secondary side, the unclad carbon and low-alloy steels used for the
SG shells are exposed to the secondary environment, as are the outside surfaces of the tubes,
the tube supports and the flow distribution plate (the latter two components made of Type 405
stainless steel). Revision 0 of the SSAR did not include allowances for materials other than
Alloy 690. The staff requested that Westinghouse revise the SSAR to include the assumed
corrosion allowances for the SG's shell and support plate materials. This was Open
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ltem 5.4.2.1-2. In the revised SSAR (Revision 5), Westinghouse indicated that the allowance for
the shell is 50 mils (0.13 cm) while the stainiess steel support plates do not have an allowance.
A review of data derived from operational experience and laboratory testing indicates that, for
carbon and low-alloy steels in secondary-side applications, a corrosion allowance of .0025
cm/year (1.0 mils/year) of operation would be conservative. The overall allowance of 50 mils .
(0.13 cm) for the shell is thus reasonable and acceptable. With respect to the support plates,
test data have indicated that the corrosion rates of the martensitic stainless steels will be less
than 0.1 mil/lyear (0.00025 cm/yr), leading to a metal loss of 6 mils (0.015 cm) or less over a
60-year period. Such a loss would be insignificant compared with the thickness of the support
plates, and the decision not to include a corrosion allowance is, therefore, acceptable. On these
bases, the staff concludes that the actions taken in the design of the AP600 SG to account for
corrosion-induced metal loss are acceptable. Therefore, Open Item 5.4.2.1-2 is closed.

The components of the AP600 SG will be designed to the rules of the ASME Code and should
address the potential influence of environmental effects on the fatigue life of materials over the
60 year design life. A special Steering Committee for Cyclic Life and Environmental Effects in
Nuclear Applications of the Pressure Vessel Research Council (PVRC) reviewed the issue of
environmental effects on fatigue. These activities were initiated by requests from the ASME
Code Committee and the Board on Nuclear Codes and Standards (BNCS). The charter of the
PVRC Steering Committee is to provide guidance and direction related to determining the effects
of light water-reactor (LWR) service environments on the cyclic life properties of applicable
materials. The Steering Committee also evaluated application methodologies that include these
effects in the fatigue-analysis process. Preliminary recommendations were provided to the
BNCS in September 1992. The initial findings reported to BNCS were that the current serial
number (S/N) curves should be appropriate for PWR environments. However, there is not
complete agreement on this position among the Code members. Westinghouse will continue to
monitor the industry activities on the fatigue curve and fatigue-analysis methodology. The
AP600 components are designed to the ASME Code requirements. The staff's evaluation of this
issue is discussed in Sections 3.9.3.1 and 3.12.5.7 of this report.

The AP600 SG is designed to permit inspection of pressure boundary parts, including individual
tubes. Preservice inspection of the AP600 SGs is performed in accordance with the ASME
Code. To meet the ISI requirements of 10 CFR 50.55a of 10 CFR Part 50, the design includes a
number of openings to provide access to both primary and secondary sides of the SG. These
openings include the following:

. four 53.34 cm (21 in) diameter manways, one for access to each chamber of the reactor
coolant channel head, and two in the steam drum for inspection and maintenance of the
upper shell internals

. six 15.24 cm (6 in) diameter handholes in the shell, four located just above the tubesheet
secondary surface, and two located just above the flow distribution baffle

. two 10.16 cm (4 in) diameter inspection openings at each end of the row 1 tubes

Additional access to the tube bundle U-bend is provided through the internal deck plate at the
bottom of the primary separators.
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The AP600 SG design permits access to tubes for inspection, repair, or plugging, if necessary,
per the guidance described in RG 1.83, "ISI| of Pressurized Water Reactor Steam Generator
Tubes." The AP600 SG also includes features to enhance robotics inspection of the SG tubes
without manned entry of the channel head. These include a cylindrical section of the channel
head, primary manways, and provisions to facilitate the remote installation of nozzle dams. The
tube location for a large fraction of the tubes is scribed on the tubesheet, to facilitate tube
identification for manual activities. The SG tube integrity is verified in accordance with the SG
surveillance program, which is the responsibility of the COL applicant. This is COL Action

ltem 5.4.2.1-1 and is addressed in SSAR Section 5.4.15 and Technical Specification
administrative control 5.5.5.

Operating experience indicates that SGs might have to be replaced during the plant lifetime.
The SSAR states that the AP600 design facilitates SG replacement. The staff requested that
Westinghouse describe its procedures for removing and replacing AP600 SGs. This was Open
Item 5.4.2.1-3. Westinghouse responded that full procedures had not yet been developed for
the replacement of SGs in the AP600 and they did not consider that inclusion of such detail in
the SSAR was a requirement for design certification. They emphasized that consideration of SG
removal and replacement was an integral part of the design, and such operations were feasible.
The equipment hatch is sized to permit one-piece removal of the SG, and the crane rail girder
and the polar crane bridge are designed to permit SG replacement. The design of the
containment internal structures and the path through the annex building include consideration of
the loads associated with the transport of a SG during its removal and replacement. The staff
concludes that consideration of the potential needs associated with SG removal and
replacement operations have been adequately addressed in the design of the AP600. The staff
further notes that inclusion of detailed procedures for these operations in the SSAR is not
essential for design certification. Therefore, Open Item 5.4.2.1-3 is closed.

The staff concludes that the SG materials specified in the SSAR are acceptable and meet the
requirements of GDCs 1, 14, 15, and 31, and Appendix B to 10 CFR Part 50. The staff's
conclusion is on the basis of the following:

. The applicant has met the requirements of GDC 1 with respect to codes and standards
by ensuring that the materials selected for use in Class 1 and Class 2 components will
be fabricated and inspected in conformance with Section Ili of the ASME Code 1.
Welding qualification, fabrication, and inspection during manufacture and assembly of
the SG will be done in conformance with the requirements of Section IX of the
ASME Code.

. The requirements of GDCs 14 and 15 have been met to ensure that the reactor coolant
boundary and associated auxiliary systems will be designed, fabricated, erected, and
tested so as to have an extremely low probability of abnormal leakage, of rapid failure,
and of gross rupture during normal operation and anticipated operational occurrences.

. The primary side of the SG is designed and fabricated to comply with the Class 1 criteria
of Section lll of the ASME Code, as required by the staff. The secondary side is
specified as Class 2 but, for the AP600, the secondary pressure boundary parts of the
SG are designed to satisfy the Class 1 criteria of Section Il of the ASME Code.
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. The requirements of GDC 31 have been met with respect to the fracture toughness of
the ferritic materials because the pressure boundary materials of the ASME Class 1
components of the SG comply with the fracture toughness requirements and tests of
Article NB-2300 of Section lIl.

. The requirements of Appendix B of 10 CFR Part 50 have been met because the SG
construction is subject to a quality assurance program. The pressure boundary
components meet requirements established by the ASME Code and ANSI/ASME NQA-1
and NQA-2. The controls placed on the secondary coolant chemistry are in agreement
with staff technical positions.

. Reasonable assurance of the satisfactory performance of SG tubing and other generator
materials is provided by the following:

- the design provisions and the manufacturing requirements of the ASME Code
- rigorous secondary water monitoring and control

The controls described above, combined with conformance with applicable codes, standards,
staff positions, and RGs, constitute an acceptable basis for meeting, in part, the requirements of
GDCs 1, 14, 15, and 31, and Appendix B to 10 CFR Part 50.

5.4.2.2 Containment Bypass Resulting From Steam Generator Tube Rupture

In SECY-93-087, the staff identifies a containment performance issue where rupture of one or
more SG tubes could lead to actuation of the SG safety relief valves, thereby creating the
potential for a stuck open safety relief valve, and unisolable LOCA, with discharge of primary
system radioactive inventory outside the containment. SECY-93-087 specifies that applicants
for design certification for passive or evolutionary PWRs assess design features to mitigate
containment bypass leakage during steam generator tube rupture (SGTR) events. The staff
also recommends certain design features for consideration that could mitigate the release
associated with an SGTR:

D) a highly reliable (closed loop) SG shell-side heat removal system that relies on natural
circulation and stored water sources

(2) a system that returns some of the discharge from the SG relief valve back to the primary
containment :

3) increased pressure capacity on the SG shell side with a corresponding increase in the
safety valve setpoints

Appendix 1B of the SSAR provides a risk-reduction evaluation of severe accident mitigation
design alternatives (SAMDA) for the AP600 design. A total of fifteen design alternatives were
selected for evaluation, including the three design features mentioned above. Each design
alternative is evaluated to determine whether its safety benefit from risk reduction outweighs the
costs of incorporating it in the plant. The results showed that total risk averted by each of these
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design features ranges from 4.2E-04 to 5.3E-04 man-rem per year, and therefore these
SAMDAs are not cost effective.

In response to a staff RAI 440-110, Westinghouse stated that the AP600 has features that
reduce the chance of containment bypass following a SGTR, and that those features include the
multiple levels of defense described in WCAP-13793, "AP600 Systems/Event Operation Matrix."
WCAP-13793 provides a qualitative description of the multiple levels of defense available in the
APB600 design. These multiple levels of defense include actuation of many safety- and
non-safety-related systems. Equipment combinations noted by the applicant inciude the
following:

. automatic actuation of the non-safety-related RCS makeup chemical and CVS and SUFS
in conjunction with manual isolation of the faulted SG to reduce the RCS pressure

. automatic actuation of the core makeup tanks (CMTs), PRHRHX, and passive
containment cooling system (PCS)

. automatic actuation of the CMTs, ADS, in conjunction with manual actuation of the RNS
. automatic actuation of the CMTs, ADS, IRWST, accumulator, and PCS

In the DSER, the staff identified Open Item 5.4.2.2-1, stating that the staff's review of the
containment bypass resulting from SGTR was not yet complete. This open item now closed
because the staff has completed its evaluation, as discussed below.

By letter dated November 11, 1997 (NSD-NRC-97-5431), Westinghouse submitted topical report
WCAP-14991, "AP600 WCAP Multiple Steam Generator Tube Rupture Analysis Report,” which
provides an evaluation of the AP600 plant response to the rupture of multiple SG tubes
performed with best-estimate MAAP4 analyses. The staff's evaluation regarding the
containment bypass/SGTR issue is discussed below.

5.4.2.2.1 AP600 SGTR Mitigation Design Features

The AP600 design incorporates several automatic protective actions and passive core cooling
systems (PXS) for mitigation of the consequences of an SGTR. The automatic protective
actions include reactor trip, actuation of the PXS, trip of the RCPs, termination of pressurizer
heater operation, and isolation of the CVS flow and the SUFS flow. These protective actions
result in automatic cooldown and depressurization of the RCS, termination of the break flow,
stabilization of the RCS, prevention of SG overfill, and termination of release of steam to the
atmosphere to minimize offsite radiation. The operator may also take actions in accordance with
the emergency response guidelines for mitigation and recovery of an SGTR.

The PXS for cooling and makeup of the RCS include the CMTs to provide high pressure RCS
recirculation and safety injection, the conventional accumulators, the PRHRHX to transfer decay
heat in the RCS to the IRWST, and the ADS to depressurize the primary system to allow for
low-pressure gravity injection from the IRWST and the containment recirculation. The CMTs
automatically actuate on a safeguards signal or low pressurizer level. The PRHRHX
automatically actuates on the CMT actuation signal, high pressurizer pressure, or low SG level.
The ADS has four stages that actuate in sequence, with the first stage actuating on the
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predetermined CMT Low-1 level, the second and third stages actuating sequentially after preset
time delays, and the fourth stage subsequently actuating on the CMT Low-2 level. The IRWST
actuates upon the actuation of the fourth stage ADS.

On the secondary side, a power-operated relief valve (PORV) is installed on the outlet piping
from each SG to provide a means for plant cooldown by discharging steam to the atmosphere
when the turbine bypass system is not available. The PORV automatically opens to release
steam when the steamline pressure exceeds its predetermined set pressure, which is below the
main steam safety valve (MSSV) set pressures; and will close and reseat at a pressure at least
10 psi below the opening setpoint as the steam pressure decreases. A block valve, upstream of
the PORYV, with a safety-related operator closes automatically on low steamline pressure to
terminate steam release in the event of a PORV that is stuck open. In addition, the SG overfill
protective actions automatically trip the CVS and the SUFS flow on high SG water level to
prevent SG overfill.

These passive systems and automatic protective acﬁons provide a unique plant response to
SGTR events. In addition, non-safety-related pumped injection sources are also available to the
operator for mitigation of a SGTR accident as defense-in-depth.

In a scenario of a SGTR without operator actions, continued loss of RCS inventory to the SG
secondary side through the ruptured tubes leads to a reactor trip on a low pressurizer pressure
or overtemperature delta-T signal, and also causes the turbine trip. The CVS injection also
actuates on low pressurizer pressure or level to provide non-safety-related coolant makeup to
the RCS. A safeguards signal initiated on a low pressurizer pressure or level signal actuates the
CMTs as well as the PRHRHX. The CMTs inject water in recirculation mode to exchange cold
borated water for hot RCS water, thus providing heat removal and coolant inventory makeup for
shrinkage in the RCS. The PRHRHX removes decay heat and reduces the RCS pressure below
the pressure of the secondary system, and thus shuts off the break flow to the faulted SG. The
heat is removed from the primary system using the PRHRHX instead of the intact SG. Because
the CMTs do not drain during the recirculation injection mode, the CMT level remains above the
ADS first stage actuation setpoint, and the ADS is not actuated.

On the secondary side, the turbine trip causes the opening of the turbine bypass valve (TBV).
The steam pressure does not reach the main steam isolation setpoints of low steamline
pressure or high pressure decrease rate, and the main steam isolation valve (MSIV) remains
open with the steam release through the TBV. Eventually, the MSIV is closed on the low cold
leg temperature. As the SG water level increases, the protective system will trip the CVS and
the SUFS flow to prevent overfilling of the SG. When the steam pressure reaches the setpoint
of the PORYV, the PORV opens to release steam, and closes as the pressure decreases. As the
primary system cools down and the pressure decreases to match the secondary pressure, the
break flow decreases and eventually terminates.

In the event that the PORYV fails to open, the steam pressure will increase further and eventually
open the MSSVs to release steam into the atmosphere, and then reseat as the pressure
decreases. The scenario is similar to the opening of the PORV except for the MSSV opens at a
higher pressure setpoint.
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In the unlikely event of a stuck open MSSV, continued RCS leakage through the ruptured tubes
will result in the draining of the CMT, the ADS will automatically open on the CMT low level
actuation setpoint to rapidly depressurize the RCS so that the IRWST can provide a gravity
injection to flood the core.

5.4.2.2.2 MSGTR Analysis

In Section 15.6.3 of the SSAR, Westinghouse provides the design-basis analysis for a single
SGTR. The design-basis analysis assumed no operator actions, and assumed a PORYV fails to
reseat after it opens with continued release through the PORYV until the block valve closure at
low steamline pressure. The results showed no fuel failure, no SG overfilling, and the resulting
offsite radiological doses are within the dose acceptance limits.

In WCAP-14991, Westinghouse provided an evaluation for the beyond design-basis events of a
multiple-tube rupture of up to five tubes. The evaluation’s intent was to demonstrate the
capability of the safety systems and automatic actions for mitigation of the multiple-tube rupture
events. No operator actions were modeled in the analysis. The analysis was performed for
various cases ranging from a one- to five-tube rupture using the MAAP4 accident analysis code
to model the thermal-hydraulic response of the AP600 design. Base cases with the
best-estimate PRHR heat exchanger heat removal and the secondary PORV operation were
analyzed for ruptures of one through five tubes to bound the range of break flow. In addition,
sensitivity analyses were performed on the five-tube rupture case to examine the effects of
increased and decreased PRHR heat exchanger capacity, operation of CVS, break elevation
uncertainty, and the failure of the PORV to open. A case with no passive systems was
performed to show the adequacy of the active systems and the time available before the need
for operator action to cool down the RCS. An analysis assuming the opening and stuck-open of
the MSSV was performed to demonstrate that the plant response will not uncover the core.

Analysis MAAP4 Model and Assumptions

The analyses assume that the tube rupture occurs at 100- percent power, and all the passive
safety systems are available. The MAAP4 code only models the secondary system to the MSIV.
The code does not couple the secondary system in the two SGs with the steam header. The
MAAP4 modeling assumes the MSIV closes at the time of turbine trip in the analysis. Therefore,
the steam flow through the turbine bypass valve to the condenser is not modeled. This is a
conservative assumption as it results in earlier pressurization of secondary side. Other
assumptions in the analysis include (1) the CMT injection and RCP trip occurs because of low-2
pressurizer level and (2) the reactor trip and turbine trip occur as a result of the CMT injection
signal.

MAAP4 Benchmark

MAAP4 is a fast-running thermal-hydraulic computer code designed for severe accident
analyses, and chosen by the applicant for the AP600 probabilistic risk assessment (PRA)
evaluation, as well as the evaluation of MSGTR. WCAP-14869, "MAAP4/NOTRUMP
Benchmarking to Support the Use of MAAP4 for the AP600 PRA Success Criteria Analyses,"”
documents the MAAP4/NOTRUMP benchmark exercises comparing the MAAP4 results with the
NOTRUMP analysis results as a part of AP600 PRA evaluation. NOTRUMP is a detailed
thermal-hydraulic code, which has been validated and approved for the AP600 design-basis
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analysis of small break LOCAs. The MAAP4 benchmarking against NOTRUMP provides a
basis for the MAAP4 PRA success analyses. To assure appropriateness of using MAAP4 for
the MSGTR evaluation, the staff also evaluated whether MAAP4 has proper models and
benchmarking for modeling the important systems and phenomena in the MSGTR progression.

In response to RAI 440.676 (NSD-NRC-97-5393, dated October 22, 1997) regarding the
appropriateness of MAAP4 evaluation of MSGTR events, the applicant provided a list of
important phenomena in a SGTR event progression from the LOFTTR2 phenomena
identification and ranking table (PIRT), and a comparison to the PRA PIRT from the
MAAP4/NOTRUMP benchmark study. The LOFTTR2 code has been approved for the AP600
design basis analysis of a single steam generator tube rupture event. The phenomena on the
LOFTTR2 PIRT, which ranks the SGTR phenomena as high, medium, and low importance, are
applicable to the MSGTR sequences that do not involve stuck-open steam generator safety
valves, thereby not voiding the RCS or actuating the ADS. The PRA PIRT breaks the small
break LOCA sequence into four timeframes (i.e., blowdown, natural circulation, ADS blowdown,
and IRWST gravity drain), and ranks the phenomena within each timeframe. Only the
phenomena in the blowdown and natural circulation timeframes are of interest to this
comparison to LOFTTR2. The phenomena that occur in the RCS for a small break LOCA during
the blowdown and the natural circulation phases of the accident are similar to those that occur
during the SGTR event. Therefore, the MAAP4/NOTRUMP benchmark is applicable for
demonstrating the capability of MAAP4 for modeling the RCS response during SGTR, as well.

For the MSGTR event that results in a stuck-open MSSV, the event progression is essentially a
small break LOCA that goes through all four timeframes in the PRA PIRT. With the safety valve
stuck open, the faulted SG secondary system is depressurized and filled with water. The RCS
voids, the CMTs drain, the ADS actuates, and the IRWST water provides long-term cooling. The
behavior on the secondary side of the faulted SG is governed by the stuck open safety valve,
and the SG acts as a break flow resistance before ADS actuation. The MAAP4/NOTRUMP
benchmark demonstrates that MAAP4 is capable of adequately modeling this sequence.

Among the important phenomena relevant to the MSGTR without a stuck-open MSSV, the break
critical flow, core decay heat, the CMT recirculation, and the balance line pressure drop models,
and the reactor trip timing have been verified by the MAAP4/NOTRUMP benchmark exercises.
The PRHRHX flow and heat transfer was not modeled in the PRA success case. The MAAP4
code models the PRHRHX using the same boiling pool heat transfer model employed for heat
transfer from the RCS to the SG during natural circulation, and uses an input correction factor to
account for modeling uncertainties. This PRHRHX model is benchmarked against independent
design calculations for the maximum, minimum, and best-estimate single-phase water natural
circulation heat removal within the range of water temperatures expected in the MSGTR cases.
The results of this benchmark, presented in Figures 2-1 through 2-3 in WCAP-14991, show
good agreement with the trends and magnitude of heat removal. The sensitivity analyses show
that uncertainty in the modeling does not affect the result of the MSGTR analyses.

The LOFTTR2 PIRT ranks the IRWST transient response to be of importance. This is not
modeled in the PRA success cases which do not credit the PRHRHX operation. In the MAAP4
MSGTR analysis where the PRHRHX is an important heat removal mechanism, conservative
value of the initial temperature of the IRWST water is used.
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The steam generator secondary system SGTR modeling is not considered in the
MAAP4/NOTRUMP benchmark for the PRA success analysis. The MAAP4 one-node SG
modeling includes reasonable models for the secondary system conditions important to the
SGTR modeling, especially the secondary system pressure, level and safety/relief valve critical
flow calculations. The thermal-hydraulic modeling of the secondary side of the SGs, including
the mass and energy balance, thermodynamic conditions and heat transfer from the primary to
the secondary system, is described in the MAAP4 user's manual. The secondary system
pressure determines the break flow back pressure and the safety/relief valve opening. The SG
void fraction is calculated and the water level is tracked via a user input table of level as a
function of volume. These parameters determine the timing of the CVS and SUFS isolation and
the quality of the relief flow. The safety and relief valve open flow areas are calculated on the
basis of the input parameters for the flow rate of the system at the opening pressure setpoint.

Although the MAAP4 code has not been evaluated as rigorously as that for a design-basis
analysis code, for the reasons set forth above the staff believes that MAAP4 provides a
reasonable analysis tool for the beyond design-basis analysis of MSGTR.

Analysis Results

The results of the analyses can be summarized below for cases ranging from rupture of one to
five tubes, sensitivities in the break elevation, PRHRHX performance, failure of the PORV to.
open, operation of the CVS injection, and the stuck-open MSSV:

(1) As a result of a tube rupture, the secondary pressure increases so that the PORV opens
to release the steam into the atmosphere. The MSSVs remain intact as the steam
pressure never reaches the MSSV setpoints. The PORV reseats as the steam pressure
decreases. The RCS pressure decreases as the decay heat decreases below the heat
removal capability of the PRHRHX. The break flow decreases and eventually ceases
when the RCS pressure matches the secondary pressures.

(2) In the case where the PORYV fails to open, the steam pressure continues to increase until
the MSSV with the lowest setpoint opens to release steam into the atmosphere. The
- MSSV closes as the steam pressure decreases similar to the cases with the PORV.
Because of the automatic SG overfill protection, which trips the CVS and SFW flow, the
SG is not overfilled and only steam is released through the MSSV.

3) Throughout the events, the core makeup tanks inject water in the recirculation mode,
exchanging cold borated water for the hot reactor coolant. The CMTs do not drain, and
therefore, the ADS does not actuate.

4) In the case that assumes the MSSV fails to reseat after it is actuated, the SGTR scenario
turns into a small break LOCA. Continued loss of coolant through the ruptured tubes and
the stuck-open MSSV eventually leads to the voiding of the RCS, the draining of the
CMT, and the actuation of ADS. The RCS is rapidly depressurized, which results in the
actuation of the IRWST and eventual containment recirculation. The core remains
covered and cooled. The maximum total release would be limited to the initial activity in
the RCS.
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5.4.2.2.3 Conclusion

The AP600 design has unique features for mitigation of the SGTR. The analysis indicates that
the PORV will automatically open to release steam and reseat within a very short time. -
Throughout the accident, the core remains covered without voiding, and the SG is not overfilled.
The applicant indicates that the probability of the PORYV failure to open is in the order of 1E-03.

If the PORYV fails to open, the MSSV will open and close within a short time. Because of the
automatic overfill protection, the SG is not overfilled, and the MSSV will release steam only. The
applicant indicates that the failure of the MSSV to reseat when releasing steam is on the order
of 1E-03. In the extremely unlikely event of failure of the PORV to open coincident with failure of
the MSSV to reseat, an unisolable small-break LOCA scenario occurs with release to the
atmosphere. In this event, continued steam release and loss of reactor coolant through the
ruptured tubes will result in draining of the CMTs. The ADS will be actuated as the CMT level
falls below the ADS actuation setpoint. Rapid depressurization of the RCS eventually results in
the gravity injection from the IRWST, as well as the containment recirculation as the IRWST
empties. Eventually, the break flow through the ruptured tubes stops. The analysis indicates
that, throughout the entire accident, the core remains covered and cooled without core damage.

The staff concludes that there is reasonable assurance that the unique design features of the
AP600 are capable of mitigating the consequences of a multiple tube rupture as specified by
SECY-93-087. In the extremely unlikely event of PORYV failure to open coincident with a stuck-
open MSSV, no core damage will occur, and the total release to the atmosphere would be
limited to the initial activity of the RCS. The staff concludes that there is reasonable assurance
that the containment bypass as a result of multiple tube rupture poses no undue threat to the
public health and safety, and the AP600 design satisfies SECY-93-087.

5.4.3 RCS Piping

The RCS piping includes those sections of RCS hot leg and cold leg piping interconnecting the
RV, SGs, and RCPs. It also includes piping connected to the reactor coolant loop piping and
primary components. The RCS piping accommodates the system pressures and temperatures
attained under all expected modes of plant operation or anticipated system interactions. The
piping in the AP600 RCS is equipment Class A and fabricated according to ASME Code,
Section I, Class 1 requirements, consistent with the requirements of 10 CFR 50.55a(c)(1).
Lines with a 0.97 cm (3/8-inch) or less flow-restricting orifice qualify as AP600 equipment
Class B and are designed and fabricated with ASME Code, Section ill, Class 2 requirements.
Because the AP600 CVS provides sufficient makeup of the reactor coolant in the event of a
failure of a small line of 0.97 cm (3/8 inch) or less, Class B classification of small piping
exempted from ASME Code, Section lll, Class 1 requirements in accordance with the exception
permitted in accordance with 10 CFR 50.55a(c)(2)(i).

In Section 5.4.3.2.1 of the SSAR, Westinghouse provides a list of the piping connected to the
RCS. The detailed RCS P&ID is shown in Figure 5.1-5 of the SSAR. It includes the pressurizer
surge, spray, and auxiliary spray lines; pressurizer safety valves; the ADS with the first three
stages connected to the pressurizer and the fourth stage connected to the hot legs; the reactor
system head vent line; the accumulator lines; the core makeup tank cold leg balance lines and
injection lines; the PRHRHX system; the IRWST injection lines; the RNS pump suction line and
discharge line; the CVS purification return lines to the SG channel head and the pressurizer
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spray; the CVS purification intake line from one RCS cold leg; and the drain, sample, and
instrumentation lines. The RCS pressure boundary of these connecting lines start from their
respective connections to the RCS and end at the second normally-closed isolation valves or
check valves in the respective lines, or the code safety valves, as defined in 10 CFR 50.2. All
the RCS-connecting piping that constitutes the RCPB is designed to meet the ASME Code
Section lil requirements (with one exception discussed below), and is acceptabie.

One exception to meeting the ASME Code Section Ill requirements is in the CVS. As discussed
in Section 3.9.6 of the SSAR, the safety-related classification of the CVS ends at the third
isolation valve in the purification loop intake line. The remainder of the purification subsystem of
the CVS downstream of the third isolation valve inside containment consists of non-safety, QG D
components. Because the CVS purification intake line contains three isolation valves
(CVS-PL-V001, -V002, -V003) that are maintained open during normal operation, the RCPB
extends to the containment isolation valves of the CVS. However, because the portion of the
CVS downstream of the three isolation valves can be isolated from the RCS, this portion need
not be designed to ASME Class 1 in accordance with the exception criterion of

10 CFR 50.55a(c)(2)(ii). Regulatory Position C of RG 1.26 specifies the portion of RCPB that
meets the exception criteria of 10 CFR 50.55a(c)(2) consist of safety-related quality Group B

or C components. However, Section 5.2.1.3 of the SSAR describes many design
enhancements that have been added to the Class D portion of the CVS, such as use of three
isolation valves of Class 1 design in the purification loop intake line, and seismic design of piping
in the Class D portion. These design enhancements result in an alternate design that provides
an acceptable level of quality and safety. As discussed in Section 5.2.1 of this report, the staff
evaluation has found this alternative design to be acceptable.

To minimize the potential for thermal stratification that could increase cyclic stresses and fatigue
usage, the pressurizer surge line is specifically designed with various degrees of continuous
slope up from the hot leg connection to the pressurizer, as shown in Figure 5.4-4 of the SSAR.
The surge line is also instrumented with strap-on resistance temperature detectors at three
locations, one on the vertical section of pipe directly under the pressurizer and the other two on
the top and bottom of the pipe at the same diameter on a more horizontal section of pipe near
the pressurizer, to monitor the temperature for indication of thermal stratification.

In Table 5.4.7 of the SSAR, Westinghouse lists the principal design data of the RCS piping, such
as pipe sizes, thickness, and design pressure and temperature of the major RCS loop piping,
pressurizer surge line, and other reactor coolant branch lines. All of the RCS piping and branch
lines have a design pressure of 17.24 MPa (2485 psig). The loading combinations, stress limits,
and analytical methods for the structural evaluation of the RCS piping and supports for design
conditions, normal conditions, anticipated transients, and postulated accident conditions are
discussed in SSAR Section 3.9.3. The RCS piping construction is subject to a quality assurance
program with the required testing specified in SSAR Table 5.4-8, and meeting requirements
established by the ASME Code. The staff finds the RCS piping design to be acceptable.

The consequences of the RCS piping breaks, including postulated cold leg double-ended
guillotine breaks, are analyzed in Section 15.6 of the SSAR to demonstrate their compliance
with the respective acceptance criteria. For those low-pressure systems and components
outside the containment with connections directly or indirectly to the RCS, the staff requires that
those low-pressure portions be designed with the ultimate rupture strength at least equal to the
full RCS operating pressure. This is addressed in generic safety issue GSI 105, "Interfacing
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System LOCA for LWR," in Chapter 20 of this report The staff finds the design of the low-
pressure piping to be acceptable.

5.4.4 Main Steamline Flow Restriction

Each SG contains a flow restrictor in its steam outlet nozzle. The flow restrictor consists of
seven venturi inserts welded to the SG outlet nozzle forging. The inserts are arranged with one
venturi at the centerline of the outlet nozzle, with the other six equally spaced around it. The
steamline flow restrictor limits the steam flow rate from the secondary system to the choked flow
of the venturi in the unlikely event of a break in the main steamline. This flow restriction is
needed to perform the following functions:

. limit rapid rise in containment pressure

. limit the reactor cooldown rate within acceptable limits

. reduce thrust forces on the main steamline piping

. limit pressure differentials on internal SG components, particularly the SG tube support
plates

The steamline flow restrictor is configured to minimize the unrecovered pressure loss across the
restrictor during normal operation. The design data of the flow restrictors are specified in SSAR
Table 10.3.2-1. The throat size of each venturi is 0.0186 m? (0.2 ft? ). With seven venturis in a
flow restrictor, the equivalent throat area of the SG outlet is 0.13 n¥ (1.4 ft>) . The resultant
pressure drop through the restrictor at 100-percent steam design flow rate of 1.91 million kg/hr
(4.2E+06 Ibm/hr) is approximately 30.6 kPa (4.44 psi).

In the DSER, the staff identified Open Item 5.4.4-1, stating that Westinghouse should confirm
that the SG steamline flow restrictor will limit the steamline break flow to no more than the
design-basis steam flow, and should also confirm that the maximum SG steam flow rate (or a
conservatively selected higher rate) is used in the Chapter 15 design-basis analysis for the main
steamline break event. Open Item 5.4.4-1 is closed because the staff has reviewed the safety
analysis of the design-basis event of steam system piping failure described in Section 15.1.5 of
the SSAR. To limit the maximum steam flow for a break at any location, the analysis uses an
effective nozzle flow area of 0.13 m? (1.4 ft?) of the main steamline flow restrictors for each SG,
which is considerably less than the main steam piping area. Also, Item 8(b)(ii) in ITAAC

Table 2.2.4-4 of the AP600 Certified Design Material requires a verification that the installed
flow-limiting orifice within the SG main steamline discharge nozzle does not exceed 0.13 m?
(1.4 ft?). This is acceptable to the staff.

5.4.5 Pressurizer

The pressurizer is a vertical, cylindrical vessel having hemispherical top and bottom heads, and
containing saturated water and vapor. The pressurizer is connected from its bottom to one of
the RCS hot legs through a surge line, which allows continuous coolant volume and pressure
adjustments between the RCS and the pressurizer. The pressurizer, with the liquid and vapor
maintained in equilibrium under saturated conditions, controls the RCS pressure during
steady-state operations and transients. Major components of the pressurizer include the
pressurizer spray system, electrical heaters, code safety valves, ADS valves, and the surge line.
The pressurizer is the principal component of the RCS pressure control equipment. It also
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accommodates changes in RCS liquid volume, and limits the changes in RCS pressure as a
result of reactor coolant temperature changes during all modes of plant operation. The
pressurizer also serves as a convenient source of reactor coolant makeup for minor RCS
leakage, and is the initial source of water to keep the RCS full in the event of a smail-break
LOCA in the RCS piping.

During steady-state operation at 100-percent power, approximately 60 percent of the pressurizer
volume is water and 40 percent is steam. Electric immersion heaters in the bottom of the vessel
keep the pressurizer contents at saturation temperature. A small continuous spray flow is
provided through a manual bypass valve around each power-operated spray vaive to minimize
the boron concentration difference between the liquid in the pressurizer and the reactor coolant.
During transient events, pressure increases, caused by insurge of reactor coolant, are mitigated
by the pressurizer spray such that the high pressurizer pressure reactor trip setpoint is not
reached. Conversely, during pressure decreases, caused by outsurges of reactor coolant,
water-to-steam flashing and automatic heater operation keep the RCS pressure above the low
pressurizer pressure reactor trip setpoint. The heaters are also energized on the high water
level during insurge to heat the subcooled surge water entering the pressurizer from the reactor
coolant loop. In "AP600 Design Change Description Report," dated February 1994,
Westinghouse described a design change made to the heater control logic so that the power to
the pressurizer heaters are automatically blocked upon actuation of passive injection to the '
RCS. In the DSER, the staff identified Open ltem 5.4.5-1, stating that Westinghouse shouid

* revise the SSAR to reflect this design change. ‘Open Item 5.4.5-1 is closed as this design
feature is described in the SSAR. Section 7.3.1.2.3 of the SSAR describes the signals that
actuate the CMT injection. Each of these CMT actuation signals, except for the high pressurizer
water level signali, initiates a block of the pressurizer heaters. This function prevents the heaters
from attempting to repressurize the RCS during passive safety injection and, therefore, reduces
the potential for SG overfill for a SGTR event. This pressurizer heater trip function is credited as
a backup protection in the design-basis analyses of a loss of feedwater event, and a SGTR
event described in Sections 15.2.7 and 15.6.3, respectively, of the SSAR. In accordance with
the technical specification screen criteria specified in 10 CFR 50.36, the pressurizer heater trip
function is specified in TS Table 3.3.2-1, Engineered Safeguards Actuation System
Instrumentation, and subject to LCO 3.3.2 and associated surveillance requirements.

The pressurizer safety valves provide overpressure protection of the RCS. This is discussed in
Section 5.2.2 of this report. In addition, the pressurizer provides for high point venting of
noncondensible gases from the RCS by remote manual operation of the first-stage ADS valves
to vent the gas accumulated in the pressurizer following an accident. This is discussed in
Section 5.4.12 of this report.

The AP600 pressurizer has an internal volume of 45.3 n? (1600 ft), which is approximately

60 percent more volume than the pressurizers for current PWRs of similar thermal power level.
This increased pressurizer volume provides plant operating flexibility, minimizes challenges to
the safety/relief valves, and allows for the removal of PORVs from the AP600 RCS design.
Section 5.4.5 of the SSAR provides the design bases on the sizing of the AP600 pressurizer to
meet the following conditions without the need for a PORV:

. The combined saturated water volume and steam expansion volume is sufficient to
provide the desired pressure response to system volume changes.
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. The water volume is sufficient to prevent (1) a reactor-trip during a step-load increase of
10 percent of full power, with automatic reactor control, and (2) uncovering the heaters
following reactor trip and turbine trip, with normal operation of control systems and no
failures of nuclear steam supply systems.

. The steam volume is large enough to (1) accommodate the surge resulting from a step
load reduction from 100-percent power to house loads without reactor trip, assuming
normal operation of control systems, and (2) prevent water relief through the safety
valves following a complete loss of load with the high-water level initiating a reactor trip,
without steam dump.

. A low pressurizer pressure safeguard actuation ("S") signal will.not be activated because
of a reactor trip and turbine trip, assuming normal operation of control and makeup
systems and no failures of the nuclear steam supply systems.

The pressurizer performance during anticipated operational occurrences and postulated
accidents is reviewed as part of the design-basis accident analysis review discussed in .
Chapter 15 of this report. The results of the analyses demonstrate that with the AP600
pressurizer design, the DNBR limit is met for all anticipated operational occurrences, the RCS
pressure is within 110 percent of the RCS design pressure for the pressurization events, and the
acceptance criteria of 10 CFR 50.46 are met for LOCAs. The staff finds the pressurizer design
to be acceptable.

5.4.6 Automatic Depressurization System Valves

The ADS valves are part of the RCS and interface with the PXS. The ADS is divided into two
groups and four depressurization stages, with a total of 20 valves. These stages connect to the
RCS at different locations. The first, second, and third stage valves are included as part of the
pressurizer safety and relief valve (PSARV) module, which is connected to nozzles on top of the
pressurizer. The two groups are on different elevations separated by a steel plate. The first
stage ADS valves in each group are two motor-operated 10.2-cm (4-in.) valves in series. The
second and third stage ADS valves each have two motor-operated 20.3-cm (8-in.) valves in
series. The fourth stage ADS valves are 25.4-cm (10-in.) squib valves arranged in series with
normally open, dc-powered, motor-operated valves. The outlets of the first three stages in each
group are combined into a common discharge line to the IRWST. This discharge line has a
vacuum breaker to help prevent water hammer following ADS operation by limiting the pressure
reduction caused by steam condensation in the discharge line, and thus limiting the potential for
liquid backflow from the IRWST. The fourth stage ADS valves connect to the RCS hot legs, and.
are interlocked so that they cannot be opened until RCS pressure has been substantially
reduced. '

In the DSER, the staff identified Open Item 5.4.6-1, stating that because Section 5.4.6 of the
SSAR, Revision 1, contained information that was inconsistent with the February 15, 1994,
design change report, it should be revised. Open ltem 5.4.6-1 is closed because Westinghouse
has revised the ADS design descriptions in Sections 5.4.6, 6.3, and 7.3 of the SSAR to make
them consistent with the design features described in the February 1994 design change report.
Section 6.3 of the SSAR discusses the operation of the PXS, and Section 7.3 describes the
actuation logic and setpoints for opening various stages of the ADS valves. Opening the ADS
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valves is necessary for the PXS to function as required to provide emergency core cooling
following postulated accident conditions. The first stage valves may also be used to remove
noncondensable gases from the steam space of the pressurizer, if necessary, following an
accident.

In the DSER, the staff identified Open ltem 5.4.6-2, stating that the staff review of the adequacy
of the ADS system was incomplete at the time. Open ltem 5.4.6-2 is closed as the staff has
completed its evaluation. The ADS functional performance (as part of the PXS performance) is
evaluated in Chapter 6.3 of this report. The safety analyses of various design-basis accidents
are evaluated in Chapter 15 of this report. The analysis results of design-basis accidents such
as small-break LOCAs described in Section 15.6.5 of the SSAR demonstrate that, with the ADS
design and the passive core cooling system, the acceptance criteria specified in 10 CFR 50.46
are met. Therefore, the ADS design is acceptable.

5.4.7 Normal Residual Heat Removél System

The AP600's normal residual heat removal system (RNS) is a non-safety-related system and is
not required to operate to mitigate design-basis events. However, the RNS also performs the
following safety-related functions:

. - containment isolation of RNS lines penetrating containment using containment isolation
valves according to the criteria specified in Section 6.2.3 of the SSAR

. preservation of the RCS pressure boundary integrity using pressure isolation valves
according to the criteria specified in Section 5.4.8 of the SSAR

5.4.7.1 RNS Design Bases

The RNS performs the following non-safety-related functions. Their design bases are also
described below.

. Shutdown Heat Removal

The RNS is designed to remove both residual and sensible heat from the core and the
RCS during shutdown operations, with the capability to (1) reduce the temperature of the
RCS from 176.7 °C (350 °F) to 48.9 °C (120 °F) within 96 hours after shutdown during
the second phase of plant cooldown (after the initial RCS cooldown is accomplished by
the main steam system (MSS)); and (2) maintain the reactor coolant temperature at or
below 48.9 °C (120 °F) for the entire plant shutdown, until the plant is started up again

. Shutdown Purification -

The RNS is designed to provide RCS and refueling cavity purification flow to the CVS
during refueling operations, with the purification flow rate consistent with that specified in
Table 9.3.6-1 of the SSAR.
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. In-Containment Refueling Water Storage Tank Cooling

The RNS is designed to provide cooling for the IRWST during operation of the PRHRHX
or during normal plant operations, when required. The RNS is designed to be manually

“initiated by the operator. During normal operation, the RNS with both subsystems of
RNS pumps and heat exchangers available will limit the IRWST water temperature to not
greater than 48.9 °C (120 °F). During extended operation of the PRHRHX, the RNS will
limit the IRWST water temperature to less than the boiling temperature.

. Low-Pressure RCS Makeup

The RNS is designed to be manually initiated by the operator following the actuation of
the ADS. The RNS provides low-pressure makeup from the IRWST to the RCS (once
the pressure in the RCS falls below the shutoff head of the RNS pumps), and thus
provides additional margin for core cooling.

. Post-Accident Recovery

The RNS is designed to remove heat from the core and the RCS following successful
mitigation of an accident by the passive core cooling system. The RNS also provides a
flow path for long-term postaccident makeup to the containment inventory.

. Low-Temperature Overpressure Protection

The RNS is designed to provide LTOP for the RCS during refueling, startup, and
shutdown operations to limit the RCS pressure within the limits specified in 10 CFR
Part 50, Appendix G. ‘

. Spent Fuel Pool Cooling

The RNS is designed to have the capability to supplement or take over the cooling of the
spent fuel pool when it is not needed for normal shutdown cooling.

5.4.7.2 RNS Design and Components

In Section 5.4.7.2 of the SSAR, Westinghouse describes the AP600 RNS design, including
specific design features to address the concerns related to mid-loop operation and interfacing
system LOCA, respectively. The RNS consists of two mechanical trains of equipment; each
consists of one pump and one heat exchanger. The two trains share a common suction line
from the RCS and a common discharge header. The RNS is also comprised of piping, valves,
and instrumentation necessary for system operation, as shown in Figure 5.4-7 of the SSAR.

Inside containment, the RNS suction header is connected to an RCS hot leg with a single
step-nozzle connection. The suction header is comprised of two parallel lines with two sets of
two normally closed, motor-operated isolation valves in series, for single failure consideration.
These isolation valves comprise the RCS pressure boundary. The two lines are connected to a
common suction header. This suction alignment is for reactor cooling during normal shutdown
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operation. A single line from the IRWST is connected to the éuction header to provide a flow
path for low-pressure makeup of the RCS.

Once outside containment, the suction header contains a single, normally closed,
motor-operated isolation valve. Downstream of the isolation valve, the header branches into
two separate lines, one to each pump. In each branch line is a normally open, manual isolation
valve, upstream of the RHR pumps, for pump maintenance.

The discharge of each RHR pump is routed directly to its respective RHR heat exchanger. A
mini-flow line, which contains an orifice and is sized for a sufficient pump flow rate when the
pressure in the RCS is above the RHR pump shutoff head, is routed from downstream of the
heat exchanger to upstream of the pump suction. The outlet of each heat exchanger is routed to
the common discharge header, which contains a normally closed, motor-operated isolation valve
before penetrating the containment.

Once inside containment, the common discharge header contains a check vaive that acts as a
containment isolation valve. Downstream of the check valve, the discharge header branches
into two lines, routed to the direct vessel injection (DVI) lines. These branch lines each contain
two check valves, in series, that comprise the RCS pressure boundary. A line is branched from
the common header to the CVS demineralizers for shutdown purification of the RCS. Another
line is routed from the discharge header to the IRWST for cooling of the tank.

The RNS contains a single safety/relief valve, located off the RNS suction header inside
containment that discharges to the IRWST. This relief valve is utilized for low-temperature
overpressure protection of the RCS.

In SSAR Table 3.2-3, Westinghouse provides the safety classification and seismic categories of
the RNS components. The portions of the RNS piping and components from the RCS up to and
including the outer RNS suction isolation valve or outer RNS discharge check valve constitute
the RCPB, and are designed with safety Class A requirements. The RNS RCPB valves lnclude
VOO01A, V001B, VO02A, V002B, VO15A, VO15B, VO17A, and VO17B. These valves are
manufactured to the ASME Code Class | requirements in accordance with Section 5.4.8 of the
SSAR. The portions form the RCPB to the containment isolation valves outside the containment
are designed with safety Class B requirements. The RNS containment isolation valves include
VOO02A, V002B, V011, V012, V013, V021, V022, V023, and V061. These valves (except for
RCPB valves V002A and V002B which are ASME Code Class 1) are manufactured to ASME
Code Class 2 requirements. The inside containment portions extending to the containment
isolation valves outside containment are designed for full RCS pressure. The system piping and
components outside containment, including the pumps, valves, and heat exchangers, are safety
Class C, and have a design pressure and temperature such that full RCS pressure is below the
ultimate rupture strength of the piping. These design classifications comply with GDC 1 which
specifies that SSCs important to safety shall be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety functions to be performed.
The whole RNS system, except for the heat exchanger shell vents is designed for seismic
Category | for pressure retention. This complies with GDC 2 which specifies the SSCs important
to safety shall be designed to withstand the effects of natural phenomena, such as earthquakes,
without loss of capability to perform their safety functions. This also complies with RG 1.29
which specifies that the SSCs that constitute the RCPB, are designated seismic category | and
should be designed to withstand the effects of the SSE and remain functional. The staff finds
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that the RNS design for performing its safety-related functions of containment isolation and
preservation of the RCPB integrity to be acceptable.

5.4.7.3 Shutdown Operation Design Features

In SECY-93-087, the staff specifies that passive plants must have a reliable means of
maintaining decay heat removal capability during all phases of shutdown activities, including
refueling and maintenance. The staff review of the AP600 design with respect to shutdown
operations is based on the applicant’s systematic assessment of shutdown operation concerns
identified in NUREG-1449, “Shutdown and Low-Power Operations at Commercial Nuclear
Power Plants in the United States,” which encompasses mid-loop operation. This assessment is
provided in WCAP-14837, Revision 3, “AP600 Shutdown Evaluation Report.” The staff
evaluation of the shutdown operation issues is based on WCAP-14837 and is addressed in
Section 19.3 of this report. This section describes the RNS design features to address
NUREG-1449 and Generic Letter 88-17 regarding mid-loop operation.

5.4.7.3.1 Features Related to Mid-Loop Operation
. Loop Piping Offset

The levels of the RCS hot legs and cold legs are offset vertically with the hot leg nozzles
0.445 m (17.5 in) below the cold leg nozzles so that the RCS can be drained with the hot
leg level remaining much higher than traditional designs for venting of the SGs prior to
nozzle dam insertion. Furthermore, this loop piping offset allows a RCP to be replaced
without removing a full core.

. Step-Nozzle Connection

The RNS employs a step-nozzle connection to the RCS hot leg to minimize the likelihood
of air ingestion into the RHR pumps during RCS mid-loop operations. The step-nozzle
connection substantially lowers the RCS hot leg level at which a vortex occurs in the
RHR pump suction line as a result of the lower fluid velocity in the hot leg nozzle.

. No RHR Throttling During Mid-Loop
The RNS is designed with the pumps having sufficient NPSH for operation at full design
flow rate without the need for throttling the RHR control valve to minimize susceptibility to
cavitation when the level in the RCS is reduced to a mid-loop level.

. Self-Venting Suction Line
The RNS pump suction line slopes continuously upward from the pump to the RCS hot
leg with no local high points (where air could collect and cause a loss of RHR capability).

This self-venting suction line will refill after a pump trip. The pumps can be immediately
restarted once an adequate level is reestablished in the hot leg.
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. Hot Leg Level Instrumentation

The AP600 RCS contains level instrumentation in each hot leg with a readout in the
MCR. Alarms are also provided to alert the operator when the RCS level is approaching
a low level. Additionally, the isolation valves in the RCS drain line are interlocked to
close on a low RCS level during shutdown operations.

. Reactor Vessel Outlet Temperature

~ Each hot leg is provided with a wide-range thermowell-mounted resistance temperature
detector for measurement of reactor coolant fluid temperature in the hot leg when in
reduced inventory conditions.

. ADS Valves

The ADS valves of the first three stages are required to be opén to provide a vent path to
prevent RCS pressurization whenever the CMTs are blocked during shutdown conditions
while the RV upper internals are in place.

5.4.7.3.2 Other Features for Shutdown Operations
The RNS contains instrumentation to monitor and control systemv performance. System

parameters necessary for RNS system operation that are monitored in the MCR include the
following instrumentation which also allow mid-loop operations to be performed from the MCR:

. RNS pump flow discharge pressure

. RNS heat exchanger inlet and outlet temperatures
. RNS heat exchanger outlet flow and bypass flow

. RCS wide-range pressure '

The staff's evaluation of shutdown operations and AP600 design features to support shutdown
operations is based on WCAP-14837 and is provided in Section 19.3 of this report. The staff
has concluded that the AP600 design features which support shutdown operations, including
those of the RNS, is acceptable.

In the DSER, the staff identified Open ltems 5.4.7.10-1 and 5.4.7.10-2, stating that the staff was
awaiting Westinghouse's response to RAI 440.53 related to the shutdown risk assessment, and
that the shutdown risk issue remained open pending resolution of the technical issues identified
in RAI 440.54 through RAI 440.72. Open ltems 5.4.7.10-1 and 5.4.7.10-2 are now closed as
Westinghouse submitted WCAP-14837 which satisfactorily addressed the staff's shutdown
operations issues.

5.4.7.4 Interfacing-Systems LOCA Design Features

In SECY-80-016, as well as SECY-93-087, the staff specifies that ALWR designs should reduce
the possibility of a LOCA outside containment by designing, to the extent practicable, all
systems and subsystems connected to the RCS to an ultimate rupture strength at least equal to
full RCS pressure. SECY-90-016 also specifies guidance for those systems that have not been
designed to withstand full RCS pressure.

NUREG-1512 5-70



Reactor Coolant System and Connected Systems

The AP600 RNS design contains the following features that address the interfacing-systems
LOCA issue:

. Increased Design Pressure

The portions of the RNS from the RCS up to and including the containment isolation
valves outside containment are designed to the full RCS operating pressure. The
portions of the system downstream of the suction line containment isolation valve and
upstream of the discharge line containment isolation valve, including the pumps, valves,
flanges, fittings, and heat exchangers, have a design pressure of 6.21 MPa (900 psi),
approximately 40 percent of the RCS operating pressure, so that its ultimate rupture
strength (URS) is not less than the operating pressure of the RCS. An exception to this
is the pump seal which does not meet this criterion. This is discussed in the staff
evaluation of the ISLOCA in Chapter 20 of this report.

. Additional RCS Isolation Valve

The AP600 RNS contains an additional isolation valve in the pump suction line from the
RCS. This motor-operated containment isolation valve is designed to full RCS pressure,
and provides an additional barrier between the RCS and lower pressure portions of the
RNS.

) RNS Relief Valve

The AP600 RNS relief valve is connected to the RHR pump suction line inside
containment to provide LTOP of the RCS. It is connected to the high-pressure portion of
the pump suction line; as such, it will reduce the risk of overpressurizing the low- '

- _pressure portions of the system. ’

. Features Preventing Inadvertent Opening of Isolation Valves

The motor-operated isolation valves connected to the RCS hot leg are interlocked to
prevent their opening at RCS pressures above 3.21 MPa (450 psig). These valves are
also interlocked to prevent their being opened unless the isolation valve from the IRWST
to the RHR pump suction header is closed. In addition, the power to these valves is
administratively blocked at the valve motor control center to prevent their inadvertent
opening. :

. RCS Pressure Indication and High Alarm

The AP800 RNS contains an instrumentation channel that indicates pressure in each
RNS pump suction line. A high pressure alarm is provided in the MCR to alert the
operator to a condition of rising RCS pressure that could eventually exceed the design
pressure of the RNS.

The staff evaluation of the interfacing system LOCA is addressed in GSI 105, "Interfacing

System LOCA at LWRs," in Chapter. 20 of this report. The staff found that the RNS design
features meet the ISLOCA specifications in SECY-90-016 and SECY-93-087.
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5.4.7.5 RNS System Operation and Performance

In Section 5.4.7.4 of the SSAR, Westinghouse provides a general description of the RNS
operation for the pertinent phases of plant operation (plant startup, plant cooldown, refueling,
accident recovery operations, and spent fuel pool cooling). System operations are controlled
and monitored from the MCR, even during mid-loop operations.

For accident recovery operations, the RNS can be employed to provide low-pressure RCS
makeup upon actuation of ADS. The staff reviewed the AP600 emergency response guidelines
to evaluate a possible system interaction, caused by the RNS operation, which may adversely
affect the performance of the passive safety systems. For post LOCA recovery, the AP600
emergency response guidelines instruct the operators to actuate the RNS and align the RNS
pumps to take suction from the IRWST and inject into the RCS to provide additional core cooling
if the CMT level begins to decrease. Operation in this mode provides additional injection flow to
the RCS, thereby providing additional core cooling margin. Because the RNS pumps are
aligned to inject into the RCS via the DVI lines, which are also the injection paths of the CMTs
and IRWST, these shared connections can result in interactions with the PXS.

An evaluation of the potential for adverse system interactions of the RNS and the PXS is
provided in WCAP-14477, Revision 1, "The AP600 Adverse System Interactions Evaluation
Report." For a small break LOCA, the operation of the RNS pumps in the injection mode
increases the backpressure on the CMT and prevents the CMT from draining to the ADS-4
actuation setpoint, thereby preventing the ADS-4 valves from actuating. Operation of the RNS
pumps will refill the RCS and recover the water level in the pressurizer without the need to
actuate ADS-4 valves. For a large break LOCA, the capacity of the RNS will not be sufficient to
prevent the CMT from draining, and subsequent ADS-4 actuation. Therefore, RNS operation
has no adverse impact.

However, because the RNS is aligned to the IRWST, continued long-term operation of the RNS
pumps could result in the IRWST draining at a faster rate than if the RNS pumps were not
operating. This is not a concern as long as the RNS pumps continue to operate, and therefore
provide higher injection rate than the gravity injection from the IRWST or the containment
recirculation path. However, if the RNS pumps were to fail, the available gravity head from the
IRWST or the containment recirculation path for safety injection could be less than would have
been available if the pumps had not operated at all. This situation was analyzed in the long-term
cooling safety analysis in SSAR Chapter 15, where a case was analyzed with the assumption
that both RNS pumps are started by the operator during the IRWST injection of the transient,
and failed at the minimum IRWST level. Therefore, this system interaction has been analyzed
and found to be acceptable.

5.4.7.6 Design Evaluation

The staff review of the RNS design is for compliance with the following requirements:

. GDC 1, as it relates to the quality standards of the SSCs important to safety

. GDC 2, as it relates to the seismic design of the SSCs important to safety by
withstanding an SSE and remaining functional, with acceptability based on meeting
RG 1.29
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. GDC 4, as it relates to the dynamic effects associated with flow instability and loads

. GDC 5, as it relates to SSCs i-mportant to safety being prohibited from being shared
among nuclear power units

. GDC 19, as it relates to a control room being provided from which actions can be taken
to operate the nuclear power unit safely

. GDC 34, as it relates to the ability'of the residual heat removal system to transfer fission
product decay heat

The RNS is designed for a single nuclear power unit, and is not designed to be shared between
units. The RCPB portion of the RNS is designed as safety Class A, and the containment
isolation valves of the RNS are designed as Safety Class B, the remaining portions are designed
as safety Class C. The pressure boundary is classified as seismic Category | and is designed to
withstand a safe shutdown earthquake for pressure retention. The RNS is operated from the
MCR. Also, the high energy piping of the RNS (i.e., the RNS suction and discharge portions that
constitute the RCPB) are subject to LBB criteria for protection against dynamic effects. This is
identified in Table 3B-1, and Figures 3E-2 and 3E-4 of the SSAR. Therefore, the RNS meets
GDCs 1, 2, 4, 5, and 19. Because the RNS is not designed to provide safety-related decay heat
removal function for mitigation of design-basis events, the safety-related heat removal function
of GDC 34 is complied with by the safety-related PRHRHX. The evaluation of the PRHRHX is
discussed in Section 6.3 of this report. In the DSER, the staff identified Open ltem 5.4.7.7-1,
stating that compliance of the RNS with applicable regulations was under staff review. A
Therefore, Open Item 5.4.7.7-1 is closed and the staff finds the RNS design to be acceptable.

5.4.7.7 Inspection and Testing Requirements

Proper operation of the RNS is verified through preoperational tests, which include valve
inspection and testing, flow testing, and verification of heat removal capability. The inspection
and test requirements of the RNS vaives are consistent with those identified in Sections 5.2.4
and 6.6 of the SSAR, respectively, for the valves that constitute the RCPB and the valves that
isolate the line penetrating containment. In addition, these valves are included in SSAR

Table 3.9.16 and are subject to inservice testing. The staff finds proper inspection and test
requirements are made for the RNS valves performing safety-related functions of containment
isolation and preserving RCPB integrity. The set pressure and the relieving capacity of the relief
valve, RNS-V021, which is provided for low-temperature overpressure protection, are verified to
be consistent with the values specified in SSAR Table 5.4-17. The relief valve relieving capacity
will be certified in accordance with ASME Code Section 1ll, NC-7000. - The staff finds this
acceptable. The minimum flow rates to meet the functional requirements of cooling the RCS
during shutdown operations and low pressure makeup to prevent 4th stage ADS actuation for
small break LOCA, respectively, are specified in Table 5.4-14. These shutdown cooling and low
pressure makeup flow rates are confirmed through the tests with the RNS pump suction aligned
to their respective operations, (i.e., with the suction aligned to the RCS hot leg and the IRWST,
respectively). The RNS heat exchanger heat removal capability is specified in SSAR

Table 5.4-14, and is verified through the manufacturer's test results and data. The staff finds
these tests to confirm the RNS flow and heat transfer capabilities to be acceptable.
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5.4.7.8 Regulatory Treatment of the RNS

The RNS is a non-safety-related system that is not required to operate to mitigate design-basis
events. Therefore, the RNS is not required to meet safety-related system requirements.
However, the RNS is a defense-in-depth system that provides the first line of defense during an
accident to prevent unnecessary actuation of passive core cooling systems. Regulatory
oversight of the active non-safety systems in passive plant designs is subject to a staff
evaluation of the regulatory treatment of non-safety systems (RTNSS). In the DSER, the staff
identified Open ltem 5.4.7.11-1, stating that the staff was still evaluating the AP600 PRA and
RTNSS evaluation. Open Item 5.4.7.11-1 is closed as discussed below. A detailed evaluation
of the RTNSS issue is described in Chapter 22 of this report.

In SECY-94-084, "Policy and Technical Issues Associated with the Regulatory Treatment of
Non-Safety Systems in Passive Plant Designs," the staff describes the RTNSS process. The
goal of the RTNSS process is to provide insights on the importance of non-safety
related-systems to the overall safety of the AP600 design and assist in determining what, if any,
additional regulatory controls should be applied to RTNSS-identified systems. The RTNSS
process involves using both probabilistic and deterministic criteria to (1) determine whether
regulatory oversight for certain non-safety-related systems is needed, (2) identify the risk
significant SSCs for regulatory oversight, and (3) decide on an appropriate level of regulatory
oversight for the various identified SSCs commensurate with their risk importance.

As the important non-safety-related SSCs identified through the RTNSS process do not meet
the screening criteria specified in 10 CFR 50.36 for inclusion in the technical specification
limiting conditions for operation, the applicant proposed a mechanism to provide for short-term
availability control of these systems. Section 16.3 of the SSAR provides short-term
administrative availability controls for the RTNSS-identified important non-safety-related SSCs.
For each RTNSS-identified SSC, the operability requirements for the required functions and
system configurations are specified for various modes of operation, and the required actions and
completion times are specified for conditions not meeting the operability requirements.
Surveillance frequency requirements are also specified to confirm operability of the SSCs. A
commitment is included in the SSAR Section 16.3.2 for the COL applicant referencing the
AP600 design to develop and implement procedures consistent with the availability controls.
These administrative availability controls will also be included in the AP600 design control
document. The staff found the approach acceptable as described in Chapter 22 of this report.

In WCAP-13856, "AP600 Implementation of the Regulatory Treatment of Non-Safety-Related
Systems Process," the applicant provided the results of its evaluation on the basis of the RTNSS
screening process. The RNS was identified as an important system needed for shutdown decay
heat removal to support mid-loop operation with reduced reactor coolant inventory and,
therefore, subject to additional regulatory controls. In addition, the RNS also provides a
non-safety-related means of injecting the IRWST water into the RCS following ADS actuation to
provide margin in the PRA sensitivity studies to mitigate at-power and shutdown events. The
administrative short-term availability controls of the RNS functions at various modes of operation
are specified in the SSAR Table 16.3-2, Sections 2.1 and 2.2. In addition, the availability
controls of the RNS supporting systems such as the CCS, the service water system, and the AC
power supplies, are specified in SSAR Table 16.3-2. The staff has reviewed Table 16.3-2, and
concluded that proper administrative controls are provided to ensure the short-term availability of
the RNS to perform its required functions.
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5.4.8 Valves

The design bases, design evaluation, qualification testing, 1SI| and inservice testing of valves
associated with the RCS and RCS-connected systems is collectively discussed in
Sections 3.9.3, 3.9.6, 3.10, 5.2.3, 5.2.4, and 6.6 of this report.

5.4.9 Reactor Coolant System Pressure Relief Devices

The AP600 does not have PORVs connected to the pressurizer. Instead, the PSVs provide
overpressure protection of the RCS during startup, hot shutdown, and power operation. The
relief valve on the suction line of the RNS provides low-temperature overpressure protection.
The ADS valves provide a means to depressurize the RCS as part of the PXS. The first stage
ADS valves can also be used to vent noncondensable gases following an accident.

5.4.9.1 Pressurizer Safety Valves

The PSVs are of the totally enclosed pop type. There is no loop seal in the piping between the
pressurizer and the PSVs to collect the steam condensate. The steam condensate will drain
back to the pressurizer, and will not be discharged as a water siug during the initial opening of
the valve. Each PSV discharge is directed through a rupture disk, located at the end of the
discharge piping, to containment atmosphere. The rupture disk is provided to contain leakage
past the valve, and is designed with a substantially lower set pressure than the PSV's set
pressure to ensure PSV discharge. A small pipe is connected to the discharge piping and
directed to the reactor coolant drain tank to drain away condensed steam leaking past the safety
valve. Positive position indication is provided for the PSVs, in accordance with the requirements
of 10 CFR 50.34(f)(2)(xi), which requires direct indication of relief and safety valve position (open
or closed) be provided in the MCR. Temperatures in the discharge lines are measured, and an
indication and a high temperature alarm are provided in the control room for indication of any
leakage or relief through the associated valve. The PSVs are designed to prevent RCS
pressure from exceeding 110 percent of system design pressure. The design parameters of the
PSVs are specified in Table 5.4-17 of the SSAR. The sizing of the PSVs with 3-percent
accumulation is addressed in Section 5.2.2 of this report. '

In 10 CFR 50.34(f)(2)(x), the NRC requires a test program and associated mode! development,
as well as conducting of tests to qualify RCS relief and safety valves for all fluid conditions
expected under operating conditions, transients, and accidents. This has been done through
the tests of similar safety valves within the EPRI safety and relief valve test program, which
found that the safety valves were adequate for steam flow and water flow, even though water
flow is not anticipated through the PSVs. Item I1.D.1, "Performance Testing of PWR Safety and
Relief Valves," in Chapter 20 of this report addresses the resolution of the PSV testing program.
The PSVs are also subjected to preservice and inservice hydrostatic tests, seat leakage tests,
operational tests, and inspections. This is done through the inservice testing (IST) specified in
Table 3.9-16 of the SSAR, as well as the IST for ASME Code Class 2 and 3 components in
Section 6.6 of the SSAR.
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5.4.9.2 RNS Relief Valve

The RNS relief valve on the RNS pump suction line is designed for water relief, and has an
accumulation of 10-percent of the set pressure. The set pressure (setpoint) is the lower of the
values determined on the basis of the RNS design pressure or the RV low temperature pressure
limit. The design parameters of the RNS relief valve, including the set pressure and relieving
capacity, are specified in Table 5.4-17 of SSAR. The determination of the set pressure and
relieving capacity, is discussed in Section 5.2.2 of this report. The lowest permissible lift set
pressure is determined by the required NPSH for the RCPs. Position indication for the RNS
relief valve is provided in accordance with the requirements of 10 CFR 50.34(f)(2)(xi), which
requires direct indication of relief and safety valve position (open or closed) be provided in the
MCR. Therefore, this is acceptable.

RCS pressure relief devices are required by 10 CFR 50.34(f)(2)(x) to be subjected to tests to
qualify for all fluid conditions expected under operating conditions, transients, and accidents. In
the DSER, the staff identified Open Item 5.4.9.2-1, stating that Westinghouse should justify its
position stated in Section 5.4.9.4 of the SSAR that the RNS relief valve is not required to be
tested. Section 5.4.9.4 of the SSAR has been revised to state that the RNS relief valve is
designed for water relief and is not a RCS pressure relief device since it has a set pressure less
than RCS design pressure. Therefore, the valve selected for the RNS relief vaive is
independent from the EPRI safety and relief valve test program. Since the RNS relief valve is
not a RCPB valve, and is designed for low-temperature overpressure protection, the staff agrees
it need not be inciuded in the EPRI test program for the safety and relief valves. As specified in
Table 3.2-3 of the SSAR, the RNS relief valve is an AP600 Class 2 component, and will be
designed, manufactured, and tested to ASME Section Ill, Class 2 requirements. In addition, the
RNS relief valve is also subject to IST as specified in Table 3.9-16 of the SSAR for its safety
related missions and functions. The staff finds these test requirements for the RNS relief valve
to be acceptable. Open Item 5.4.9.2-1 is closed.

5410 RCS Component Supports

The design bases and design evaluation of RCS component supports are described in
Sections 3.9.3.3 and 3.12.6 of this report. ISI of RCS components is discussed in Sections 5.2.4

and 6.6 of this report.
5.4.11 Pressurizer Relief Discharge

The APB00 design does not have a pressurizer relief discharge system. The AP600 employs
neither power-operated pressurizer relief valves nor a pressurizer relief discharge tank. Some of
the functions provided by the pressurizer relief discharge system in previous nuclear power
plants are provided by portions of other systems in the AP600.

The staff reviewed APS00 pressurizer relief discharge in accordance with SRP Section 5.4.11,
"Pressurizer Relief Tank." The SRP acceptance criteria specify that the design meet GDC 2,
"Design Basis for Protection Against Natural Phenomena,” as it relates to the protection of
safety-related systems from the effects of earthquakes, and GDC 4, "Environmental and
Dynamic Effects Design Bases," as it relates to a failure of the system resulting in missiles or
adverse environmental conditions that could result in damage to safety-related systems or
components. Conformance with GDC 2 is on the basis of meeting the guidelines of RG 1.29,
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"Seismic Design Classification," Positions C.2 and C.3. Position C.2 addresses those portions -
of SSCs which should be designed and constructed such that an SSE could not cause their
failure and result in reduced functioning of any seismic Category | equipment or incapacitating
injury to occupants in the MCR. Position C.3 addresses the extension of seismic Category |
design requirements to the first seismic restraint beyond the defined boundaries. Conformance
with GDC 4 is on the basis of meeting the acceptance criteria of SRP 5.4.11(ll), as applicable.

The systems and components for AP600 pressurizer relief discharge are discussed in

Sections 5.2.2,5.4.6,5.4.9, 5.4.11, 5.4.12, and 6.3 of the SSAR. This equipment is located

- inside containment and is designed to provide overpressure protection for the RCS during power
operation. Two pressurizer safety valves are located on top of the RCS pressurizer.

Table 3.2-3 and Section 3.2 of the SSAR state that the pressurizer safety valves are classified
as AP600 equipment Class A (ANS safety Class 1), seismic Category I, and ASME Code

Class 1. These valves are tested in accordance with requirements of the ASME Code,

Section XI.

The pressurizer safety valves are spring loaded, self-actuated by direct fluid pressure, and have
backpressure compensation features. They are the totally enclosed pop type, and are designed
to reclose and prevent further flow of fluid after normal conditions have been restored. Because
loop seals are not installed between the pressurizer and safety valves, steam condensation
flows back into the pressurizer instead of forming a water slug that would blow out during initial
safety valve actuation. Although the valves are designed for the flow of both steam and water,
water is not expected to flow through the vaives.

The pressurizer safety valves are sized on the basis of the analysis of a complete loss of steam
flow to the turbine with the reactor operating at 102 percent of rated power. In the analysis, no
credit is taken for the operation of the pressurizer level control system, pressurizer spray system,
rod control system, steam dump system, steamline PORVs, or direct reactor trip on turbine trip.
The feedwater system is also assumed to be lost. Under these conditions, the total pressurizer
safety valve capacity is at least as large as the maximum surge rate into the pressurizer during
this postulated event. This results in a safety valve capacity that prevents system pressure from
exceeding 110 percent of system design pressure.

Pressurizer safety valve discharge is routed through a rupture disk to the containment
atmosphere. The rupture disk is designed to contain any leakage past the safety valves and
has a pressure rating much lower than the set pressure of the safety valve. Leakage past the
safety valve during normal operation is collected and routed to the RCDT. Each safety vaive
discharge line includes a temperature indicator and alarm in the MCR.

Pressurizer safety valve discharge is directed away from SSCs inside containment, which could
be damaged by the discharge. The containment pressure resulting from a safety valve
discharge is significantly less than the containment design pressure (the containment design
pressure is determined by LOCA considerations), and the resulting heat load is well within the
capacity of the normal fan coolers and the PCS.
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Automatic Depressurization System

The ADS is shown in Figure 5.1-5 (sheet 1 of 3 and sheet 2 of 3) of the SSAR. The system is
not a pressure relief system. It is designed to depressurize the RCS under emergency plant
operations and to vent noncondensable gases from the pressurizer steam space following an
accident. Operation of the ADS valves is required for the PXS to function following postulated
accident conditions. The first stage valves are used to vent noncondensable gases from the
pressurizer steam space. In Table 3.2-3 and Section 3.2 of the SSAR, Westinghouse states that
the valves are classified as AP600 equipment Class A (ANS safety Class 1), seismic Category |,
and ASME Code Class 1. The vaives are tested in accordance with requirements of ASME
Code, Section XI.

The ADS consists of twenty valves divided into two divisions, and further divided into four
depressurization stages. These valves are connected to the RCS at three locations. The two
divisions of the first-, second-, and third- stage valves are connected to the top of the pressurizer
while one division of the fourth-stage valves is connected to the hot leg of each RCS loop and
vents directly to a SG compartment. The fourth-stage valves are designed such that they
cannot open against full system pressure.

The discharge from the first-, second-, and third- stage ADS valves is routed to the IRWST by
way of two depressurization spargers (one per division). The spargers are classified as AP600
equipment Class C (ANS safety Class 3) and seismic Category |, and are designed to distribute
steam inside the IRWST to ensure effective steam condensation. The IRWST also receives
discharges from the relief valve of the RNS, and steam and gas discharges from the PRHR high
point vents and the RV high point vents (discussed in Section 5.4.12 of the SSAR).

As described in Sections 5.4.6. and 6.3 of the SSAR, the ADS, consisting of four stages, is part
of the RCS and interfaces with the PXS. Two valves are located in each discharge path to
prevent inadvertent ADS valve discharges should a valve accidentally open. Diverse and
redundant features are provided in the ADS control system to ensure that valves do not
inadvertently open. Following ADS actuation, steam can condense in the discharge line creating
a vacuum condition that could result in a reverse flow of water from the IRWST. To prevent this,
vacuum breakers are provided in the discharge lines to limit the pressure drop that may occur
following ADS actuation and thus prevent backflow.

In-Containment Refueling Water Storage Tank

The in-containment refueling water storage tank (IRWST) is a stainless steel-lined compartment
inside containment that is integrated into the containment structure underneath the operating
deck. The tank is classified as AP600 equipment Class C (ANS safety Class 3) and seismic
Category I. The tank is designed to absorb the pressure increase and heat input from the
discharge from a first-stage ADS valve (including the water seal, steam, and gases) when
venting noncondensable gases from the pressurizer following an accident.

As stated above, the first-, second-, and third-stage ADS valves are divided into two divisions
that connect to two separate spargers below the water level of the IRWST. The discharge from
the spargers does not result in pressures in excess of the design pressure of the IRWST during
a first stage ADS valve discharge of steam, water, and noncondensable gases during an
accident. In addition, the IRWST has covered vents that provide tank overpressure protection.
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The IRWST does not use a cover gas or a spray system, and does not have a connection to the
waste gas processing system. The IRWST is cooled by the RNS and includes level and
temperature indicators and alarms.

Conformance with GDC 2 is on the basis of meeting the guidelines of Positions C.2 and C.3 of
RG 1.29. Position C.2 states that those portions of the system whose function is not required,
but whose failure could reduce the functioning of any seismic Category | system or could result
in incapacitating the occupants of the MCR, should be designed and constructed so that an SSE
would not cause this failure. As stated above, the pressurizer relief discharge components are
seismic Category |, and discharge is directed away from any safety-related SSCs inside
containment, that could be damaged by the discharge. Also, the discharges from the ADS
valves are routed to the IRWST, which is designed to accommodate these discharges and
therefore will not pose a hazard to nearby safety-related SSCs. These processes occur inside
containment and therefore do not affect the MCR. In addition, Westinghouse has stated in
Appendix 1A of the SSAR that the AP600 design will conform to the guidelines of this position.

Position C.3 states that seismic Category | design requirements should extend to the first
seismic restraint beyond the defined boundaries. Those portions of the system that form
interfaces between seismic Category | and non-seismic Category | features should be designed
to seismic Category | requirements. Westinghouse has stated in Appendix 1A of the SSAR that
the system design will conform to the guidelines of this position.

The pressurizer safety valve discharge is directed away from safety-related SSCs inside
containment, that could be damaged by the discharge. In addition, discharges from the ADS
valves are routed to the IRWST, which is designed to accommodate these discharges. On the
basis of this information, the staff concludes that the pressurizer relief discharge equipment is
adequately protected from the dynamic effects associated with failed SSCs inside containment,
and also will not pose a hazard to other safety-related SSCs inside contamment should any of
the pressurizer relief discharge equipment fail.

During the staff's review of systems and components used for AP600 pressurizer relief
discharge, several issues were identified for resolution and documented in the DSER. These
issues included the following:

. Provide safety valve relief capacity and ADS discharge capacity (Open ltem 5.4.11.4-1).
Westinghouse addressed the relief capacity of the safety valves in Section 5.2.2 of the
SSAR.

. Identify the worst-case load on pressurizer relief discharge equipment, including the

IRWST (Open Item 5.4.11.4-2). Westinghouse addressed worse-case loading on
applicable pressurizer relief discharge equipment, including the IRWST, in Section 3.8.3
of the SSAR.

. Clarify the scope of the pressurizer relief discharge equipment (Open ltem 5.4.11.4-3).
Westinghouse provided information clarifying the scope of components and systems
included in pressurizer relief discharge functions. The AP600 design does not employ a
pressure relief discharge system.
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. Provide the inspection and testing requirements for the pressurizer relief discharge
equipment (Open Item 5.4.11.4-4). Westinghouse addressed inspection and testing
requirements for pressurizer relief discharge equipment in Section 5.4.11 of the SSAR.

. Provide additional information on the instrumentation associated with the pressurizer
relief discharge equipment (Open ltem 5.4.11.4-5). Westinghouse provided additional
information on the instrumentation associated with the pressurizer relief discharge
equipment in Section 5.4.11 of the SSAR.

. Address Bulletin 80-05, regarding the susceptibility of the IRWST to vacuum conditions
resulting from the cooling of hot water in the tank (Open Item 5.4.11.4-6). With regard to
the susceptibility of the IRWST to vacuum conditions resulting from the cooling of hot
water in the tank (Bulletin 80-05 issue), Westinghouse described in Section 6.3 of the
SSAR an IRWST design feature to prevent tank collapse due to vacuum conditions.

. Identify seismic and safety classes associated with pressurizer relief discharge
equipment (Open Item 5.4.11.4-7). Westinghouse identified seismic and safety classes
associated with pressurizer relief discharge equipment.

. Provide information regarding divisional separation and isolation of the redundant,
safety-related portions of the pressurizer relief discharge equipment (Open
ltem 5.4.11.4-8). Westinghouse provided information regarding divisional separation and
isolation of the redundant, safety-related portions of the pressurizer relief discharge
equipment, as applicable. In Section 6.3 of the SSAR, Westinghouse provides
information concerning separation of the ADS.

On the basis of the information discussed above, DSER Open Items 5.4.11.4-1 through
5.4.11.4-8 are closed. '

Considering the evaluation of information and commitments provided by Westinghouse in the
SSAR, the staff concludes that equipment used for AP600 pressurizer relief discharge meets the
requirements of GDC 2 on the basis of conformance with Positions C.2 and C.3 of RG 1.29, and
also meets the requirements of GDC 4 on the basis of the protection of safety-related SSCs from
effects associated with a failure of the equipment. Therefore, the staff concludes that systems
and components used for AP600 pressurizer relief discharge conform to the appropriate
guidelines of SRP 5.4.11, and are acceptable.

5.4.12 Reactor Coolant System High Point Vents

RCS high-point vents are provided to exhaust noncondensable gases accumulated in the
primary system that could inhibit natural circulation core cooling. 10 CFR 50.34(f)(2)(vi) requires
that the RCS be provided with high-point vents to maintain adequate core cooling, and that
systems to achieve this capability be capable of being operated from the MCR and that their
operation not lead to an unacceptable increase in the probability of a LOCA or an unacceptable
challenge to containment integrity.

In the AP600 design, noncondensable gases from the RCS are vented using either a reactor
head vent or, following an accident, the first-stage valves of the ADS connected to the
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pressurizer. In addition, the PRHRHX piping and the CMT inlet piping in the PXS also include a

high-point vent and are, therefore, in compliance with 50.34(f)(2)(vi).

The review of the AP600 RCS high-point vent design was performed in accordance with
Section 5.4.12 of the SRP as discussed below.

5.4.12.1 Reactor Vessel Head Vent System

The reactor vessel head vent system (RVHVS) is designed to remove noncondensable gases or
steam from the RCS, with a capacity to vent a volume of hydrogen at system pressure and
temperature almost equivalent to one-half of the RCS volume in one hour. The primary function
of the RVHVS is for use during plant startup to properly fill the RCS and vessel head. The
RVHVS valves also provides an emergency letdown path with a letdown flow rate within the
capabilities of the normal makeup system to prevent pressurizer overfill following long-term loss
of heat sink events.

The RVHVS consists of two parallel flow paths. Each contains two redundant, 2.54 cm (1 in)
open/close, solenoid-operated isolation valves in series, and a flow-limiting orifice downstream.
The system discharges to the IRWST. ‘

The solenoid-operated isolation valves are fail-closed, normally closed valves, powered by the
safety-related Class 1E dc and uninterruptible power supply (UPS) system. The RVHVS is
operated from the MCR, which has individual positive valve position indication and alarm.

These valves are included in the AP600 operability program with the IST requirements specified
'in Table 3.9-16 of SSAR, and are qualified to IEEE-323, IEEE-344, and IEEE-382.

The RVHVS is designed so that a single failure of the remotely operated vent valves, power
supply, or control system does not prevent isolation of the vent path. The two redundant
isolation valves in series minimize the possibility of RCPB leakage, and ensure that the failure of
any one valve does not inadvertently open a vent path.

The flow-limiting orifices limit the flow rate from the head vent path. Acceptance criteria 11.5 in
Section 5.4.12 of the SRP specifies that the size of the vent line should be kept smaller than the
'size corresponding to the definition of a LOCA to avoid unnecessary challenges to the
emergency core cooling system. Although the size of the vent pipe of 2.54 cm (1 in) is larger
than the size corresponding to the definition of a LOCA, the use of the orifices to restrict the flow
rate of the head vent to within the capabilities of the normal makeup system allows the AP600 to
meet the intent of this criterion.

In the event of a break of the RVHVS line, it wouid result in a small break LOCA of not greater
than 2.54 cm (1 in) diameter. Such a break is similar to the hot leg break LOCA analyzed in
Section 15.6.5 of the SSAR. The analysis results indicating no core uncovery apply to a RVHVS
line break.

The acceptance criteria of Section 5.4.12 of the SRP specifies that procedures should be
developed for use of the vent paths to remove gases that may inhibit core cooling from the
U-tubes of the SGs; and that the procedures to operate the vent system should consider when
venting is needed, and when it is not needed, with consideration of a variety of initial conditions,
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operator actions, and necessary instrumentation. The SG tube venting procedures are
described in Westinghouse’s response to RAI 440.142 and RAI 440.144. In the DSER, the staff
identified Open item 5.4.12.4-1, stating that these responses were under staff review. As
discussed below, the staff has completed its review. Therefore, Open ltem 5.4.12.4-1 is closed.

The primary function of the RVHVS is for use during plant startup to properly fill the RCS and
vessel head. During plant startup operations when the RV head is in place and the RCS is filled
water solid, the air in the RCS is vented through repeated procedures of (1) starting a RCP in
each SG for a short time with the high-point vents closed to allow collection of air in the RCS
high points, and (2) opening the vents to allow air trapped in the high points to be vented.
During an accident, the AP600 design relies on the passive safety-related systems such as the
PRHRHX to provide the safety-related function of core cooling, and therefore does not require
the SG U-tubes to be vented to provide coolability of the core. However, the RVHVS is used
under loss of heat sink events where the pressurizer level can increase and eventually become
water solid following long-term operation of the CMTs. To avoid this occurrence, the functional
restoration guidelines for high pressurizer level in the AP600 Emergency Response Guidelines
requires that the RV vent flow be established to provide a bleed path in response to high
pressurizer level conditions to reduce the RCS inventory and prevent pressurizer overfill. In this
case, the operator uses pressurizer level as the primary indication to control operation of the RV
head vent.

The RV head vent system consists of safety-grade equipment. The piping and equipment from
the vessel head vent up to and including the second solenoid valve constitute the RCPB, and
are designed and fabricated to ASME Code Class 1 requirements. The remainder of the piping
and equipment are design and fabricated in accordance with ASME Code Class 3 requirements.
The piping stresses meet the requirements of ASME Code, Section I, NC-3600, with a design
temperature of 343.3 °C (650 °F) and a design pressure of 17.23 MPa (2485 psig). The
RVHVS can be operated from the control room or the remote shutdown workstation. Each
solenoid-operated isolation vent valve has a position sensor with indication in the control room.
Inservice inspection and testing of the RVHVS is in accordance with Section 3.9.6 of the SSAR
for valves and Section 5.2.4 of the SSAR for ASME Code, Class 1 components that are part of
the RCPB. The RVHVS meets the acceptance criteria specified in Section Il or 5.4.12 of the
SRP, and is, therefore, acceptable. The resolution of TMI Action ltem 11.B.1, RCS High-Point
Vent, is addressed in Chapter 20 of this report.

5.4.12.2 ADS First-Stage Valves

As discussed in Section 5.4.6 above, the first-stage valves of the ADS provide the capability to
remove noncondensable gases from the pressurizer steam space following an accident. Gas
accumulations are removed by remote manual operation of the first-stage ADS valves. The
discharge of the ADS valves is directed to the IRWST.

The ADS is primarily designed to function as a part of the PXS. The ADS piping up to and
including the second isolation valve in series also constitutes the RCPB, and both the piping and
valves are designed, constructed, and inspected to ASME Code Class 1 and seismic Category |
requirements. The ADS valves are active valves required to provide safe shutdown or to
mitigate the consequences of postulated accidents. However, venting of noncondensable
gases from the pressurizer steam space is not required to provide safety-related core cooling
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following a postulated accident. Therefore, the acceptance guidelines of the SRP Section 5.4.12
do not apply to the ADS.

5.4.12.3 Passive RHR Heat Exchanger and Core Makeup Tank High-Point Vents

The PRHRHX inlet piping and the CMT pressure balance line piping in the PXS include
high-point vents that provide the capability for removing and preventing the accumulation of
noncondensable gases that could interfere with heat exchanger or CMT operation. These
gases are normally expected to accumulate when the RCS is refilled and pressurized following-
refueling. Any noncondensable gases that collect in this high point can be manually vented.
The discharge of the PRHRHX high-point vent is directed to the IRWST, and the discharge of
the CMT high-point vent is directed to the RCDT.

These high-point vent lines contain two manual isolation valves in series, so that a single failure
of either valve to reseat following venting operation does not prevent isolation of the flow path.
Each vent line also contains a flow-restricting orifice such that the break flow is within the
makeup capability of the CVS and, therefore, would not normally require actuation of the passive
safety systems.

5.4.13 Core Makeup Tank

There are two CMTs in the AP600 design as part of the passive core cooling system (PXS). In
the CMTs, cold borated water, under system pressure, is stored to provide high-pressure reactor
coolant makeup and boration for LOCA and for non-LOCA events, when the normal makeup

~ system is unavailable or insufficient. Section 6.3 of the SSAR describes the operation of the
CMTs in the PXS and the connections to the CMTs.

Several changes have been made to the CMT from the original SSAR as described in the
"AP600 Design Change Description Reports," dated February 15, 1994, and June 30, 1994.
These changes include the (1) installation of a diffuser to the inlet of each of the CMTs, and
(2) the elimination of pressurizer-CMT pressure balance lines.

In the DSER, the staff identified Open ltem 5.4.13-1, stating that Westinghouse should revise the |
SSAR to reflect these design changes. Open Item 5.4.13-1 is closed as Sections 5.4.13 and 6.3
of the SSAR have been revised to be consistent with the design changes described above.

5.4.13.1 Design Description

The CMT is a low-alloy steel vessel with a minimum free internal volume of 56.6 ni (2000 ft%),
and is supported on columns. The CMT injection line connects from one nozzle on the lower
head to the RV DVI piping. The discharge line contains two normally closed, fail-open, parallel
isolation valves, and two check valves in series. The CMT pressure balance line connects from
the top nozzle in the center of the upper head to one of the RCS cold legs. The pressure
balance line with the open flow path to the cold leg maintains system pressure. The top nozzle
incorporates a diffuser inside the tank. The bottom of the diffuser, which has the same diameter
and thickness as the connecting piping, is plugged and holes are drilled in the side to force the
steam flow to turn 90 degrees, which limits the steam penetration into the coolant in the CMT.
The diffuser is designed to reduce steam and hot water velocities entering the CMT, thereby
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minimizing potential water hammer and reducing the amount of mixing that occurs during initial
CMT operation. Two sample lines in the upper and lower head, respectively, are provided for
sampling the solution in the CMT. A fill connection is provided for makeup water from the CVS.

5.4.13.2 Design Bases

The CMT is a part of the RCPB and AP600 Class A.equipment, and is designed and fabricated
according to ASME Code, Section |, Class 1 component requirements. Materials of
construction are specified to minimize corrosion/erosion and to provide compatibility with the
operating environment, including the expected radiation level. The SSAR states, and the staff
agrees, that erosion is not an issue because there is normally no flow in the CMT. Those
portions of the CMT in contact with reactor coolant are fabricated from or clad with stainless
steel. Contamination of stainless steel and nickel-chromium-iron alloys by copper,
low-melting-temperature alloys, mercury, and lead is prohibited. The material selection and
water chemistry specification, and test and inspections of CMT are discussed in Sections 5.2.3
and 5.2.4, respectively, of this report.

5.4.13.3 Design Evaluation

The loading combinations, stress limits, and analytical methods for the structural evaluation of
the CMT for various plant conditions are discussed in SSAR Section 3.9.3. The requirements
for dynamic testing and analysis are discussed in Section 3.9.2. The transients used to evaluate
the CMT are founded on the system design transients described in SSAR Section 3.9.1.1. In
-addition to normal RCS transients, the evaluation of component cyclic fatigue of the CMT also
assumes 30 occurrences in the plant 60-year lifetime where a small leak draws in hot RCS fluid,
and 10 occurrences of increasing containment temperature above normal operating range.

The mechanical component design evaluation with respect to the RCS design transients;
requirements for dynamic testing and analysis; and loading combinations; stress limits; and
analytical methods for structure evaluation; are discussed in SSAR Sections 3.9.1, 3.9.2,

and 3.9.3, respectively. The staff evaluation of these sections are discussed in their respective
sections of this report. '

The functional performance of the CMTs is evaluated in Chapter 6.3 of this report, as part of the
PXS performance, as well as the safety analyses of various design basis transients and '
accidents in Chapter 15 of this report, to demonstrate its capability to comply with respective
acceptance criteria. In addition, various separate effects and integral system tests were
performed by Westinghouse to study thermal-hydraulic behavior and the phenomena of the PXS
and components, and to validate the codes used for the design basis analysis of transients and
accidents. In the DSER, the staff identified its review of the adequacy of the CMT as Open
ltem 5.4.13-2, pending review of outstanding RAI responses, computer codes, design-basis.
safety analyses, and information from the ongoing test program. The staff has finished its
review. The results of the staff's review are described in Section 6.3 and Chapters 15, and 21 of
this report. On the basis of these evaluations the staff concludes that the CMT design meets the
guidelines of SRP 6.3 and GDCs 2, 4, 5, 17, 36, and 37, and the PXS as a whole meets

GDCs 27, 34, and 35. Therefore the CMT design is acceptable, and Open ltem 5.4.13-2 is
closed. :
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5.4.14 Passive Residual Heat Removal Heat Exchanger

The passive residual heat removal heat exchanger (PRHRHX) is part of the passive core cooling
system (PXS). Its function is to remove core decay heat for any postulated non-LOCA event
where a loss of cooling capability via the SGs occurs. Section 6.3 of this report discusses the
operation of the PRHRHX in the PXS.

5.4.14.1 Design Description

The PRHRHX consists of a top and lower tubesheet mounted through the wall of the IRWST. A
series of 1.9 cm (0.75 in) outer diameter C-shaped tubes connect to the tubesheets, with the top
of the tubes located several feet below the IRWST water surface. An inlet channel head
mounted to the top tube sheet is connected through piping to one of the RCS hot legs. An outlet
channel head mounted to the bottom tube sheet is connected through piping to the SG cold-side
channel head. The primary coolant passes through the tubes, transferring decay heat to the
IRWST water. Sufficient thermal driving head is generated in the process to maintain natural
circulation flow through the heat exchanger. The design minimizes the diameter of the
tubesheets and allows ample flow area between the tubes in the IRWST.

The horizontal lengths of the tubes and lateral support spacing in the vertical section allow for
the potential temperature difference between the tubes at both cold and hot conditions. The
PRHRHX is welded to the IRWST. The tubes are supported in the IRWST interior with a frame
structure. The top of the structure supports a cover that traps and condenses steam during
initial activation of the PRHRHX, and helps to minimize the amount of humidity in containmenit.

Several design changes have been made to the PRHRHX from the original SSAR as described
in the "AP600 Design Change Description Report," dated February 15, 1994. These changes
include (1) a revision of the PRHRHX actuation logic, and (2) a change in the arrangement of the
heat exchanger motor operated valves.

In the DSER, the staff identified Open Item 5.4.14.4-1, stating that Westinghouse should revise
the SSAR to include the PRHR design changes discussed above. Westinghouse has revised
Sections 5.4.14, 6.3, and 7.3 of the SSAR to be consistent with the design changes described -
above. Therefore, Open ltem 5.4.14.4-1 is closed.

5.4.14.2 Design Bases

The PRHRHX, in conjunction with the PCS, is designed to be able to automatically remove core
decay heat for-an uniimited period of time. This capability requires a closed-loop mode of
operation where the condensate from steam generated in the IRWST is returned to the tank. If
no condensate is returned, the PRHRHX provides decay heat removal for at least 72 hours.
The PRHRHX and the IRWST are designed to delay significant steam release to the
containment for at least one hour. The PRHRHX will keep the reactor coolant subcooled and
prevent water relief from the pressurizer. In addition, the PRHRHX will cool the RCS to

204.4 °C (400 °F) in 72 hours, with RCPs operating or, if required, in the natural circulation
-mode, so that the RCS can be depressurized to reduce stress levels in the system.
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The PRHRHX is designed to withstand the design environment of 17.24 MPa (2500 psia) and
343.3 °C (650 °F) for 60 years. The PRHRHX is part of the RCPB, is AP600 class A equipment,
‘and is designed and fabricated according to the ASME Code, Section lll, asaClass 1-
component. Material specifications, compatibility with the operating environment, including the
expected radiation level, as well as the fabrication and processing of the stainless steel for the
PRHRHX as the RCPB are discussed in Section 5.2.3 of SSAR, with the staff evaluation
provided in the Section 5.2.3 of this report. Section 5.2.4 of the SSAR discusses the ISl and
testing of Class 1 components, which are applicable to the PRHRHX.

5.4.14.3 Design Evaluation

The loading combination, stress limits, and analytical methods for the evaluation of structural
integrity of the PRHRHX, and the transients used to evaluate the PRHRHX under various plant
conditions, are discussed in Sections 3.9.1 through 3.9.3 of SSAR. During normal plant
operation, the PRHRHX, without flow through it, is pressurized to the RCS hot leg pressure at
the IRWST temperature. Operation of the PRHRHX is evaluated using Service Levels B, C,

and D plant conditions, as described in SSAR Section 3.9.1.1. In addition to loads resuiting from
normal RCS transients and the PRHRHX operation, the evaluation also considers hydraulic
loads due to discharge of steam from the ADS valves into the sparger in the IRWST. Seismic,
LOCA, sparger activation, and flow-induced vibration loads are derived using dynamic modeis of
the PRHRHX. The dynamic analysis considers the hydraulic interaction between the coolant
and system structural elements. The evaluation of component cyclic fatigue also assumes two
additional Service Level B transients that affect only the PRHRHX:

. 30 occurrences in the plant 60-year lifetime where a small leak in the manway cover
draws in hot RCS fluid -

. 10 occurrences of increasing IRWST temperature as a result of an event that activates
passive core cooling

The staff evaluation of the mechanical component design with respect to the design transients;
requirements for dynamic testing and analysis; and loading combinations, stress limits, and
analytical methods for structure evaluation; are discussed in Sections 3.9.1, 3.9.2, and 3.9.3,
respectively, of this report. ”

The PRHRHX functional performance is evaluated in Chapter 6.3 of this report, as part of the
PXS performance. The safety analyses of various design-basis transients and accidents is
presented in Chapter 15 of this report to demonstrate the PXS capability to comply with
applicable acceptance criteria. In addition, various separate effects and integral system tests
were performed by Westinghouse to study thermal-hydraulic behavior and phenomena of the
PXS and components (including the PRHRHX), and to validate the codes used for the
design-basis analysis of transients and accidents. In the DSER, the staff identified Open

Item 5.4.14 .4-2, stating that the staff's review of the adequacy of the PRHRHX, as a part of the
overall operation of the PXS, was an open item pending review of outstanding RAI responses,
computer codes, design-basis safety analyses, and information from the ongoing test program.
The results of the staff's review of these areas are provided in Section 6.3 and Chapters 15,
and 21 of this report. On the basis of these evaluations, the staff concludes that the PRHRHX
design meets the guidelines of SRP 6.3 and GDCs 2, 4, 5, 17, 34, 36, and 37. Therefore, the
PRHRHX design is acceptable and Open Iltem 5.4.14.4-2 is closed.
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6 ENGINEERED SAFETY FEATURES

6.1 Engineered Safety Features Materials

In Section 6.1 of the AP600 Standard Safety Analysis Report (SSAR), Westinghouse provides
the AP600 design requirements for engineered safety features (ESFs) materials.

6.1.1 Structural Materials

General Design Criterion (GDC) 1 of Appendix A to 10 CFR Part 50 and 10 CFR 50.55a(a)(1)
require that structures, systems, and components (SSCs) important to safety shall be designed,
fabricated, erected, and tested to quality standards that shall be identified and evaluated to
determine their adequacy to assure a quality product in keeping with the required safety
function. The NRC staff reviewed the structural materials of the ESFs to ensure that the relevant
requirements of GDC 1 and 10 CFR 50.55a(a)(1) have been met as they relate to quality
standards for the design, fabrication, erection and testing of ESF components and the
identification of applicable codes and standards

GDC 4 requires that structures, systems, and components important to safety shall be designed
to accommodate the effects of and to be compatible with the environmental conditions
associated with normal operation, maintenance, testing, and postulated accidents, including
loss-of-coolant accidents (LOCAs). The staff reviewed the ESF structural materials to ensure
that the relevant requirements of GDC 4 have been met as they relate to the compatibility of
structures, systems and components with the various environmental conditions.

GDC 14 requires that the reactor coolant pressure boundary (RCPB) shall be designed,
fabricated, erected, and tested so as to have an extremely low probability of abnormal leakage,
of rapidly propagating failure, and of gross rupture. The staff reviewed the ESF structural
materials to ensure that they meet the relevant requirements of GDC 14 as they relate to the
design, fabrication, and testing of the RCPB so that an extremely low probability of abnormal
leakage, rapidly propagating failure, or gross rupture is achieved.

GDC 31 requires that the RCPB shall be designed with sufficient margin to assure that, when
stressed under operation, maintenance, testing, and postulated accident conditions, it will
behave in a nonbrittle manner and with minimum probability of rapidly propagating fracture. The
staff reviewed the ESF structural materials to ensure that the relevant requirements of GDC 31
have been met as they relate to an extremely low probability of rapldly propagating fracture or
gross rupture of the RCPB.

GDC 35 requires, in general, that an emergency core cooling system (ECCS) with abundant
capacity be provided. Included within GDC 35 is the requirement that, during activation of the
system, clad-metal water reaction is limited to negligible amounts. The staff reviewed the ESF
structural materials to ensure that the requirements of GDC 35 have been met as they relate to
assurance that the clad-metal water reaction is limited to negligible amounts.
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GDC 41 requires that containment atmosphere clean-up systems be provided to control fission
products, hydrogen, oxygen, and other substances that may be released into the reactor
containment. The staff reviewed the ESF structural materials to ensure that the requirements of
GDC 41 have been met as they relate to the control of hydrogen concentration in the
containment atmosphere following postulated accidents, to ensure that the containment integrity
is maintained. ‘

Appendix B, "Quality Assurance Criteria for Nuclear Power Plants," to 10 CFR Part 50
establishes the quality assurance requirements for the design, construction, and operation of
those systems that prevent or mitigate the consequences of postulated accidents that could
cause undue risk to the health and safety of the public. The staff reviewed the ESF structural
materials to ensure that the requirements of Appendix B have been met as they relate to the
establishment of measures to control the cleaning of material and equipment in accordance with
work and inspection instructions, to prevent damage or deterioration.

The engineered safety features are defined in Chapter 6 of the AP600 SSAR as consisting of
the containment vessel, the passive containment cooling system (PCS), the containment
isolation system (CIS), the containment hydrogen control system, the passive core cooling
system (PXS), the main control room emergency habitability system, and the fission product
system. The containment vessel is a free-standing cylindrical steel vessel with ellipsoidal upper
and lower heads. The PCS makes use of the containment vessel and the surrounding concrete
shield building, and includes among its component parts a water storage tank, a water
distribution system, an air baffle, and an air inlet and air exhaust. The CIS consists of the
numerous pipes, valves, and actuators that isolate the containment, including lines that
penetrate the containment and are part of the RCPB. The PXS comprises two core makeup
tanks, two accumulators, the in-containment refueling water storage tank, the passive residual
heat removal heat exchanger, the pH adjustment baskets, and associated piping, valves,
instrumentation, and other related equipment. More detailed descriptions of these and the other
systems are contained in later subsections of this Chapter.

The components of the ESF used in pressure-retaining situations are fabricated primarily from
austenitic stainless steels or other corrosion-resistant material, such as nickel-chromium-iron
(Ni-Cr-Fe) alloys. Where carbon steel is used in structures in contact with borated water, the
steel is clad with austenitic stainless steel. Other types of protective coatings are applied to the
surfaces of carbon steel structures not exposed to borated water or other fluids. These are
described in Section 6.1.2 of the SSAR. Valve seating surfaces are hardfaced to prevent failure
and minimize wear.

Information on'the structural materials used in the fabrication of the various ESFs is provided in
Section 6.1.1 of the SSAR. The staff reviewed this information in accordance with Section 6.1.1
of the Standard Review Plan (SRP). In the course of its review, the staff transmitted to
Westinghouse requests for additional information (RAls) concerning the ESF structural
materials, and received from Westinghouse responses to these RAls. In addition, several
discussions were held between staff and Westinghouse to help clarify and resolve outstanding
issues.

A listing of the pressure-retaining materials of the ESF is provided in Table 6.1-1 of the SSAR.

The table makes use of cross-referencing other sections in the SSAR for the materials of certain
components. The staff pointed out in the DSER that, in some of the cross-referencing
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instances, the cited sections did not contain the information needed. The staff requested that
Westinghouse revise the SSAR to provide this information and to identify the materials used by
specification, type, grade and heat treatment. This was Open Item 6.1.1-1. The staff also
requested that Westinghouse identify in the SSAR the specific weld metals used in fabricating
the components of the ESF by specification, type, grade, and so forth. This was Open

ltem 6.1.1-2. Westinghouse subsequently revised the SSAR to correct the omissions and to
provide specifications for all the ESF structural materials and the weld metals used in fabricating
ESF components. The staff review of the materials specifications for the pressure-retaining
components finds them in accordance with the requirements of Section lll of the American -
‘Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code. On this basis,
Open items 6.1.1-1 and 6.1.1-2 are closed.

Originally, the SSAR indicated that Ni-Cr-Fe alloy material would be used in fabricating some of
the ESF components. The staff requested that Westinghouse identify in the SSAR these
nickel-based alloys, together with their specification, type, grade, and heat treatment. This was
Open Item 6.1.1-3. The staff also asked Westinghouse to justify each application of a
nickel-based alloy and the weld metals for the AP600 (except for the reactor coolant pump
flywheel enclosure, discussed in subsection 5.4.1.4) and to address the reason(s) for the choice
of one nickel-based alloy over others. This was Open Item 6.1.1-4. Westinghouse
subsequently revised the SSAR to state that the use of Ni-Cr-Fe alloy as a structural material in
the ESF will be limited to alloy 690. As indicated in the previous paragraph, the revised SSAR
provides appropriate specifications for the material. The decision to use alloy 690 was on the
basis of its superior performance in pressurized-water reactor (PWR) primary water. The staff
believes the selection of alloy 690 as the preferred nickel-based alloy is prudent because of its
demonstrated improved resistance to stress corrosion cracking when compared with other
nickel-based alloys, such as Alloy 600. Alloy 600 is the only other nickel-based alloy to be found
in the ESF, but its use is limited to cladding or buttering applications. Open items 6.1.1-3 and
6.1.1-4 are closed.

In its SSAR and in a response to RAI 252.77, Westinghouse indicated that cobalt-based alloys
are specified for various ESF applications but that efforts are being made to replace these
materials with cobalt-free or low-cobalt content alloys. No definitive statements were made
regarding the specific applications where such substitutions would take place or the extent to
which cobalt had been eliminated from the ESF design. The staff requested that Westinghouse
indicate in the SSAR the base materials and/or the hardfacing materials and processes that are
to be used in lieu of the cobalt-based alloys. The staff asked Westinghouse to describe the test
programs in place to identify these materials, the results of such programs and the data that
ensure a 60-year design life. This was Open ltem 6.1.1-5. Westinghouse revised the SSAR to
state that hardfacing material in contact with the reactor coolant will be a qualified low- or
zero-cobalt alloy, equivalent to Stellite 6. The materials will be qualified through wear and
corrosion testing in nuclear industry programs, but results are not yet available. No specific -
alternative materials have been identified so the staff cannot assess the performance of such
materials at this time. However, the reduction or elimination of cobalt in the ESF is associated
with as low as is reasonable achievable (ALARA) considerations and has no direct safety
implications for the certified design of the AP600. The staff finds that the selection of
cobalt-based alloys for wear-resistant applications in the baseline ESF systems design is
acceptable on the basis of the adequate performance of such materials in similar applications in
current nuclear power plants. With respect to the substitution of low-cobalt or cobalt-free
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materials for these materials, such action would be prudent for improving the ALARA status of
the AP600. However, at this time, no qualified materials have been identified in the SSAR and
thus it is not possible to approve any for design certification. Open item 6.1.1-5 is considered
closed.

Section 6.1.1.2 of the SSAR refers to Section 5.2.3 for discussion of the fabrication and
processing of austenitic stainless steels and compliance to the guidelines of Regulatory Guides
(RGs) 1.31, "Control of Ferrite Content in Stainless Steel Weld Metal"; 1.34, "Control of
Electroslag Weld Properties"; and 1.44, "Control of the Use of Sensitized Stainless Steel." The"
Electric Power Research Institute's Advanced Light Water Reactor Utilities Requirements
Document (EPRI URD) describes (in Section 5.3.1.1) certain guidelines applicable to austenitic
stainless steels for the control of cold work, limitations on its use, and the surface grinding of
cold-worked material. The staff requested that Westinghouse address those aspects of the
fabrication and processing of ESF components made of austenitic stainless steels pertaining to
cold work that had not been addressed in the SSAR, and to identify those positions which
differed from the EPRI URD. This was Open ltem 6.1.1-6. Westinghouse revised

Section 6.1.1.2 of the SSAR to describe the controls placed on cold work in austenitic stainless
steels by reference to subsection 5.2.3.4. Section 5.2.3.4 of the revised SSAR specifically
addresses the area of cold work in austenitic stainless steels, indicating that it is in conformance
with all the guidelines contained in the EPRI URD and that there are no positions that differ from
those adopted in the EPRI URD. The staff found (in NUREG-1242) that the EPRI URD criteria
for fabrication of cold-worked austenitic stainless steel parts are adequate and thus the positions
adopted in the AP600 design are acceptable. Therefore, Open Item 6.1.1-6 is closed.

Fabrication and welding of austenitic stainless steels for ESF components will meet the
guidelines of RGs 1.31 and 1.44. A combined license (COL) applicant should review the vendor
fabrication and welding procedures to ensure that these guidelines are followed. The staff
requested that Westinghouse include COL Action item 6.1.1-1 to address this requirement. This
was Open ltem 6.1.1-7. Westinghouse subsequently revised the SSAR by adding Section 6.1.3,
"Combined License Information Item," which states that COL applicants will address review of
vendor fabrication and welding procedures or other quality assurance methods to judge
conformance of austenitic stainless steels with RGs 1.31 and 1.44. On this basis, Open

Item 6.1.1-7 is closed.

Materials used in the fabrication of ESF components should be selected after consideration of
the possibility of degradation during service. The staff requested that Westinghouse provide
information to confirm that the materials selected for the ESF components exposed to the
reactor coolant conform to Section Il of the ASME Code, in particular Subarticles NB-, NC- and
ND-2160, and NB-, NC- and ND-3120, as appropriate. This was Open Item 6.1.1-8. Subarticles
NB-, NC- and ND-2160 are concerned with the deterioration of materials while in service,
specifically with respect to changes in properties as distinct from loss of material. For example,
valves and other components that may be made of cast austenitic stainless steel could
deteriorate over time as a result of thermal embrittlement unless provisions are made to control
the ferrite content. In the design of the AP600 ESF, the materials specifications for the
pressure-retaining valves in contact with the reactor coolant are the same as those used for the
RCPB valves and piping. Subarticles NB-, NC-, and ND-3120 require, in part, consideration of
the effects of corrosion, erosion, and abrasive wear (Subarticles NB-, NC-, and ND-3121) and
with environmental effects (specifically, irradiation-induced changes) (Subarticles NB-, NC-, and
ND-3124). Discussion of the corrosion and compatibility of those ESF materials in contact with
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the reactor coolant during service is included in Section 5.2.3 of this report. The materials
selected for the ESF have demonstrated satisfactory performance in operating nuclear power
plants and their selection is consistent with current practices. Corrosion is expected to be
negligible on the basis of inservice observations and the resuits of extensive test programs. The
neutron flux received by the ESF components will be sufficiently low that no irradiation-induced
changes are expected. Open ltem 6.1.1-8 is closed.

The discussion in the previous paragraph addressed degradation of materials during normal
service. In some postulated post-accident situations, the containment could be flooded with
water containing boric acid. Exposure of austenitic stainless steel to this solution for any
prolonged period may induce stress corrosion cracking. In the design of the AP600, the
potential for this is minimized by the release of trisodium phosphate (TSP) from the pH
adjustment basket into the containment sump. This action is controlled so that the pH of the
sump fluids rises to above 7.0 and is thus consistent with the guidance of the NRC Branch
Technical Position (BTP) MTEB-6.1, "pH for Emergency Coolant Water for PWRs," regarding
protection of austenitic stainless steel from stress corrosion cracking.

An additional postaccident situation involves the exposure of surfaces of components within
containment, that may contain aluminum and zinc, to containment sump fluid. Chemical attack
of these surfaces results in the production of hydrogen. The hydrogen generation rate depends
‘on the corrosion rates of these materials, which, in turn, are dependent on factors such as the
fluid chemistry and pH, the metal and fluid temperatures, and the surface area exposed to attack
by the fluid. The AP600 SSAR analyzes this potential situation using estimates of the inventory
of aluminum and zinc in containment and corrosion data for these metals that reflect
temperature change over time following a LOCA accident. SRP 6.1.1 provides, in part, for the
review of these corrosion rates, as a subset of the review of the complete hydrogen control
system, which is addressed in Section 6.2.5 of this report. The corrosion rate data used in the
AP600 design are given in Table 6.2.4-5 of the SSAR and were compared with the guidance
provided in RG 1.7, "Control of Combustible Gas Concentrations in Containment Following a
Loss-of-Coolant Accident,” and with published corrosion rate data for aluminum and zinc. '
RG 1.7 states that an acceptable value for aluminum corrosion rate in alkaline solution is

0.508 cm/yr (200 mils/yr). This value should be adjusted upwards for higher temperatures
existing early in the accident sequence. The aluminum corrosion rates provided in Table 6.2.4-5
of the SSAR range from 104 cm/yr (41,000 mils/yr), immediately after an accident, to

0.523 cm/yr (206 mils/yr) after elapse of 11 hours. These values are well above the corrosion
rates specified in RG 1.7 and the published corrosion rate data. RG 1.7 provides no guidance
concerning acceptable values for zinc corrosion. However, the published corrosion rate for zinc
in slightly alkaline water is 0.01 cm/yr (4 mils/yr). This value is significantly below the corrosion
rates provided in Table 6.2.4-5 which are 0.03 cm/yr (118 mils/yr), immediately after an accident,
and 0.02 cm/yr (8 mils/yr) after elapse of 11 hours. It is thus concluded that the data provided in
Table 6.2.4-5 of the SSAR are reasonable, contain a degree of conservatism, and are,
appropriate for use in estimating hydrogen generation due to corrosion of these materials in a
postaccident situation. (The AP600 design does not have a safety-related containment spray
system, and accordingly, the review guidelines of Section 6.1.1 of the SRP regarding
containment spray systems are not applicable.)

GDC 4 requires that all components important to safety be compatible with the environmental
conditions. Materials selected for use in the construction of an ESF should be compatible with
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the ESF fluids. This includes consideration of any nonmetallic materials that might be used, to
ensure that their presence will not lead to deterioration of the ESF materials of construction. A
major concern is that the presence of certain non-metallics can lead to the enhanced potential
for corrosion and stress corrosion cracking. The EPRI URD (in Section 5.2.8) specifies that the
impurity levels of nonmetallic materials used within the nuclear steam supply system and
associated systems shall be controlled within certain specified limits. The staff requested that
Westinghouse discuss, in the SSAR, its chemical content controls for non-metallic materials to
protect ESF components and to identify those positions related to chemical content control that
differ from the EPRI URD. This was Open ltem 6.1.1-9.

The EPRI URD requirement is intended to address a concern related to those non-metallic
materials used infrequently or in the course of construction, installation, and testing where
subsequent cleaning is not practical or can be omitted to reduce maintenance time. Thus it
includes such materials as cutting fluid, lubricants, abrasive adhesives, and tape. Westinghouse
revised the SSAR to indicate that appropriate measures will be taken to avoid such
contamination in the handling, storing, and cleaning of the austenitic stainless steel ESF
components during the fabrication, installation, and testing phases. The position adopted by
Westinghouse related to control of nonmetallic materials is in conformance with the
recommendations contained in the EPRI URD. The staff found (in NUREG-1242) that the EPRI
URD recommendations with respect to prevention of contamination of austenitic stainless steel
parts by nonmetallic materials are adequate; and thus, the position adopted by Westinghouse
regarding cleanliness controls on ESF components is acceptable. Open Item 6.1.1-9 is closed.

The thermal insulation used in the AP600 containment will be predominantly of the reflective
metallic type. Any fibrous insulation used will be enclosed in stainless steel cans. The SSAR
further states that any nonmetallic thermal insulation used in the design of the AP600 ESF will
be in conformance with RG 1.36, "Nonmetallic Thermal Insulation for Austenitic Stainless
Steels,” with regard to leachable concentrations of chloride, fluoride, and silicate ions. Such
actions ensure that the potential is extremely low for failure of the austenitic stainless steel
pressure boundary components because of stress corrosion cracking resulting from the
presence of contaminants in the thermal insulation.

The staff concludes that Westinghouse's specifications concerning the materials to be used in
the fabrication of the ESFs are acceptable and meet the relevant requirements of GDCs 1, 4, 14,
31, 35, and 41 of Appendix A to 10 CFR Part 50; Appendix B to 10 CFR Part 50; and

10 CFR 50.55a. This conclusion is drawn on the basis of the following observations:

. The materials selected for ESFs satisfy Appendix | of Section 1l of the ASME Code, and
Parts A, B, and C of Section Il of the Code. Cold-worked stainless steels meet the staff
position that the yield strength of cold-worked stainless steels shall be less than
620.5 MPa (90,000 psi). The fracture toughness of the ferritic materials will meet the:
requirements of the ASME Code. Thus, the design of the AP600 ESF meets the
requirements of GDCs 1, 14, and 31, and 10 CFR 50.55a, with regard to ensuring an
extremely low probability of leakage, rapidly propagating failure, or gross rupture.

. The controls imposed on the austenitic stainless steel of the systems conform to the
recommendations of, or proposed acceptable alternative approaches to, RG 1.44 as
. discussed in detail in Section 5.2.3.4 of the SSAR. The detailed evaluation of meetlng
these RG recommendations is in Section 5.2.3 of this report.
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Conformance with the ASME Code, the RGs, and staff positions mentioned above
constitutes an acceptable basis for meeting the requirements of GDCs 1, 4, 14, 35, and
41, as well as 10 CFR 50.55a and Appendix B to 10 CFR Part 50, in which the systems
are to be designed, fabricated, and erected to perform their functions as required.

The controls to be placed on concentrations of leachable impurities in non-metallic
thermal insulation used on components of the AP600 ESF follow the recommendations
of RG 1.36, "Nonmetallic Thermal Insulation for Austenitic Stainless Steels." Compliance
with the recommendations of RG 1.36 form a basis for meeting the requirements of
GDCs 1, 14, and 31, and Appendix B to 10 CFR Part 50 with respect to ensuring that the
reactor coolant boundary and associated auxiliary systems will have an extremely low
probability of leakage, rapidly propagating failures, or gross rupture.

The controls on the pH and chemistry of the emergency core cooling water, following the
LOCA or design-basis accident, are adequate to reduce the probability of stress
corrosion cracking of austenitic stainless steel components and welds of the ESF
systems in containment throughout the duration of the postulated accident to completion
of cleanup. Thus, the ESF components in the AP600 design meet the requirements of
GDCs 4, 35, and 41, and of Appendix B to 10 CFR Part 50, regarding compatibility with
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents, including LOCAs. Because the AP600 design does not have a
safety-related containment spray system, review of such systems, required by

Section 6.1.1 of the SRP, is not applicable.

The control of pH of the cooling water, in conjunction with controis on selection of
containment materials, is in accordance with RG 1.7, "Control of Combustible Gas
Concentrations in Containment Following a Loss-of-Coolant Accident,” and provides
assurance that the cooling water will not give rise to excessive hydrogen gas evolution
resulting from corrosion of containment metal, or cause serious deterioration of the
materials in containment.

The controls on the pH and chemistry of the ECCS solutions meet the staff's positions on
postaccident chemistry requirements for PWR emergency coolant water, as detailed in
the Branch Technical Position MTEB BTP 6-1, "pH for Emergency Coolant Water for
PWRs." The design also meets the requirements of GDC 14 for ensuring the low
probability of abnormal leakage or failure of the reactor coolant pressure boundary and
safety-related structures. The staff concludes that the proposed pH for emergency
cooling water is acceptable.

The controls to be placed upon component and system cleanup are in accordance with
recommendations of RG 1.37, "Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants.” These
controls provide a basis for concluding that the components and systems will be pro-
tected against damage or deterioration by contaminants as stated in the cleaning
requirements of Appendix B to 10 CFR Part 50.
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6.1.2 Coatings

The staff reviewed the use of coatings in accordance with Section 6.1.2 of the SRP. The -
protective coating systems are acceptable if the protective coatings that will be applied inside
and outside the AP600 containment meet the requirements of Appendix B to 10 CFR Part 50
with regard to the quality assurance requirements for the design, fabrication, and construction of
safety-related structures, systems, and components.

To meet the requirements of Appendix B to 10 CFR Part 50, an applicant must specify that the
protective coatings in containment conform to the testing requirements of ANSI N101.2-1972,
"Protective Coatings (Paints) for Light Water Reactor Containment Facilities,”" and the quality
assurance guidelines of RG 1.54. This provides assurance that the protective coatings will not
fail under design-basis accident (DBA) conditions, and will not generate significant quantities of
solid debris that would adversely affect the performance of the ESF.

However, in the AP600 design, Westinghouse regarded the coatings as being
non-safety-related. Westinghouse proposed to eliminate the quality assurance (QA)
requirements for applied coatings (paints) of ANSI Standard N101.4-1972, as conditionally
endorsed by RG 1.54, on the premise that coatings are classified as non-safety-related.

The staff was not convinced that all coatings for the AP600 containment should be classified as
non-safety-related. The staff was concerned that improperly applied coatings within
containment may detach and thus prevent safety-related components from performing their
functions. On the basis of recent experiences with operating reactors, concerns have been

raised over the potential for unqualified coatings, or incorrectly applied qualified coatings, in
conjunction with other LOCA-generated debris to cause blockage of the sump screens. This
was identified as DSER Open item 6.1.2-1.

In response to this item, Westinghouse revised its AP600 SSAR. Revision 22 of the SSAR
included Table 6.1-2, “AP600 Coated Surfaces, Containment Shell and Surfaces Inside
Containment.” Table 6.1-2 classified as safety-related the coatings that will be applied over the
following surfaces:

) all outside containment shell surfaces above Elevation 135'-3"
(2) all inside containment shell surfaces 7 feet above the operating deck
(3) areas inside the containment surrounding the containment recirculation screens.

The rest of the areas inside and outside of the AP600 containment are classified as -
non-safety-related. -

For items 1 and 2 above, the staff agrees with Westinghouse that these coatings should be
considered safety-related. Specifically, the inorganic zinc coating on the outside of containment
promotes wettability of the outside surface of the containment shell so that the PCS water
draining from the passive containment cooling water storage tank (PCCWST) forms a thin film
that effectively spreads over the containment shell surface. The inorganic zinc coating on the
inside of the containment shell has been included in PCS testing and analysis and as a result is
considered safety-related. For item 3 above, the staff agrees with Westinghouse that these
coatings should be considered safety-related. This determination is consistent with the
assumption that the coatings in this area could cause blockage of the recirculation screens. See
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section 6.2.1.8 of this report for additional discussion concerning coating transport analysis. In
addition, Westinghouse states in SSAR Section 6.1.2.1.6 that Appendix B to 10 CFR Part 50 will
apply to procurement of non-safety-related coatings used inside containment on internal
structures, including walls, floor slabs, structural steel, and the polar crane, except for surfaces
located inside the chemical and volume control system room. Non-safety-related coatings used
in the chemical and volume control system room are not subject to procurement under 10 CFR
50, Appendix B, because the room is connected to the containment in a limited way through a
drain line. The commitment to Appendix B to 10 CFR Part 50 for the non-safety-related coatings
mentioned above is consistent with the assumptions in Westinghouse’s coating transport
analysis discussed in Section 6.2.1.8 of this report. The staff finds the information in SSAR
Revision 22 associated with this issue acceptable and, therefore, DSER Open ltem 6.1.2-1 is
closed. '

The AP600 design uses "high-top” coatings, which are significantly thicker than the coatings
used in the past. Therefore, high-top coatings will need to be evaluated for their potential effect
on other systems if they should fail during accident or LOCA conditions. Westinghouse was
required to indicate that coatings inside containment will be qualified and correctly applied to
provide adequate corrosion protection of painted structures and components. Westinghouse
was also required to supply data and an in-depth analysis to justify use of new coating types
(such as "high-top" coatings) inside containment. This was identified as DSER Open

ltem 6.1.2-2. Westinghouse revised Section 6.1.2.1.6 of the SSAR to address this item.
Revision 22 of the SSAR states that safety-related coatings used in the AP600 meet the
pertinent provisions of Appendix B to 10 CFR Part 50, and that the quality assurance program
for such coatings conforms to the requirements of ASME NQA-1-1983 as endorsed in
Regulatory Guide 1.28. The SSAR also states that safety-related coatings used in the AP600
are tested for radiation tolerance for performance under design-basis accident conditions. In
addition, the SSAR states that the coating applicator submits and follows acceptable procedures
to control surface preparation, application of coatings and inspection of coatings. For
safety-related coatings the painters are qualified and certified, and the inspectors are qualified
and certified. The SSAR further states that the procurement, application, and monitoring of
safety-related coatings are controlled by a program consistent with the positions in RG 1.54 (as
identified in SSAR Appendix 1A) and prepared by the Combined License applicant. Thisis COL -
Action ltem 6.1.2-1. This is acceptable to the staff because only qualified and properly applied
safety-related coatings will be used and is consistent with the guidance in RG 1.54. Therefore,
DSER Open Item 6.1.2-2 is closed. However, during its review, the staff requested
Westinghouse to clarify its description of the conformance of the AP600 with RG 1.54
(discussed in Appendix 1A of the SSAR). In addition, Westinghouse has agreed to make some
editorial changes to SSAR Section 6.1.3.2. The incorporation of these changes into the SSAR is
FSER Confirmatory Iltem 6.1.2-1. Subsequent to the issuance of the advance FSER
Westinghouse provided the above information is SSAR revision 23. Therefore, FSER
Confirmatory ltem 6.1.2-1 is closed.

The source term used for estimating the radiolysis of water and its contribution to hydrogen
production in Section 6.2.4.3.1.2 of the SSAR differs significantly from the source term
recommended in RG 1.7. The stated reason is that the expected radioactive inventory in the
coolant and the containment sump will be much lower for a LOCA, because the amount of core
damage would be lower than considered in RG 1.7. The staff concluded that the SSAR should

6-9 NUREG-1512



Engineered Safety Features

indicate whether these changes in the recommended practices result in a reduction of the
amount of predicted hydrogen production. This was identified as DSER Open Item 6.1.2-3.

Westinghouse addressed this issue by stating that because of the mechanisms involved in
radiological generation of hydrogen, it is expected that the amount of hydrogen generated will be
considerably lower than specified in RG 1.7. In addition, in design basis loss of coolant
accidents, there is expected to be no damage to the core and thus no release of activity from the
core to the sump solution. However, the source term used for determining radiolytic production
of hydrogen is conservatively based on guidance of RG 1.7. The staff reviewed this information
and found that the prediction of hydrogen generation by radiolysis has a sufficient degree of
conservatism. Therefore, DSER Open ltem 6.1.2-3 is closed.

6.2 Containment Systems

The containment systems for the AP600 design conSi_st of the following three components:
&) a steel vessel as the primary containment

(2) a shield building surrounding the primary containment which provides external missile
protection and is also a principal component of the passive containment cooling system

3) supporting systems

The primary containment serves both to prevent the uncontrolled release of radioactivity to the
environment and to act as the passive safety-grade interface to the ultimate heat sink.

The primary containment has a design leakage rate of 0.10 weight percent (w/o) of the original
containment air mass per day following a DBA. This value is determined by the containment
design pressure of 411.6 kPa (45 psig). The limiting calculated peak pressure occurs for a main
steamline break (a 0.129 n? (1.388 ft*) nominal area break) and full double-ended rupture from
30 percent power with a main steam isolation vaive (MSIV) failure, and is 405.4 kPa (44.1 psig).

As the interface to the ultimate heat sink (the surrounding atmosphere and external cooling
water), the primary containment is an integral component of the PCS described in Section 6.2.2
of this report. The exterior of the containment vessel provides a surface for evaporative film
cooling and works in conjunction with the natural draft air flow created by the shield building
baffle and chimney arrangement to reduce the pressure and temperature of the containment
atmosphere following a DBA.

6.2.1 Primary Containment Functional Design

The AP600 primary containment consists of a 39.62 m (130 ft) diameter cylindrical steel shell
with ellipsoidal upper and lower heads and a nominal wall thickness of 4.13 cm (1.625 in.). The
wall thickness is increased by 0.317 cm (0.125 in.) in the transition region where the cylindrical
shell enters the concrete embedment in order to provide a margin against corrosion. The wall
thickness is also increased near primary containment penetrations to structurally compensate for
these openings. The primary containment will enclose the nuclear steam supply system (NSSS)
(i.e., reactor vessel, steam generators, reactor coolant pumps, pressurizer, and associated
connecting piping), the in-containment refueling water storage tank (IRWST), the core makeup

NUREG-1512 6-10




Engineered Safety Features

tanks (CMTs), the accumulator tanks, and the refueling canal. Additionally, the primary
containment houses associated mechanical; electrical; and heating; ventilation; and air
conditioning (HVAC) support components.

The primary containment shell is supported by embedding the lower head between the concrete
of the containment internal structures and the concrete encasement external to the containment
vessel. There is no structural connection between the free-standing portion of the containment
and the adjacent structures, other than penetrations and their supports, and the supports for the
baffle wall of the PCS. Thus, the portion of the cylindrical primary containment shell above the
support region elevation 30.48 m (100 ft) is structurally independent.

The primary containment has a net free volume of 48,988 n (1,730,000 ft) and is designed to
withstand pressures and temperatures resulting from a spectrum of primary coolant and
steamline pipe breaks. The primary containment design parameters consist of an internal
design pressure of 411.6 kPa (45.0 psig) and a design temperature of 138 °C (280 °F).

The following AP600 containment design features are compared with those of a typical
Westinghouse two-loop design in Table 6.2-1 of this report:

. containment structure type

. power level

. containment free volume

. design pressures

. design temperatures _
. calculated peak DBA containment pressures and temperatures

. heat removal systems -

. hydrogen control systems

. containment penetrations

A number of insights and conclusions can be drawn from Table 6.2-1. The AP600 containment
design represents a significant change from Westinghouse's previous two-loop design, which
consisted of a steel containment vessel with a reinforced concrete, pressure-controlled
secondary containment. ’

The AP600 free volume is considerably larger than that of previous Westinghouse two-loop
containments. Although this larger volume is expected when comparing the AP600 design to
Westinghouse's lower-power plants, the comparative ratios of containment free volume to power
show that the APB00 containment design has a considerably larger free volume-to-power ratio
than is found in Westinghouse's other designs. This ratio is 22.6 ni/MW (800 f/MW) for
Westinghouse's earlier two-loop design, and 25.2 n?/MW (892 f/MW) for the AP600. This ratio
indicates that the AP600 containment is a more robust design, because there is more ‘
containment volume available per thermal megawatt.

Table 6.2-1 of this report also shows that the external design pressure of the AP600

containment (20.7 kPa (3.0 psig)) is greater than that of a typical two-loop plant (5.5 kPa or
(0.8 psid)). It should be noted that the vaiue for the AP600 is founded on ASME Service
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Table 6.2-1 Comparison of Westinghouse Containment Design Features

Parameter

AP600

1650 MWt

Power, MWt

1940

1650

Type of containment
structure

4.1 cm (1.625 in.) thick steel
cylindrical primary
containment with top and
bottom dome, surrounded by
concrete shield building

3.8 cm (1.5 in.) thick steel
cylindrical primary
containment with top and
bottom dome, 0.76 m (2.5 ft)
thick reinforced concrete
cylindrical secondary
containment

Secondary containment No Yes
Free volume (1.73E+06 ft) 4.9x10*° m® (1.32E+06 f£*) 3.7x10* m®
Volume-to power ratio (892 ftY/MW) 25.2 nP/MW (800 ft/MW) 22.6 n?/MW

Internal design pressure

(45 psig) 411.6 kPa

- (46 psig) 418.5 kPa

External design pressure

(3.0 psid) 20.7 kPa

(0.8 psid) 5.5 kPa

Design temperature

(280 °F). 138 °C

(268 °F) 131 °C

Design leak rate,
weight %/day

0.12

0.5

Calculated peak internal
pressure (design margin)

(44.1 psig) 405.4 kPa
(1.5 %)

(42.2 psig) 392.3 kPa
(-8 %)

Calculated peak external
pressure (design margin)

(2.0 psid) 13.8 kPa
(33 %)

(0.5 psid) 3.45 kPa

Heat removal system

PCS and non-safety-grade
fan coolers

safety-grade fan coolers and
containment sprays

containment isolation valves

2. Class 1E DC
motor-operated
valves

Combustible gas control sys- | 1. DBA - passive - 1. DBA - hydrogen
tem autocatalytic thermal recombiners
recombiners (Class 1E ac power)
2. severe accidents - 2. Severe accidents -
hydrogen igniters NA
Number of penetrations ~40 ~100
Motive power for 1. air-operated valves Class 1E AC motor-operated

valves
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Level A cohsiderations, while that of the two-loop plant is founded on ASME Section Vill. The
external design pressure is further discussed in Section 6.2.1.1 of this report.

At the time the DSER was issued, the source term methodology to be applied to AP600 was not
yet firm. This was DSER Open Item 6.2.1-1. The staff evaluated the ability of the AP600 design
to comply with the relevant dose limits of 10 CFR 50.34 and GDC 19 in Section 15.3 of this
report. That evaluation assumed a 0.10 weight percent per day leak rate from the AP600
containment. Operating plants have demonstrated the ability to verify a design leak rate as low
as 0.10 weight percent per day. Therefore, the staff finds that a design leak rate of

0.10 weight percent per day is acceptable for the AP600 and Open Item 6.2.1-1 is closed.

Furthermore, the original AP600 design did not have containment sprays, which makes natural
deposition on surfaces in containment far more important than in past designs. The elimination
of containment sprays from the design required further staff review. This was Open

Item 6.2.1-2. Westinghouse added non-safety-related containment sprays as described in
Section 6.5.2 of the SSAR and evaluated by the staff in Section 19.2.3.3.9 of this report.
Therefore, Open Item 6.2.1-2 is closed.

The containment design pressure margin is discussed in Section 6.2.1.1 of this report.
Westinghouse presented a design capability for external pressure of 20.68 kPa (3.0 psid).
However, Westinghouse did not submit any values for the peak calculated external pressure;
therefore, this value was not entered in the table. This was Open Item 6.2.1-3.
Subsequently, Westinghouse calculated a peak external pressure of 2.0 psid (13.8 kPa).
Therefore, Open Item 6.2.1-3 is closed.

The reliance of the AP600 on cooling by naturally occurring physical phenomena represents a
significant difference from other Westinghouse designs. The heat removal system for the
AP600 containment is the PCS, which is described in detail in Section 6.2.2 of this report. A
principal feature of the system is that it relies on gravity-driven flow and natural circulation to
perform its cooling function. Previously licensed Westinghouse plants use containment sprays
and fan coolers, which rely on active components (i.e., pumps and fans) to function. The
performance validation of the PCS was still ongoing by Westinghouse, and staff review was
continuing. This was Open ltem 6.2.1-4. The performance validation of the PCS has been
completed by Westinghouse, and the staff review is presented in Section 21.6.5. Therefore,
Open Item 6.2.1-4 is closed.

Table 6.2-1 of this report indicates that both the AP600 and the typical Westinghouse two-loop
design use thermal recombiners to limit the hydrogen concentration resulting from a DBA. The
primary difference between the AP600 and other Westinghouse designs is that the AP600
hydrogen thermal recombiners are powered by non-safety-grade ac power, whereas those of
previous plants are powered from safety-grade ac power. While the hydrogen concentrations
provided by Westinghouse in Section 6.2.4 of the SSAR appear to be similar to those of
previously licensed plants, the staff had not yet performed confirmatory calculations. These
calculations were to be performed after the issue of powering the thermal recombiners with
non-safety-grade ac power was resolved. This was Open Item 6.2.1-5.

The AP600 has been provided with passive autocatalytic recombiners, as described in
Section 6.2.4 of the SSAR, to limit hydrogen concentration resulting from a DBA. The staff's
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evaluation of the passive autocatalytic recombiners for combustible gas control is contained in
Section 6.2.5 of this FSER. This closes Open ltem 6.2.1-5.

Table 6.2-1 of this report also shows that the AP600 containment has considerably fewer
mechanical penetrations (approximately 40) than a typical two-loop design (approximately 100).
Additionally, the containment isolation valves in the AP600 are primarily either air operated or
motor operated by safety-grade DC power. In previous designs, containment isolation valves
were typically motor-operated valves powered from safety-grade AC. The staff’'s evaluation of
the containment isolation system is contained in Section 6.2.4 of this report.

Compliance with Requlatory Requirements

The Westinghouse AP600 containment evaluation model is based on assumptions that
maximize the initial stored energy within containment and minimize the rate of heat transfer from
containment. The approach taken for the AP600 containment analysis has evolved from the
approach used for the WGOTHIC 1.0 and WGOTHIC 1.2 analyses. To address staff concerns
with some of the assumptions and modeling features employed, Westinghouse has developed a
model and uses assumptions and boundary conditions that are more consistent with current
practices for containment analyses for current operating reactors. The approach is consistent
with the guidance provided in SRP 6.1.1.2.A, “PWR Dry Containments, Including
Subatmospheric Containments.” The review of WGOTHIC 4.2 and the AP600 evaluation model
can be found in Section 21.6.5

Compliance with 10 CER 50, Appendix A

The current guidance for demonstrating that a containment design complies with GDCs 16, 38
and 50 is delineated in Chapter 6.2 of the Standard Review Plan (SRP). The SRP addresses
acceptance criteria and some specific model assumptions for design basis LOCA and MSLB
analyses for all existing containment types. Westinghouse elected to evaluate the PCS
performance using these current guidelines. The Westinghouse documentation for the AP600
evaluation model (EM) is consistent with the guidelines in SRP Sections 6.2.1 and 6.2.1.1.A, as
well as Regulatory Guide 1.70. Westinghouse also uses approved methods for the LOCA and
MSLB mass and energy releases, and foliows the guidance provided in SRP Sections 6.2.1.3
and 6.2.1.4, respectively.

Peak Pressure Criteria (GDCs 16 and 50)

Acceptance criteria for existing containments include a margin between the design pressure and
a conservatively calculated peak accident pressure. The margin varies from 10 percent at the
construction permit (CP) stage to a peak calculated pressure “less than the containment design
pressure” at the operating license (OL) stage. Thus, even in instances where much data and
information are known, and the staff possessed an independent, confirmatory calculational
capabiiity, a 10 percent margin was expected at the CP stage to cover uncertainties in meeting
GDCs 16 and 50 following final construction, at the OL stage.

For the AP600 containment, Westinghouse proposed a criterion that the calculated peak
accident pressure not exceed the design pressure (a zero-margin criterion). In meeting this
criterion, Westinghouse has stated that it uses a conservative approach consistent with current
staff guidelines. For design certification, under 10 CFR Part 52, the staff does not necessarily
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need the same demonstration of margin as normally expected at the CP stage. An appropriate
initial test program, combined with appropriate inspections, tests, analyses, and acceptance

. criteria (ITAAC), is in place to assure that the assumptions and performance characteristics of
the AP600 containment and the PCS, as used in the licensing analyses, are verified prior to
operation.

On the basis of the evaluation presented in Section 21.6.5 of this report, the staff has
determined that the WGOTHIC computer program, combined with the conservatively biased
APG600 evaluation model, is acceptable for the evaluation of the peak containment pressure -
following a design basic accident. Although the WGOTHIC code itself is essentially a
best-estimate tool, Westinghouse has taken a conservative approach in the evaluation _
methodology (EM) it is using to support design certification. The AP600_ WGOTHIC EM uses
conservative values which bound the range of most inputs, and applies conservative multipliers
on the correlations used for PCS heat and mass transfer. Conservative models are used in the
AP600 WGOTHIC EM to address the following areas:

lumped-parameter network representation

noncondensible circulation and stratification
- PCS flow and heat transfer models

dead-ended and liquid-filled compartments

During the peak pressure period (up to 1200 seconds for LOCA, and up to 600 seconds for
MSLB), these conservatisms compensate for the uncertainties introduced by the use of passive
safety features, leading to an overall conservative result for the calculated peak containment
pressure. :

Long Term Pressure Analysis (GDC 38)

. The objective of the long-term pressure analysis is to demonstrate that the containment design
conforms to the objectives of 10 CFR Part 50 Appendix A, Criterion 38.

In Item ll.b of Section 6.2.1.1.A of the SRP, the staff guidance used to evaluate compliance with
GDC 38, "Containment Heat Removal," is the containment pressure should be reduced to less
than 50 percent of its peak vaiue within 24 hours of the occurrence of a design-basis LOCA.
This assures that the containment leak rate used for the siting evaluation is consistent with the
design basis analysis assumption. In current operating reactors, credit for this 50 percent
reduction in pressure is considered in the siting evaluation. Westinghouse does not credit any
leakage reduction due to decreased pressure. The siting evaluation is performed with a
constant, design basis leak rate. Westinghouse had originally proposed that the pressure
reduction be based on 50 percent of the design pressure to be consistent with current guidelines
related to GDC 38. The staff found this approach acceptable since the peak calculated
pressures have been near the design value, and there was no need to demonstrate a pressure
reduction for the leak rate assumption used in the siting evaluation.

Late in the review process, Westinghouse determined that it could not meet the proposed
long-term objective with the original analysis approach. Westinghouse therefore revised the
analytical procedure to credit the effect of two-dimensional (2-D) heat conduction (between wet
and dry regions of the containment shell) when less than full coverage of the containment shell
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is expected. The revised procedure was first presented in May 1997 (Westinghouse letter
NSD-NRC-97-5152, "AP600 Design Changes to Address Post 72-Hour Actions" (Attachment 2 -
Description of method to account for circumferential (2-dimensional) conduction through the
steel containment shell for containment pressure analyses.), dated May 23, 1997). and
discussed at an ACRS meeting in December 1997 (Westinghouse letter NSD-NRC-97-5492,
“Presentation Material for December 9, 10, 11 & 12, 1997 ACRS Meeting,” dated

December 17, 1997). Westinghouse did not identify, or at least account for, the need to
consider 2-D heat transfer for the long-term containment pressure response (after three hours
when the PCS flow rate is first cut back to about one-half its initial value) in the selection of the
analysis methodology (GOTHIC) and in the development of a model for the PCS (WGOTHIC).
With the coverage area less than the initial assumed 90 percent, heat transfer from the hot, dry
regions of the shell into the cooler, wet regions of the shell would occur. To account for this
deficiency, Westinghouse performs an ancillary calculation to credit more PCS water in the
evaporation process, effectively generating a correction factor, and applies it to the limited PCS
flow model (see Section 21.6.5).

During the first three hours of a DBA event, with the PCS flow rate maintained at

1,665.6 liters/min (440 gpm), the pressure performance enveiope is similar to existing designs
which use active safety systems. When the PCS flow rate is reduced after three hours, there is
a tendency to slightly repressurize and maintain a pressure somewhere between 218.5 and
273.7 kPa (17 to 25 psig), well below the 411.6 kPa (45 psig) design value, until 30 hours into
the event when a further reduction in the PCS flow rate occurs. When the flow is again reduced
after 30 hours, the containment again repressurizes with the resulting pressure being between
225.4 and 322.0 kPa (18 to 32 psig) for the remainder of the three-day design basis
performance period of the PCS but continually decreasing as the decay heat decreases. The
difference between the low and high pressure estimates are based on the credit given in the
analyses to consider the effects of 2-D heat conduction. As discussed in Section 21.6.5, the
staff believes that there is a real effect from 2-D heat conduction. However, as an insufficient
amount of test data is available to validate this model, the staff is unable to determine how
much credit should be given in evaluating the Westinghouse design performance after 24 hours.
In addition, the calculated pressure is not used to demonstrate compliance with other regulatory
requirements. Whether or not credit is taken for 2-D heat conduction, the staff finds the design
to be in compliance with GDC 38 and the containment pressure and temperature following the
limiting loss-of-coolant accident are maintained at acceptably low levels. Although the
containment pressure response is different from current licensed plants, the PCS is acceptable
and consistent with the passive design objectives on which the AP600 PCS is based.

After the peak pressure period, the uncertainty in the treatment of heat transfer processes
continues to increase. These uncertainties, resuiting from the EM treatment of non-condensable
circulation and stratification and the effectiveness of the PCS cooling at a reduced flow rate, are
difficult to quantify using the available test data. Nevertheless, the heat removal capability of the
APB00 PCS (as calculated by the WGOTHIC EM) is sufficiently greater than the decay power to
conclude that the containment pressure will decrease. The staff therefore considers the design
to be in compliance with GDC 38. The system safety function to reduce rapidly, consistent with
the functioning of other associated systems, the containment pressure and temperature

following any loss-of-coolant accident and maintain them at acceptably low levels has been
demonstrated.
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Compliance with 10 CFR 52.47(b)(2)

The unique characteristics of passive containment cooling system are explicitly recognized in
the regulations governing the evaluation of standard plant designs. 10 CFR 52.47(b)(2)(i)(A)
states that, in the absence of a prototype plant that has been tested over an appropriate range
of normal, transient, and accident conditions, the following requirements must be met for a plant
that "utilizes simplified, inherent, passive, or other innovative means to accomplish its safety
functions™

. The performance of each safety feature of the design has been demonstrated through
either analysis, appropriate test programs, experience, or a combination thereof;

. Interdependent effects among the safety features of the design have been found
acceptable by analysis, appropriate test programs, experience, or a combination thereof;

. Sufficient data exist on the safety features of the design to assess the analytical tools
used for safety analyses over a sufficient range of normal operating conditions, transient
conditions, and specified accident sequences, including equilibrium core conditions.

Consistent with these requirements, the passive plant vendor, Westinghouse, has developed
and performed design certification tests of sufficient scope, including both separate-effects and
integral-systems experiments, to provide data with which to assess the computer programs used
to analyze plant behavior over the range of conditions described in item 3 above.

To satisfy the requirements of 10 CFR 52.47(b)(2)(i}(A), Westinghouse has developed test
programs to investigate the passive containment safety systems. These programs include both
component and phenomenological (separate-effects) tests and integral-systems tests. The cold
water distribution test (WDT) was a full-scale representation of the PCS flow characteristics.
Additional separate-effects tests have been performed to extend the range of existing mass and
heat transfer correlations used in the AP600 analysis codes, to comply with the last of the three
requirements above.

The large-scale test (LST) is the only integral test for the AP600 PCS. While this test exhibited a
number of shortcomings in scaling and prototypicality, the LST data was not used in an integral
mode. Instead, the LST data was used in a separate effects mode to demonstrate the
conservatism of portions of the evaluation model. The staff concludes that sufficient data has
been provided to establish that the evaluation model is conservative at the scale of the AP600.

The staff concludes that the evaluation model contains sufficient conservatisms, including
factors to compensate for shortcomings in the LST, to accept WGOTHIC in combination with the
AP600 EM for DBA licensing analyses to support design certification. Specific limitations and
restrictions for future analyses are presented in Section 21.6.5.8.3 of this report.

Section 21.6.5.8.3 of the AP600 FSER defines for the staff the calculational method that has
been previously reviewed by the staff and found acceptable with respect to the SRP 6.2.1
section IV, “Evaluation Findings,” item 1d finding. For any future licensing analyses, the AP600
nodal model described in Section 4 of WCAP-14407, “WGOTHIC Application to AP600,”
Revision 3, April 1998 must be used. Further, the assumptions must be consistent with the
limitations and restrictions denoted in Section 21.6.5.8.3.
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6.2.1.1 Containment Pressure and Temperature Response to High-Energy Line Breaks

The staff reviewed the temperature and pressure response of the primary containment to a
spectrum of LOCAs and MSLBs, and completed a review of the minimum containment
backpressure for LOCA analyses. Westinghouse did not analyze the response of the shield
building, because this structure is vented to the atmosphere and is not designed to maintain a
set pressure under LOCA or MSLB conditions.

The Containment Analytical Model

Westinghouse calculated the short- and long-term pressure and temperature response of the
containment using the Westinghouse-GOTHIC (WGOTHIC) computer code in the lumped
parameter mode. WGOTHIC is a program for modeling multiphase flow. It solves the
conservation equations, in integral form, for mass, energy, and momentum for multicomponent
flow. The momentum conservation equations are written separately for each phase in the flow
field (drops, liquid pools, and atmosphere vapor). The following terms are included in the
momentum equation:

storage

convection

surface stress

body force

boundary source
phase interface source
equipment source

A full description of WGOTHIC 4.2, the current licensing version, and the staff's review of
WGOTHIC 4.2 are presented in Section 21.6.5 of this report.

WGOTHIC code and its methodology are founded on a modified version of the GOTHIC code.
GOTHIC is a containment analysis package, which has been selected by EPRI and a national
users group for development as a reference containment analysis code. On August 10, 1994,
Westinghouse provided the staff with EPRI reports on GOTHIC, including the Technical Manual,
Users Manual, and Qualification Report. The portions of these manuals that apply to the AP600
analysis were reviewed by the NRC staff, as were the applicable test qualifications. This was
Open ltem 6.2.1.1-1.

On September 21, 1995, Westinghouse provided revised GOTHIC documentation pertaining to
GOTHIC Version 4.0, the version that forms the bases for the current licensing version of
WGOTHIC. Westinghouse responded to staff RAls on the EPRI GOTHIC 4.0 documentation
and on the use of the applicable test qualification (RAls 480.463 to 480.485). Therefore, Open
Iltem 6.2.1.1-1 is closed. .

In creating the WGOTHIC 4.2 computer program, used for licensing analyses to support the
AP600 design certification, from the GOTHIC computer program, Westinghouse added analyti-
cal models to represent the unique features of the AP600 containment. Major additions included
modeling the condensation heat transfer in the presence of noncondensible gases on the interior
wall of the containment, one-dimensional heat conduction through the containment wall, and
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heat rejection on the exterior of the containment shell via evaporative cooling, natural convection
cooling, and radiative cooling.

To model the passive cooling features of the AP600, several assumptions were made in creating
the plant deck. The external cooling water does not completely wet the containment shell;
therefore, both wet and dry sections of the shell are modeled. The original analysis performed
with earlier versions of WGOTHIC (Versions 1.0 and 1.2) assumed coverage of 40 percent on
the top of the dome and 70 percent on the side walls. Heat conduction from the dry-to-wet
sections was not considered in the original analysis, although calculations showed this to be a
benefit. Representative external cooling water flow rates, which include a worse-case,
single-failure assumption, were used for the wet sections. The original analysis also assumed
that the external cooling water was not initiated until 11 minutes into the transient, allowing time
to initiate the signal and to fill the headers, the PCS distribution bucket, and weirs on the basis of
an initial PCS flow rate of 832.8 liters/min (220 gpm) (i.e., there is no time-dependent film
coverage model). Because the air baffle is not leak-tight, air leakage flow paths are included to
simulate the effects of air leaking through the baffle, thus bypassing the normal air flow path.

Design changes to the PCS flow rates, to the water coverage model as used in the licensing
analyses, as well as changes to WGOTHIC and the modeling of the AP600 have resulted in
revised analyses to support the design certification. The initial PCS flow rate, for the first three
hours, has been increased to about 1,665.6 liters/min (440 gpm). This increased flow results in
a delay time of 337 seconds before taking credit for PCS water. A limiting PCS flow model was
developed to account for only the amount of water expected to evaporate and to provide a
means to account for the variation in expected wetting, or surface coverage, as the PCS flow
rate is decreased over time. This model is described in Section 21.6.5 of this report. In letter
NSD-NRC-97-5152, dated May 23, 1997, Westinghouse provided an ancillary analysis to
support a further modification to the limited PCS flow model to account for 2-D conduction
between the wet and dry sections. This modification is also discussed in Section 21.6.5.
Finally, the analysis methodology, in conjunction with the use of the WGOTHIC 4.2 computer
program, is now based on a conservative evaluation model.

Design changes to the PCS to address post-72 hour actions, in response to the staff
requirements memorandum of January 15, 1997, on SECY-96-128, "Policy and Key Technical
Issues Pertaining to the Westinghouse AP600 Standardized Passive Reactor Design," have
been incorporated into the design. New design features include increased inventory in the
passive containment cooling water storage tank (PCCWST), the addition of an on-grade PCS
auxiliary water storage tank, and two recirculation pumps that provide the required makeup flow
to the PCCWST from the auxiliary tank for the post-72 hour period (for up to seven days). In
addition, the PCCWST now also provides makeup to the spent fuel pool (SFP).

The initial conditions of pressure, temperature, humidity, and net containment free volume used
for DBA analyses are provided in Table 6.2-2.

It was not clear to the staff whether any of the initial values were technical specification (TS)
maximums, or whether they were assumed bounding conditions. Furthermore, the initial
assumption of 100 percent relative humidity and the relatively high temperature of 48.9 °C .
(120 °F) appeared to be nonconservative. The extent to which this was offset by the initial
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Table 6.2-2 Containment Initial Condition

Parameter Initial value
Internal Temperature 48.9 °C 120 °F
Pressure 108.2 kPa 15.7 psia
Relative Humidity 0 %
Net Free Volume 48,988 m* 1.73E+06 £
External Temperature 46.1 °C dry bulb -+ 115 °F dry buib
: 26.7 °C wet bulb 80 °F wet bulb

pressure was unclear. The staff reviewed the input assumptions, along with the calculated
results. This was Open ltem 6.2.1.1-2.

The current initial internal pressure and temperature, and the external temperature are TS
maximums and have been shown, in Section 5 of WCAP-14407, “WGOTHIC Appilication to
AP600,” Revision 3, April 1998, to result in a conservative peak pressure calculation. In
Section 5 of WCAP-14407, it was demonstrated that O percent relative humidity is a
conservative assumption. The staff has reviewed these input assumptions and finds them
acceptable for the licensing analyses. Therefore, Open Item 6.2.1.1-2 is considered to be
closed. - :

The PCS flow rates and surface area coverage used for DBA analyses are provided in
Table 6.2-3.

Table 6.2-3 PCS Flow Rates and Area Coverage

PCS Flow from PCCWST Flow rate during time frame Area coverage
Time period liters/min gpm -
Start of flow to 3 hours 1,673.2t0 1,608.8 442 to 425 90 %
3 hours to 30 hours 467.51t0 416.4 123.5t0 110 51 %
30 hours to 72 hours 274.4t0 237.4 72.5t062.7 30 %
Post 72 hours (from PCCAWST) 237.4 63.7 (25 %)

WGOTHIC models the passive heat sinks in the containment, one-dimensional heat transfer
through the containment vessel, evaporation of cooling water from the exterior of the
containment vessel, and radiative and natural convection heat transfer in the shield building
annulus. 2-D conduction is considered in WGOTHIC 4.2 analysis to account for heat transfer
between wet and dry regions of the containment shell for the long-term pressure response, after
three hours when the PCS water coverage fraction is reduced as a result of the reduced PCS
water delivery rates as shown in Table 6.2-3. The passive heat sinks inciude both concrete and
steel structures inside the containment, which can absorb energy from the containment
atmosphere. The energy source is modeled using information from a table of mass and energy
releases included in Sections 6.2.1.3 and 6.2.1.4 of the SSAR.
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This is the first licensing application in which WGOTHIC has been used. In addition to reviewing
the applicability of the input assumptions, Westinghouse reviewed the data from the LSTs, and
the staff reviewed the analytical models and input assumptions. This was Open ltem 6.2.1.1-3.

The baseline LST tests were documented in WCAP-13566, "AP600 1/8th Large-Scale Passive
Containment Cooling System Heat Transfer Baseline Data Report," dated October 1992. The
Phase 2 and Phase 3 tests were documented in WCAP-14135, "Final Data Report for PCS
Large-Scale Tests, Phase 2 and 3," July 1994 (and later revised in April 1997 to Revision 1).
These reports contained primarily test data, and did not provide evaluation or interpretation of
the test results. Westinghouse, in letter NTD-NRC-95-4463, dated May 15, 1995, submitted

- "APB600 Testing Program Report: Large-Scale Test Data Evaluation (PCS-T2R-050)." This
evaluation is discussed in Section 21.3.8. The staff's review of the analytical models and input
assumption used for the current SSAR analyses, as performed with WGOTHIC 4.2, is provided
in Section 21.6.5. Therefore, Open Item 6.2.1.1-3 is closed.

Containment Pressure Response

The staff has reviewed Westinghouse’s analyses of the AP600 containment'’s pressure
response, as discussed below.

Internal Pressure Analysis

The pressure response of the AP600 containment can be divided into two temporal phases - the
short-term or blowdown portion of the transient, and the longer term balance of the transient.
The AP600 containment response to the high pressure blowdown portion of LOCA and MSLB
transients is not significantly different from that for a standard Westinghouse two-loop plant.
Blowdown is the time during which the coolant system contents are expelled through a
postulated break. During blowdown, the large time constant for heat transfer through the
containment shell causes the AP600 containment response to be governed primarily by the
energy absorbed by pressurizing the internal containment volume and by heat removal by
internal structures (heat sinks). Therefore, the predicted containment response during the
blowdown phase should be similar to that for a standard Westinghouse two-loop plant. None of
the new AP600 passive design features comes into play during this first portion of a postulated
transient. In Section 8 of WCAP-14407, Westinghouse performed an analysis for the AP600
during the blowdown portion of the LOCA to compare the current SSAR multinode model to a
simple, single-node model (similar to the modeling used for current operating reactors). This
analysis showed that the SSAR multinode model for the AP600 during blowdown yields
comparative resuits to the simple, single-node model.

The long-term portion of the transient begins after the coolant system has blown down. During
this time, the mass and energy releases are greatly reduced, and the PCS begins operating and
transferring energy stored inside the containment to the ultimate heat sink. The primary
mechanism of heat removal from inside the containment is the condensation of steam on the.
inside of the containment shell. This heat is ultimately rejected to the environment via radiative,
convective, and evaporative cooling from the containment outer surface. '

For the LOCA events, two limiting double-ended guillotine RCS pipe breaks are analyzed. in
one case, the break is postulated to occur in the hot leg of the RCS, and in the other case the

6-21 NUREG-1512



Engineered Safety Features

break is in the cold leg. The hot-leg break results in the highest blowdown peak pressure. The
cold-leg break results in the highest post-blowdown peak pressure. The cold-leg break analysis
includes the long-term contribution to containment pressure from the sources of stored energy,

such as the steam generators. The LOCA mass and energy release calculations are discussed
in Section 6.2.1.3 of this report.

For the MSLB event, a representative pipe break spectrum is analyzed. Various break sizes,
power levels, and failure assumptions are analyzed with the WGOTHIC code. The MSLB mass
and energy release calculations are discussed in Section 6.2.1.4 of this report.

A summary of calculated pressures and temperatures for LOCA and MSLB postulated accidents
are provided in Table 6.2-4. v

Table 6.2-4 Summary of Calculated Pressures and Temperatures for LOCA and
MSLB using WGOTHIC 4.2

Peak Available Peak Pressure at
Break Pressure Margin’ Temperature? 24 hours

[kPa (psig)] | [kPa (psig)] [°CCF) [kPa (psig)]
LOCA, double-ended, 37.2 (5.4) ---
hot-leg guillotine 374.4 (39.6) 9% 199.5 (391.1) ’
LOCA, double-ended, 11.0 (1.6)
cold-leg guillotine 400.6 (43.4) 2.7% 138.4 (281.2) 233.7 (19.2)
MSLB, 1.388\ft2, full 9.0 (1.3) ---
DER, 102% power, 402.6 (43.7) 2.2% 188.3 (370.9)
MSIV failure
MSLB, 1.388 f&2, full 6.2 (0.9) ---
DER, 30% power, 405.4 (44.1) 1.5% 186.8 (368.2)
MSIV failure

- Notes: 1. Design pressure is 411.6 kPa (45 psig), margin determined by absolute pressure
2. Localized temperature in the break compartment (node)

The maximum calculated pressure in the primary containment occurs from an MSLB at

30 percent power. The maximum calculated pressure is 405.4 kPa (44.1 psig) at about 570
seconds after the MSLB begins. Westinghouse determined this peak pressure after analyzing
more than 30 different LOCA and MSLB scenarios. This value provides a margin of 1.5 percent
to the design pressure of 411.6 kPa (45 psig).

In Item 11.2 of Section 6.2.1.1.A of the SRP, the staff cites GDC 50 as requiring a "sufficient
margin" for calculated peak containment pressure to assure that the design leakage rate will not
be exceeded. To satisfy the requirements of GDC 16 and GDC 50 regarding sufficient margins,
for plants at the CP stage of review, the containment design pressure should provide at least

10 percent margin above the accident peak calculated containment pressure foliowing a LOCA
or a steam or feedwater line break. For plants at the OL stage of the review, the peak calculated
containment pressure following a LOCA, or a steam or feedwater line break, should be less than
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the containment design pressure. In discussions with Westinghouse, the staff indicated that
additional information was needed on uncertainty and margin in the Westinghouse calculations,
since a "best-estimate” heat transfer was used in the WGOTHIC 1.0 analyses. in response to
these concerns, Westinghouse submitted on June 30, 1994, "AP600 Passive Containment
Cooling System Design Basis Analysis Model and Margin Assessment." This document
presented calculations using WGOTHIC Version 1.2 (the SSAR employed WGOTHIC

Version 1.0). ‘

Westinghouse stated that the WGOTHIC 1.0 SSAR LOCA mass and energy release analysis
was performed using assumptions that would maximize the initial system mass and energy
available for release to containment.

Westinghouse stated that the WGOTHIC 1.0 SSAR containment model was created using
assumptions that would maximize the initial stored energy within containment and minimize the
rate of heat transfer from containment. A summary of the Westinghouse-identified
conservatisms in the AP600 WGOTHIC 1.0 containment model is as follows:

. The maximum outside air temperature of 46.1 °C (115 °F) was used as a boundary
condition to reduce the heat transfer from containment.

. The maximum containment air temperature of 48.9 °C (120 °F), pressure of 108.2 kPa
(1 psig), and 100 percent humidity initial conditions were used to increase the initial stored
energy inside containment. (The current SSAR analyses are based on 0 percent humidity
inside containment.)

. The subcooling of the PCS water temperature was ignored to reduce the heat transfer rate
from containment. (Subcooling was added to the WGOTHIC 1.2 and 4.2 models.)

. A single failure of one out of two valves controlling the PCS cooling water flow was
assumed. This assumption provided the minimum PCS liquid film flow rate, and reduced
. the heat transfer rate from containment.

. The PCS liquid film flow was initiated following an 11-minute delay. This corresponds to
the time needed to establish a steady liquid film coverage pattern in the liquid film
distribution tests. (The revised PCS flow rate results in the current SSAR delay time of
337 seconds.)

. A 40 percent PCS water film coverage was used on the top of the dome, and a 70 percent
coverage was used on the side walls. These values were determined by the minimum
coverage observed in the liquid film distribution tests. (The current SSAR water coverage
is determined by the limiting flow model, as described in Section 21.6.5.)

. The vessel wall emissivity values were reduced by 10 percent to reduce the radiation heat
transfer.

As discussed in Section 6.2.1.1 of the SSAR, the staff reviewed the input assumptions
(especially the second bullet above). This was Open item 6.2.1.1-5.
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The input assumptions (especially the second buliet above concerning the initial relative
humidity inside containment) have been revised in the current SSAR analysis to account for the
design changes in the PCS and to use the conservative 0 percent relative humidity inside
containment as an initial condition. Therefore, Open Item 6.2.1.1-5 is closed.

WGOTHIC 1.2 incorporates improved models to represent mixed convection in the containment
interior. In contrast, WGOTHIC 1.0 allowed the user to choose free or forced convection, and
then verify that the code results justified the choice. WGOTHIC 1.2 also incorporated a liquid
film enthalpy transport model for the exterior cooling water on the containment. In addition, a
log-mean noncondensible pressure term was added to the boundary layer mass transfer
correlation, and several other minor changes were made.

In addition, the June 30, 1994, analysis incorporated several minor changes to the
WGOTHIC 1.0 input decks, many of which were necessary to accommodate the model
changes in WGOTHIC 1.2. The following is a summary of the changes:

. The annulus flowpath inertia lengths were modified to balance the steady state volume
average velocity with the corresponding flowpath velocity.

. Heat and mass transfer multipliers, which are needed to account for entrance effects in
the annulus, were calculated and applied to the lower, upward-flowing volumes of the
annulus.

. Inner vessel wall heat transfer multipliers were computed and applied to the inside surface

of the containment to convert from the Colburn correlation to the flat-plate correlation.

. The annulus hydraulic diameter input was changed to be consistent with the mixed
convection heat transfer correlation with entrance effect multipliers applied.

. In the WGOTHIC Version 1.0 analysis, a constant break droplet diameter was used
throughout the entire transient, even though liquid was expected to spill from the break
after blowdown was complete. A forcing function was applied to eliminate the formation of
a drop field after the blowdown phase is complete.

. The number of subregions was reduced in the larger, outer concrete sections of two
conductors.
. On the basis of the results of the LOCA analyses, no significant level of zirconium-water

reaction occurs; therefore, the energy release from such a reaction was exciuded from the
mass and energy calculations.

For the WGOTHIC 1.0 and 1.2 analyses, no additional energy source as a result of metal-water
reaction was considered in calculating the mass and energy releases to containment.

According to Section 6.2.1.3 of the SRP, 10 CFR 50.44, Appendix A to 10 CFR 50, and GDC 50,
this energy should have been included in the calculations. Therefore, the treatment of
metal-water reaction energy as an energy source should have been considered. This was Open
Item 6.2.1.1-4. Acceptability of the other items was determined by test comparisons.
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In the current SSAR analysés, performed with WGOTHIC 4.2, the heat addition from a
postulated 1 percent reaction of the zirconium cladding in the active fuel zone is included in the
energy releases. Therefore, Open Item 6.2.1.1-4 is closed.

To démonstrate the effect of these analysis conservatisms in the WGOTHIC 1.0 studies, _
Westinghouse reran the most limiting LOCA using more nominal values in both the mass and
energy release calculations and the WGOTHIC Version 1.2 input deck.

Specifically, the LOCA mass and energy release calculations for the WGOTHIC 1.2 analyses
were revised to be closer to a best-estimate evaluation. The following is a summary of the
changes made in the calculation of mass and energy releases for only the double-ended cold
leg guillotine (DECLG) LOCA:

. The nominal full power temperature was used without adding 2.8 °C (5 °F) for instrument
uncertainty. : '

. The normal RCS operating pressure was used without adding 206.8 kPa (30 psi) for
instrument uncertainty. ‘

. The nominal RCS geometric (cold) volume (without uncertainty) was increased to account
for thermal expansion only.

. The core licensed power was used without adding 2 percent for calorimetric error.
. The nominal core stored energy was used without adding 15 percent for tolerance.
. The 1979 decay heat standard (without uncertainty) for an 800-day average burnup was

used to estimate core decay heat.

. The nominal full power steam generator secondary mass was used without adding
10 percent.

For the two MSLB accidents, the nominal values for mass and energy release calculations were
not used; rather, the same conservative values that were used in the previous WGOTHIC 1.0
analysis were employed for the WGOTHIC 1.2 analyses. However, for both the most limiting
LOCA and the MSLB accidents, Westinghouse created WGOTHIC Version 1.2 input decks that
contained more nominal values. The following changes were made to create a containment
model with nominal operating conditions:

. The initial outside air temperature was set to 21.2 °C (70 °F).

. The initial containment air temperature was set to 37.8 °C (100 °F), and the relative
- humidity was set to 8 percent.

. The initial containment pressure was set to 101.4 kPa (14.7 psia).
. The corresponding conductor initial temperatures were set to 21.2 °C (70 °F) and 37.8 °C
(100 °F).
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. The PCS water temperature was set to 26.7 °C (80 °F).
. The material emissivities were modified to remove the 0.9 multiplier.

Westinghouse reran the most limiting SSAR LOCA and both MSLB accidents to assess the
effects of the WGOTHIC code modifications and input changes made since the original
WGOTHIC 1.0 analyses were completed. The comparison between the original.l WGOTHIC 1.0
analyses and the WGOTHIC 1.2 and the most recent WGOTHIC analyses is provided in
Table 6.2-5.

The approach taken for the AP600 containment analysis has evolved from the approach used
for the WGOTHIC 1.0 and WGOTHIC 1.2 analyses. These previous analyses relied, toa
greater extent, on best-estimate and nominal conditions and assumptions. To address staff
concerns with some of the assumptions and modeling features employed, Westinghouse
developed a model and uses assumptions and boundary conditions that are more consistent
with previous practices for containment analyses for current operating reactors. The approach is
based on the guidance provided in SRP 6.1.1.2.A, “PWR Dry Containments, Including
Subatmospheric Containments.” The current licensing model is described in Section 4 of
WCAP-14407, “ WGOTHIC Application to AP600,” Revision 3, dated April 1998. The current
licensing version is WGOTHIC 4.2. '

The WGOTHIC 4.2 SSAR containment model was created using assumptions that would
maximize the initial stored energy within containment and minimize the rate of heat transfer from
containment. A summary of the Westinghouse identified conservatisms in the AP600
WGOTHIC 4.2 containment model is as follows:

. The mass and heat transfer coefficients on the inner containment vessel surface are
multiplied by a factor of 0.73. Only free convection is considered on the inner surface.
The multiplier is determined by an assessment of the LST and separate tests as
discussed in Section 21.6.5 of this report.

. The mass and heat transfer coefficients on the outer containment vessel surface are
multiplied by a factor of 0.84. Mixed convection is considered on the outer surface. The
multiplier is determined by an assessment of the LST and separate tests as discussed in
Section 21.6.5 of this report. '

. The vessel wall emissivity values.are reduced by 10 percent to reduce the radiation heat
transfer.
. The maximum outside air temperature of 46 °C (115 °F) is used as a boundary condition

to reduce the heat transfer from containment and is consistent with the technical
specification maximum allowable ambient temperature. :

. The maximum containment air temperature of 49 °C (120 °F) and internal pressure of
108.2 kPa (1 psig) are used as initial conditions and are consistent with the technical
specification limits. A 0 percent humidity initial condition is used to increase the initial
stored energy inside containment.
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A single failure of one out of two valves controlling the PCS cooling water flow is
assumed. This assumption provided the minimum PCS liquid film flow rate.

The PCS liquid film flow is credited only following a 337-second delay. This corresponds
to the time needed to establish a steady liquid film coverage pattern in the liquid film on
the basis of an initial flow rate of 1,666 liters/min (about 440 gpm).

The water coverage is obtained from the limiting flow model, as described in

Section 21.6.5, based on the wetted surface areas listed in Table 6.2-3. 2-D conduction is
considered in the limiting flow model to account for heat conduction from the dry to wet
regions of the containment shell when the PCS water coverage is reduced after three
hours.

A 0.051 cm (20 mil) air gap is assumed between the steel liner and the concrete on
applicable internal heat sinks.

The air gap between the steel liner and the concrete used in the licensing analyses is
selected by Westinghouse to be conservative, consistent with the guidance in SRP
Section 6.2.1.1.A concerning the use of conservative values to maximize the calculated
containment pressure. If the gap could be greater than 0.051 cm (20-mil), over the lifetime
of the plant, then the calculated peak pressure will increase. In previous submittals,
Westinghouse used a 0.013 cm (5-mil) gap. In response to RAI 480.636, Westinghouse
provided the results of analyses for postulated air gaps up to 0.318 cm (125-mil). By
increasing the gap from 0.013 cm (5-mil) to 0.318 cm (125-mil), the reference LOCA peak
pressure would increase 9.7 kPa (1.4 psid) and the reference MSLB peak pressure would
increase 2.8 kPa (0.4 psid).

The steel-jacket to concrete air gap has been further addressed by Westinghouse in
response to RAI 640.155 (Letter NSD-NRC-98-5566, dated February 10, 1998). Based
on the evaluation presented, the 0.051 cm (20 mil) gap is considered by Westinghouse to
be a conservative maximum value. The staff requested additional information on the
subject. It was not clear that the construction technique used for the modular AP600 had
been fully assessed. If the steel-jacket provides a leak tight boundary around the
concrete, then it may be possible for moisture in the concrete to vaporize during a
postulated DBA and the resulting pressurization may lead to deformation of the
steel-jacket and the resulting average gap may be greater than the value used in the DBA
analyses.

In Revision 1 to RAI 640.155 (Letter NSD-NRC-98-5567, dated April 14, 1998),
Westinghouse provided a conservative assessment of the potential pressurization in the
air gap from the moisture in the concrete assuming a leak tight boundary. During the time
period through the peak pressure for the limiting LOCA, the differential pressure acting on
the steel jacket would result in movement toward the concrete (the external containment
pressure remains higher than the internal steel-jacket concrete region pressure) and the
assessment indicates that the air gap would not increase. For the MSLB, the
temperatures in the steel-jacket concrete region remain low enough to exclude this as an
issue. The staff therefore accepts the 0.051 cm (20-mil) air gap for licensing analyses as
a conservative value.
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. The loss coefficient in the external annulus includes a 30 percent increase over the value
derived from the test program. In response to staff concerns with the upper annulus
drains, a design change was incorporated to move the drains about one foot above the
upper annulus drain floor. This effectively shortens the downcomer to riser turning region
from about 1.83 m (6 ft) to 1.52 m (5 ft), once sufficient PCS water fills the region to the
new drain elevation. In response to RAIl 720.440F (Letter dated January 28, 1998), '
Westinghouse determined that the geometry changes do not impact the WGOTHIC
modeling of the AP600 for design-basis accident analyses, and the data from the test (as
modified) are still valid for the AP600 evaluation model. The existence of this pool of
water will not significantly effects the already low velocity in the air entrance region. The
possible effect of the cold water pool on the air density was shown to have a negligible
effect on the buoyancy driven air flow.

. Condensation and convection on heat sinks in the dead-ended compartments, below the
operating deck, are not credited after the blowdown period (about 30 seconds after
accident initiation). This conservative assumption is also employed for MSLB analyses.

. Heat transfer to horizontal, upwards facing surfaces that may become covered with a
condensation film is not credited.

The limiting LOCA and MSLB peak containment pressure calculations provided in support of the
design certification are summarized in Table 6.2-5.

The estimated conservatism introduced into the WGOTHIC 4.2 SSAR analyses was evaluated
by Westinghouse in Section 10 of WCAP-14407 (the analyses presented in WCAP-14407 are
slightly different from the final SSAR analyses). The peak containment pressures were shown to
be lower in the nominal case. The results are summarized in Table 6.2-6.

The staff compared the short-term calculated peak containment internal pressures for the
AP600 with the SSAR reported pressures from other Westinghouse designs early in the review,
based on the WGOTHIC 1.0 analyses. This comparison indicated that the AP600 results were
reasonable relative to previous Westinghouse designs and the pressure trends were similar.
Westinghouse had not attempted to demonstrate the expected robust nature of this new design
by performing a standard COCO calculation to show how the margins in this new design
compare with the margins in past designs. Furthermore, the staff had not yet performed
independent confirmatory analysis with the CONTAIN computer code. WGOTHIC computer
code verification and validation (V&V) was still being conducted by Westinghouse and was
concurrently under staff review. This included Westinghouse's application of the experimental
database to code V&V, and the staff's review. This was Open item 6.2.1.1-6.

Subsequently, the staff performed independent confirmatory analysis with the CONTAIN
computer code. These analyses indicate similar characteristics for the PCS performance for
both the limiting LOCA and limiting MSLB events. The WGOTHIC 4.2 computer program V&V
has been completed by Westinghouse and the staff review is presented in Section 21.6.5 of this

‘report. This includes Westinghouse's application of the experimental database to code V&V.
Open Item 6.2.1.1-6 is therefore considered to be closed.

Westinghouse informed the staff, during a telephone call on April 17, 1998, that changes were to
be made to the AP600 PCS evaluation model to address ITAAC concerns with the verification of
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Table 6.2-5 WGOTHIC Comparisons

Pressure [ kPa (psig) ] Temperature in break node
and margin’ to design [°C (°F) ]
Case WGOTHIC | WGOTHIC | WGOTHIC | WGOTHIC | WGOTHIC | WGOTHIC
Description 1.0 1.2 4.2 (SSAR) 1.0 1.2 4.2 (SSAR)
LOCA 373.7 353.0 400.6 139.4 Graph 138.4
.double-ended, showed
Id-leg (39.5) (36.5) (43.4) (283.0) little (281.2)
cq \ change in
guillotine 9.2% 14.2 % 27% peak
MSLB, 1.388 &, 385.4 338.5 402.6 160.2 160.7 188.3
full DER, 41.2 34.4 437 320.3 321.2 370.9
102% power, | @12 (34.4) @“3.7) (203 | @12 | @709
MSIV failure 6.4 % 17.8 % 22 %
MSLB, 1.388 &, 386.8 345.4 405.4 151.7 160.1 186.8
full DER, 41.4 35.4 44.1 305.1 320.1 368.2
30% power, (41.4) (35.4) (44.1) @05.1) | (320) (368.2)
MSIV failure 6.0 % 16.1 % 15%

Note: 1. Margin (in % to design) is computed on the basis of absolute pressure

Table 6.2-6 Peak Containment Pressures

Parameter DECLG LOCA MSLB 30 % power
Blowdown Post blowdown
APB00 design pressure 411.6 kPa 411.6 kPa ~ 411.6 kPa
[45 psig] [45 psig] [45 psig]

Reference' peak pressure - 337.8kPa 404.0 kPa 410.2
[34.3 psig] - [43.9 psia] [44.8 psig]

Margin? reference' to design 17.9 % 1.8% 0.3%
Nominal peak pressure 324.7 kPa 312.3 kPa 376.4 kPa
[32.4 psig] [30.6 psig] [39.9 psig]

Margin? nominal to design 21.1% 241 % 8.5%

Notes: 1. The WCAP-14407 analyses differ slightly from the final SSAR analyses.
2. Margin (in % to design) is computed on the basis of absolute pressure
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heat sinks used in DBA licensing analyses for design certification. The evaluation model had
included numerous small heat sinks such as stairs, gratings and platforms. Westinghouse refers
to these as miscellaneous heat sinks. These miscellaneous heat sinks are not identified in the
ITAAC.

Revision 3 to WCAP-14407, “WGOTHIC Application to AP600," was provided by Westinghouse
letter DCP/NRC1355 dated May 1, 1998, which included a new Appendix 4B that identified
those miscellaneous heat sinks that were removed from the model. Appendix 4B also included
additional changes to remove existing conservatism in some of the heat sinks remaining in the
model and included other changes in volumes and flow path characteristics to be consistent with
AP600 document 1100-S0C-001, Revision 7, “Containment Volumes and Heat Sinks.” The
method used to remove the miscellaneous heat sinks is to turn off heat transfer by user input,
not by actual removal of the information from the WGOTHIC input data deck. This is acceptable
to the staff. However, as stipulated in Section 21.6.5.8.3, the COL applicant will be required to
verify that, for future licensing analyses, the miscellaneous heat sinks have been removed by
proper user input.

Table 4B-1 in WCAP-14407 identifies the ITAAC section for the containment shell, for the
concrete structures and steel framing, and for the major equipment inside containment that are
modeled as metal heat sinks. In a table attached to DCP/NRC1355, “Table of Internal Metal
Heat Sinks,” additional references to appropriate ITAAC sections are provided for internal metal
heat sinks that might not be considered as major equipment. This table is not consistent with
the information provided in Section 4 and Appendix 4B of WCAP-14407. The node numbers
and heat sink numbers in that table relate to Westinghouse internal calculation files
(1100-S0C-001), not necessarily the node and heat sink identifications used in WCAP-14407.
Table 4B-1 and the table attached to DCP/NRC1335 do, however, provide sufficient information
to determine that the heat sinks included in the AP800 evaluation model will be verified as part
of the ITAAC.

The staff has allowed Westinghouse to move the heat sink information from the SSAR
(previously provided in Table 6.2.1.1-4, “Metal Heat Sinks,” Table 6.2.1.1-5, “Concrete Heat
Sinks,” Table 6.2.1.1-6, “Containment Shell and Baffle Heat Sinks,” and Table 6.2.1.1-7, “Shield
Building Concrete Heat Sinks”) by reference to Section 4 of WCAP-14407, which is considered
to be fully proprietary to Westinghouse Electric Company. The format and content of these data
are different from that used in CONTEMPT, which was the previous basis for requiring these
data in the SSAR. A reviewer of the WCAP-14407 material must exercise caution when using
the information. The material presented in Section 4 must be integrated with the additional
material presented in Appendix 4B to develop a clear understanding of the AP600 evaluation
model.

Therefore, FSER Open ltem 6.2-1, as identified in "Advance Final Safety Evaluation Report
Related to the Certification of the AP600 Design," dated May 1998 (Docket No. 50-003), related
to the verification of the internal containment heat sinks which were used in the WGOTHIC
design-basis accident analyses for peak containment pressure in support of design certification,
based on the Westinghouse commitment of April 17, 1998 and the subsequent May 1, 1998
submittal of WCAP-14407, Revision 3, is closed. '
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Summary of Staff CONTEMPT/CONTAIN Analyses

The staff conducted a limited independent analysis of the AP600 containment design with
respect to pressure and temperature response to design basis LOCA and MSLB events (NRC
NUREG-1632, “Evaluation of AP600 Containment Thermal-hydraulic Performance,” June 1998).
Normally, in the case of conventional containment designs, the staff uses the CONTEMPT code
to estimate peak pressures and temperatures. CONTEMPT is well suited for this because DBAs
in conventional containments are limited to the effects of a relatively brief high-energy blowdown,
followed by a quick termination of the transient through the application of active safety systems
(e.g., pumps, fans, sprays). The well-mixed containment atmosphere, as well as the engineered
safety systems, are modeled adequately by a lumped parameter representation within the code.

Although the AP600 is similar to conventional large dry containments, it has some notable
differences. It relies on external cooling of the containment with the PCS, and it does not use
any active safety systems. CONTEMPT is not capable of direct modeling of the externally
applied PCS. Hence, it was necessary to use the CONTAIN code to supplement CONTEMPT
calculations. .

The CONTAIN code is a multicell lumped parameter code equipped with a film tracking
algorithm that is well suited to modeling the PCS. To establish continuity of methodology, a
comparison was made of the two codes. The results for a DECLG indicate that the two codes
yield comparable results for a single cell representation of the AP600 containment atmosphere.
Furthermore, reasonable agreement was obtained with the CONTAIN code between single and
multicell models of the AP600. On this basis, the CONTAIN code was used to do selected
confirmatory analysis of the AP600 EM. The results show good agreement with Westinghouse
WGOTHIC results. Specifically for a DECLG break, the peak pressure calculated by CONTAIN
is 398 kPa (43.2 psig), which is about 7 kPa (0.8 psi) less than the WGOTHIC results shown in
Table 6.2-4. Similarly, the corresponding temperature was calculated as 133.2 °C (271.5 °F),
which is about 4.7 °C (8.8 °F) less than the WGOTHIC value.

The results obtained with CONTEMPT/CONTAIN codes, just as those obtained by
Westinghouse using the WGOTHIC code, are founded on the assumption of a well mixed
containment atmosphere. This is a reasonable assumption in the short term, so that the
observed agreement indicates that the results of Westinghouse analyses for the EM appear to
be reasonable.

It should be noted, however, that postulated AP600 accident transients are comparatively long
(measured in hours rather than minutes), and may provide opportunities for establishing flow -
patterns that are not necessarily representative of a well-mixed containment atmosphere.
Hence, long term pressure and temperature estimates using lumped parameter codes will be
subject to uncertainties stemming from potentially stratified atmospheric conditions within the
containment. However, these uncertainties are not expected to impact the containment design
limits as long as the PCS continues to be available and since long-term mass and energy
sources are a small fraction of what is present during the short term blowdown.

The staff performed additional analyses in the form of sensitivity calculations using the

CONTAIN code to gauge the relative importance of some of the key AP600 containment design
parameters. The sensitivity analyses indicate that the containment heat sink areas and PCS
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flow rate are the most controlling parameters with respect to containment pressure and
temperature.

Long-term internal Pressure Analysis

The objective of the long-term internal pressure analysis is to demonstrate that the design is
consistent with the design objectives of 10 CFR 50 Appendix A, Criterion 38.

In Item 11.b of Section 6.2.1.1.A of the SRP, the staff guidance used to satisfy GDC 38,
"Containment Heat Removal," is that the containment pressure should be reduced to less than
50 percent of its peak value within 24 hours of the occurrence of a design-basis LOCA. This
assures that the containment leak rate used for the siting evaluation is consistent with the design
basis analysis assumption. In current operating reactors, credit for this 50 percent reduction in
pressure is considered in the siting evaluation. Westinghouse does not credit any leakage
reduction caused by decreased pressure. The siting evaluation is performed with a constant,
design-basis leak rate. Westinghouse had originally proposed that the pressure reduction be on
the basis of 50 percent of the design pressure to meet the intent of GDC 38 and to be consistent
with current operating reactors. The staff found this approach acceptable because the peak
calcuiated pressures are near the design value, and there is no need to demonstrate the leak
rate assumption used for the siting evaluation.

Westinghouse presented the results of an analysis of long-term containment pressure resulting
from the design-basis LOCA, including the 2-D correction, that appears to demonstrate the
desired result, that the long-term (post 24-hour) pressure remains below 50 percent of the
design pressure. (See Figure 6.2.1.1-7 of the SSAR.) This analysis is for the cold-leg break
LOCA. The same 24-hour analysis should be performed for the entire spectrum of LOCA and
MSLB events, or a rationale should be given for why such calculations are not necessary. A
table that demonstrates compliance with the GDC 38 requirement should be included in the
SSAR. This was Open ltem 6.2.1.1-7. : :

The response for the limiting hot-leg break LOCA is provided in SSAR Figure 6.2.1.1-9. For the
MSLB, the pipe break spectrum analysis has identified the full double-ended rupture at

30 percent power as the limiting break with respect to peak containment pressure. The
response is shown in SSAR Figure 6.2.1.1-1. This limiting case yields a peak containment
pressure of 405.4 kPa (44.1 psig) at approximately 570 seconds into the event. The
containment pressure continues to rise until the secondary side blowdown is complete. Once
blowdown is completed, there is no additional mass or energy released to containment. With no
mass and energy source, the containment pressure decreases rapidly as the internal heat sinks
and PCS continue to absorb energy. Table 6.2.1.1-3 in the SSAR provides the calculated
pressure for the most limiting DBA. This table; therefore, demonstrates that the long-term
pressure response is consistent with GDC 38 and the containment pressure following the
limiting LOCA is maintained at an acceptably low level. Therefore, Open Item 6.2.1.1-7 is
closed. ‘

The staff considers the AP600 PCS design to be in compliance with GDC 38. The system
safety function to reduce rapidly, consistent with the functioning of other associated systems, the
containment pressure and temperature following any LOCA and maintain them at acceptably
low levels has been demonstrated. While the PCS flow rate is maintained at 1,666 liters/min
(440 gpm) for the first three hours of the event, the performance envelope is similar to existing
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designs that use active safety systems. When the PCS flow rate is reduced after three hours,
there is a tendency to slightly repressurize and maintain a pressure somewhere between 218.5
and 273.7 kPa (17 to 25 psig), well below the 411.6 kPa (45 psig) design value, until 30 hours
into the event when a further reduction in the PCS flow rate occurs. After 30 hours, there is
again a repressurization tendency with the resulting pressure being maintained at between
225.4 and 322.0 kPa (18 to 32 psig) for the remainder of the three-day design-basis
performance period of the PCS. The difference between the low- and high-pressure estimates
are determined by the credit given in the analyses to consider the effects of 2-D heat conduction
(between wet and dry regions of the containment shell) when less than full coverage of the
containment shell is expected. As discussed in Section 21.6.5, the staff believes that there is a
real effect from 2-D heat conduction. However, as an insufficient amount of test data is available
to validate this model, the staff is unable to determine how much credit should be given in
evaluating the Westinghouse design performance after 24 hours. In addition, the calculated
pressure is not used to demonstrate compliance with other regulatory requirements. Whether or
not credit is taken for 2-D heat conduction, the staff finds the design to be in compliance with
GDC 38 and the containment pressure and temperature following the limiting LOCA are
maintained at acceptably low levels. Although the containment pressure response is different
from current licensed plants, the PCS is acceptable and consistent with the passive design
objectives on which the AP600 PCS is based.

External Pressure Analysis

The staff reviewed the analysis conducted to determine the maximum external pressure, or
reverse differential pressure, that would result from design-basis events or inadvertent system
actuations. Conformance with the criteria of SRP Section 6.2.1.1.A, "Containment Functional
Design - PWR Dry Containments, including Subatmospheric Containments," forms the basis for
concluding whether Westinghouse's maximum external pressure analysis satisfies the following
requirement:

. GDC 16, as it relates to the reactor containment and associated systems being designed
to assure that containment design conditions important to safety are not exceeded for as
long as postulated accident conditions require

The worst case scenario presented by Westinghouse for the maximum external pressure was
the loss of all AC power sources during extreme cold weather. Specifically, the pressure
evaluation was conducted using the WGOTHIC code, and assumes that all ac power sources
are lost, resulting in a reduction of heat generated in containment. A -40 °C (-40 °F) ambient
temperature and a steady 21.5 m/sec (48 mph) wind outside of containment were also assumed,
in order to maximize cooling of the containment atmosphere and thus maximize the differential
pressure across the containment vessel. Other analytical assumptions were as follows:

. An initial internal containment temperature of 49 °C (120 °F) was assumed, to maximize
the heat transfer from the containment wall and thereby maximize the pressure differential
across the containment vessel.

» An initial internal relative humidity of 100 percent was assumed, to minimize the air in

containment, thereby allowing for a greater reduction in pressure from the condensation of
steam.
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¢ No air leakage into the containment during the transient was assumed.

At one hour after the event, the calculated differential pressure across the containment vessel is
approximately 13.8 kPa (2 psid), versus the design external pressure of 20.7 kPa (3.0 psid). To
mitigate the event, Westinghouse indicates in SSAR Section 6.2.1.1.4 that containment pressure
instruments (four total) would indicate the containment pressure, and operators could open the
containment ventilation purge isolation valves, which are powered by Ciass 1E batteries, to
restore containment pressure. Westinghouse indicates in the SSAR that operators would have
sufficient time to restore the pressure before reaching the design external pressure limit.

The staff notes that because the AP600 has no safety-related ac power, the loss of all ac power
is not a beyond-design-basis event, as it would be for a plant with safety-related ac. In its RAls,
the staff asked Westinghouse to identify other events that were considered, and to justify why
the loss of all ac with maximum ambient cooling is bounding for the maximum external pressure.
In its response to RAI 480.1043, Westinghouse indicated that events involving inadvertent
PCCS actuation, failed fan cooler controls, malfunction of containment purge valves, drainage of
the IRWST into containment, prolonged operation of the ejector in the primary sample system,
and the maximum ambient temperature change were also considered, but were found by
Westinghouse not to be bounding.

In particular, the staff asked Westinghouse why the event of an inadvertent actuation of the
PCCS with the containment fan coolers in operation would not be considered bounding. This
scenario is addressed in Section 2.2.12 of WCAP-14477, "The AP600 Adverse System
Interactions Evaluation Report,” Revision 1. The chilled water supply and return lines to the
containment recirculation cooling system fan coolers isolate following any event resulting in a
containment isolation signal to provide containment integrity. In response to RAI 480.1043,
Westinghouse indicated operation of the containment fan coolers is limited by the minimum
temperature (4.4 °C (40 °F)) of the chilled water system. Westinghouse further indicated that
the maximum heat transfer from containment for the external pressure transient was chosen
without PCCS operation because the heated water within the PCCS water storage tank
(minimum temperature of 4.4 °C (40 °F)) would tend to heat the containment shell particularly at
the elevated flow rates for the first 3.5 hours when compared to the extreme cold temperature.
The staff finds this reasoning acceptable, and finds that Westinghouse has identified the most
limiting case with regard to the maximum reverse differential pressure.

In a staff requirements memorandum, dated June 30, 1997, the Commission approved the
staff's recommendation that the AP600 include a containment spray system, or equivalent, for
accident management following a severe accident. The containment spray system is described
in Section 6.5.2 of the SSAR and the staff's evaluation of the system is found in

Section 19.2.3.3.9 of this report. The staff requested that Westinghouse consider the effect of
an inadvertent spray actuation on the maximum external pressure analysis.

As noted in SSAR subsection 6.5.2.1.4, the use of the containment spray during power
operation requires the opening of two manual valves, including a locked closed valve outside of
containment, and a remotely operated valve inside containment, from the MCR or remote
access workstation. Because of the isolation valves described above, the staff finds inadvertent
actuation of the containment spray system during power operations to be not credible.
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In response to RAI 480.1081F, Westinghouse stated that during shutdown modes the
containment isolation valves are open and the header for the fire protection water inside
containment is pressurized. When the header inside containment is pressurized, an additional
manual valve between the header and the remotely operated valve on the line to the spray ring
is closed. During shutdown modes, the pressure in the fire protection header is caused by the
head of water in the PCS storage tank on the roof of the shield building. Pressurization of the
spray ring by the water storage tank would result in flow through the nozzles, but insufficient flow
to produce a spray. To produce spray from the spray ring, a fire pump must be operating and
the appropriate valves open to the containment fire protection header. The connection from the
fire pumps to the containment header is normally closed with a manual valve located outside
containment. Because of this design configuration, the staff finds inadvertent actuation of the
containment spray system during shutdown operations to be not credible.

Westinghouse presented a design capability of 17.24 kPa (2.5 psid) Service Level A, and

20.7 kPa (3.0 psid) Service Level C for the AP600 containment. However, it did not present the
supporting analyses to show that these limits are not exceeded, nor did it provide a detailed
description of the event leading to the limiting external pressure. The SSAR did not include
calculations for the most limiting peak external differential pressure under DBA and severe
accident conditions. In the SSAR, Westinghouse stated that the external pressure condition was
combined with dead and live loads during normal operation; however, it was not clear whether
this also included the loads associated with DBA or severe accident conditions. This was Open
ltem 6.2.1.1-8.

On the basis of its review, the staff finds that Westinghouse has identified the bounding event for
the maximum external containment pressure. Westinghouse has satisfied GDC 16 by providing
acceptable margin between the maximum calculated reverse differential pressure and the
design differential pressure, and has indicated that operators would be able to restore
containment pressure before the reverse differential pressure design limit is reached, thereby
providing assurance that containment design conditions important to safety are not exceeded for
the duration of accident conditions. The staff therefore finds Westinghouse's maximum external
pressure analysis acceptable. Open ltem 6.2.1.1-8 is closed.

6.2.1.2 Subcompartment Analysis

The staff reviewed the analysis conducted to determine the maximum differential pressure, or
loading, that containment subcompartment walls would be subjected to as a result of the most
limiting postulated line break within a particular subcompartment. Conformance with the criteria
of SRP Section 6.2.1.2, "Subcompartment Analysis,"” and SRP 6.2.1.3, "Mass and Energy
Release Analysis For Postulated Loss of Coolant Accidents,” forms the basis for concluding -
whether Westinghouse's subcompartment analysis satisfies the following requirements:

« GDC 4, regarding the appropriate protection of structures, systems, and components
important to safety against dynamic effects that may result from equipment failures

. GDC 50, regarding the ability of the reactor containment structure and its internal

compartments to accommodate the calculated pressure and temperature conditions
resulting from any LOCA
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Selection of Postulated Breaks and Subcompartments

As discussed in Section 6.2.1.2 of the SSAR, Westinghouse has applied the leak-before-break
(LBB) concept to RCS high energy piping with a diameter of 15.24 cm (6 in.) or greater. The
general concept of LBB is that piping for which LBB has been demonstrated to be applicable, by
deterministic and experimental methods, would leak at a detectable rate from postulated flaws -
before catastrophic failure of the pipe would occur as a result of loads experienced under
normal, anticipated transient, and safe-shutdown earthquake conditions. Application of LBB to
the containment subcompartment analysis allows the postulated rupture of "large" pipes to be
precluded from the spectrun of postulated breaks.

GDC 4 states, in part, that "dynamic effects associated with postulated pipe ruptures ... may be
excluded from the design basis when analyses reviewed and approved by the Commission
demonstrate that the probability of fluid system piping rupture is extremely low under conditions
consistent with the design basis for the piping." Therefore, for the LBB concept to be acceptable
with respect to subcompartment analysis, the applicant must demonstrate that the probability of
a particular rupture is extremely low under design-basis conditions. At the time the DSER was
issued, the application of LBB to AP600 was still under review by the staff. This was DSER
Open item 6.2.1.2-4. Westinghouse has subsequently submitted analyses that demonstrate the
validity of LBB to the AP600. The staff's evaluation and acceptance of LBB for the AP600 is
discussed in Section 3.6.3 of this report. On the basis of the acceptance of LBB for the AP600,
Open ltem 6.2.1.2-4 is closed.

Table 6.2-7 summarizes the postulated breaks and design pressures for the subcompartments
analyzed. For all subcompartments, the postulated breaks envelope other line breaks that could
be postulated to rupture (in accordance with the size limits of LBB) in the particular area. In the
staff's DSER, Open Item 6.2.1.2-1 stated that it was not clear which subcompartment walls were
analyzed, and Open Item 6.2.1.2-3 stated that the design pressure of the walls was not made
clear. On the basis of the above table, Open ltems 6.2.1.2-1 and 6.2.1.2-3 are closed.

In the DSER, the staff questioned why the IRWST and reactor vessel cavity were not analyzed
fora 7.62 cm (3 in.) break. As described in Section 3.6.1.2 of the SSAR, the pressurization
loads for the IRWST are determined by the pressure and hydrodynamic loads from the
discharge of the first, second, and third stage of the automatic depressurization system (ADS).
Furthermore, the reactor vessel cavity was analyzed for asymmetric pressurization resulting
from a five-gpm leak rate crack in the primary piping. Westinghouse did not specifically state the
reasons for not applying the 7.62 cm (3 in.) double-ended guillotine (DEG) break as was done
with the other subcompartments. This was Open Item 6.2.1.2-2.

In SSAR Section 6.2.1.2.1.1, Westinghouse indicated that the reactor vessel cavity was not
analyzed for asymmetric loading caused by vessel pressurization because all of the piping in the
reactor vessel cavity is qualified to LBB. To ensure that no breaks were excluded from analysis,
the staff considered explicitly whether LBB also applied to the weld joining the RCS piping in the
vessel cavity and the "safe-ends," or nozzles, attached to the reactor vessel. Because the staff's
acceptance of LBB in Section 3.6.3 of this report encompasses pipe welds, breaks at weld
locations do not need to be postulated for LBB piping for the purpose of the subcompartment
pressurization analysis.
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Table 6.2-7 Postulated Breaks and Subcompartment Design Pressures

Subcompartment Postulated Break Subcompartment Design
Pressure (psid)

Steam generator 10.16 cm (4 in.) RCS line, 5
compartment and access 7.62 cm (3 in.) RCS line,
area 10.16 cm SG blowdown line,

and 10.16 cm pressurizer

spray line
Pressurizer valve room 10.16 cm RCS line 5
CVS room 7.62 cm RCS line 5
CVS pipe tunnel 10.16 cm 7.5

SG blowdown line
Maintenance floor and 0.093sg. m 5
operating compartment walls | (1 sq. ft.) main steamline

' -rupture

With regard to the IRWST, Westinghouse indicated in its response to RAI 480.1039, that the
sparger loads from ADS operation are the bounding loads. On the basis of the aforementioned
information concerning the reactor cavity and IRWST, Open Item 6.2.1.2-2 concerning loading
analyses for the IRWST and reactor cavity is closed. Westinghouse conducted an analysis to
determine the hydrodynamic loading on the IRWST due to ADS discharge. The staff's review
and acceptability of this analysis is discussed in Section 6.2.8 of this report.

Differential Pressure Analysis

To obtain the fluid mass and energy released from the postulated breaks, Westinghouse used
the modified Zaloudek correlation, except for the 5.08 cm (2 in.) pressurizer spray line break in

the pressurizer compartment, for which the NOTRUMP code was used because of the relatively
small size of that piping, and because it allowed the releases from both sides of the break to be
obtained. The modified Zaloudek correlation used for pipes other than the pressurizer spray line
helps create a smooth transition between subcooled and saturated flow regimes when the
pressure in the break element exceeds the saturation pressure. With the modified Zaloudek
correlation, Westinghouse assumed the mass flux to remain constant at initial full power
conditions to maximize the mass and energy release, resulting in a conservatively large release
to the containment. For all breaks, 10 percent was added to the mass and energy releases to
maximize the differential pressure.

In RAI 480.1050, the staff asked Westinghouse why NOTRUMP, instead of SATAN-VI, was
used for certain breaks. In its response, Westinghouse stated that NOTRUMP better models the
more complex depressurization that occurs with the vapor and subcooled liquid that is released
through both sides of the pressurizer spray line break. Also for the case of NOTRUMP, the
piping model does not include friction losses, the exclusion of which results in a higher pressure
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at the break and thus a greater mass release. Since NOTRUMP more accurately models the
AP600 depressurization, the staff finds this acceptable.

Westinghouse chose the initial conditions of the subcompartment atmosphere to maximize the
calculated differential pressures. These include use of the maximum allowable air temperature,
minimum pressure, and minimum relative humidity.

Westinghouse used the TMD computer code to calculate the differential pressure across the
subcompartment walls (Reference 2). It assumed 100 percent entrainment of fluid droplets
because this yielded the largest differential pressure. Westinghouse used the unaugmented
critical flow model option in TMD to predict the critical mass flow rate between nodes.
Furthermore, no credit was taken for vent paths which become available only after the break
occurs, such as blowout panels, doors, and collapsing insulation.

The staff finds that the aforementioned modeling assumptions meet the guidance in SRP
6.2.1.2. In particular, this guidance is as follows:

e  The nodalization should be chosen so that substantial pressure gradients do not exist
within a node, and 100 percent entrainment should be assumed.

»  Vent flow should be based on homogeneous mixture in thermal equilibrium with
100 percent water entrainment.

»  The maximum allowable air temperature, minimum pressure, and minimum relative
humidity should be assumed for initial conditions.

Westinghouse has noted that several of the subcompartments do not meet the 40 percent
pressure margin specified in SRP 6.2.1.2. However, substantial margin still exists. The staff
has determined that the few exceptions to the 40 percent margin are acceptable based on
Westinghouse's ITAAC commitment to perform the subcompartment analyses using as-built
data.

The staff reviewed the short-term mass and energy release data, and the methodology as it
applies to the AP600. This was Open Iltem 6.2.1.3-1.

The staff also finds that Westinghouse meets the guidance provided in SRP 6.2.1.3 regarding
the mass and energy release used in the analysis by the assumption of a constant mass
blowdown rate and use of an acceptable choked flow correlation. With regard to the choked
flow model, the staff has previously found use of the modified Zaloudek coefficient acceptable
through its approval of WCAP-8264, "Westinghouse Mass and Energy Release for Containment
Design." Furthermore, SATAN-VI has been found acceptable through the staff's review of
WCAP-10325, "Westinghouse LOCA Mass and Energy Release Model for Containment"
(Reference 1), and NOTRUMP has been found acceptable for use in currently licensed plants
for small line breaks as discussed in Section 21.6.2 of this report. This closes Open

ltem 6.2.1.3-1. ’

Although the staff approved the TMD and SATAN-VI codes used for subcompartment analysis

for previously licensed plants, it reviewed the use of these codes as they apply to the AP600, as
well as the modeling assumptions made by Westinghouse. This was Open ltem 6.2.1.2-5.
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In SRP 6.2.1.1.B, "lce Condenser Containments," the staff found the TMD code acceptable for
subcompartment analyses provided that the unaugmented critical flow model was used. While
the AP600 is not an ice condenser containment, the staff has previously found TMD acceptable
for non-ice condenser operating plants. :

The staff finds the aforementioned correlations, computer codes, and methodologies acceptable
for the AP600 subcompartment pressurization analysis. Open Item 6.2.1.2-5 regarding the
acceptability of SATAN-VI and TMD to the AP600 is now closed.

In conclusion, the staff finds that Westinghouse has satisfied GDC 4 with regard to containment
subcompartments by considering the dynamic effects of postulated pipe ruptures within
subcompartments. Consistent with GDC 4, Westinghouse has shown, by analysis, that pipe
breaks above a certain size can be precluded from that piping for which breaks must be
postulated. Furthermore, Westinghouse has satisfied GDC 50 by designing containment
subcompartment walls to withstand, with appropriate margin, the calculated differential
pressures resulting from pipe breaks postulated in accordance GDC 4. Therefore, the staff finds
Westinghouse's containment subcompartment pressurization analysis acceptable.

6.2.1.3 Mass and Energy Release Analyses for Postulated Loss-of-Coolant Accidents

Westinghouse documented mass and energy releases for two different types of transients,
including subcompartment differential pressure analysis and containment integrity analysis. The
first analysis (mass and energy release analyses in support of the subcompartment differential
pressure analysis) was referred to as a short-term analysis because it was focused on
blowdown. The staff evaluated these releases and found them acceptable with the criteria of
SRP Section 6.2.2, “Subcompartment Analysis,” and SRP Section 6.2.1.3, “Mass and Energy
Release Analysis For Postulated Loss of Coolant Accidents,” in Section 6.2.1.2,
“Subcompartment Analysis,” of this report. The evaluation in Section 6.2.1.2 of this report

- provided the basis for closure of Open Item 6.2.1.3-1.

The second type of analysis described the methodology used to determine the releases for the
containment pressure and temperature calculations using the WGOTHIC code (referred to as
the long-term analysis). These releases were used for the containment integrity analysis
discussed in Section 6.2.1.1 of this chapter.

The long-term analysis considered the limiting break size for containment integrity analysis and
the LOCA design basis as the complete DEG severance of the largest RCS pipe. The release
rates were calculated for pipe failure at two locations (i.e., the hot leg and the cold leg). These
break locations were analyzed for both the short-term and the long-term transients. Because
the initial operating pressure of the RCS is approximately 15,513 kPa (2250 psi), the mass and
energy would be released extremely rapidly when a break occurs. As the water exits from the
broken pipe, a portion of it would flash to steam because of the differences in pressure and
temperature between the RCS and containment. The RCS would depressurize rapidly because
break flow would exit on both sides of the pipe.

6-39 NUREG-1512



Engineered Safety Features

Long-Term Mass and Energy Release Data

A long-term LOCA analysis calculational model is typically divided into the following four phases:

(1)  blowdown, which includes the period from the accident initiation (when the reactor is in a
steady-state full power operation condition) to the time that the broken loop pressure
equalizes to the containment pressure

(2) refill, which is the time from the end of the blowdown to the time when the PCS refills the
vessel lower plenum '

(3) reflood, which begins when the water starts to flood the core and continues until the core
is completely quenched

(4) post-reflood, which is the period after the core has been quenched and energy is released
to the RCS primary system by the RCS metal, core decay heat, and the steam generators

The Westinghouse long-term analysis considered only the blowdown, reflood, and post-reflood
phases of the transient. The refill period is omitted from the analyses because Westinghouse
assumed that the refill period occurred immediately upon the end of biowdown, so that the
releases to the containment were maximized. This assumption is consistent with the guidance
provided in SRP 6.2.1.3, “Mass and Energy Release Analysis for Loss-of-Coolant Accidents,”
Section 11.3.c.

The AP600 long-term LOCA mass and energy releases were predicted for the blowdown phase
for postulated DECLG and DEHLG breaks. The blowdown phase mass and energy releases
were calculated using the SATAN-VI computer code (Westinghouse LOCA Mass and Energy
Release Model for Containment Design, WCAP-10325-P-A (Proprietary) and WCAP-10326-A
(Non-proprietary), May 1983 ).

The staff reviewed the long-term LOCA mass and energy release data, and the methodology as
it applies to the AP600. This was Open item 6.2.1.3-2.

The staff has determined that the SATAN-VI LOCA biowdown computer program is acceptable
for use in obtaining LOCA mass and energy releases for the LOCA blowdown phase for
containment analyses. SATAN-VI has been approved by the staff for this purpose, as discussed
in SRP 6.2.1.4, and models the AP600 passive safety features in a conservative manner. The
post blowdown mass and energy releases back into the containment atmosphere from the
accumulators, CMTs and IRWST injection into the RCS were found to be acceptable. The
increased mass and energy released from the primary system is consistent with the guidance in
SRP 6.2.1.4 and 6.2.1.1.A to maximize the calculated containment pressure and temperature.

In the AP600, for LOCA analyses, the break location switches to the fourth-stage ADS at about
1,000 seconds into the limiting LOCA scenario. Open Item 6.2.1.3-2 is, therefore, closed.
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Energy Sources

The following energy sources were accounted for by Westinghouse in the long-term LOCA mass
and energy calculation:

. decay heat

. core stored energy

. RCS fluid and metal energy

. steam generator fluid and metal energy
.. accumulators

. CMTs
. IRWST

. zirconium-water reaction

As noted in Section 6.2.1.1 of this chapter, the energy release from the zirconium-water reaction
has been included as an energy source for the WGOTHIC 4.2 SSAR analyses.

Westinghouse employed the following assumptions to analyze the core energy release for
maximum containment pressure:

. maximum expected opérating temperature

. allowance in initial temperature to account for instrument error and dead band

. margin in RCS volume (+1.4%)

. allowance in volume for thermal expansion (+1.6%)

. 100% full power operation

. allowance for calorimetric error (+2.0% of full power)

. conservatively modified coefficients of heat transfer, which ensure that RCS metal and

steam generator stored energies are released at a conservatively high rate

. allowance in core stored energy for effect of fuel densification

. margin in core stored energy (+15.0%)

»  allowance in initial pressure to account for instrument error and dead band
. margin in steam generator mass inventéry (+10.0%)

. 1% of the Zirconium around the fuel is assumed to react

The staff reviewed the methods and assumptions used to release the various energy sources
during the blowdown phase. This was Open Iltem 6.2.1.3-3. The staff found the methods and
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assumptions, which increase the stored energy in the primary system to be consistent with the
guidance in SRP 6.2.1.4 and 6.2.1.1.A to maximize the calculated containment pressure and
temperature, to be acceptable for the licensing analyses. Open Item 6.2.1.3-3 is, therefore,
closed. '

Description of Blowdown Model

Westinghouse employed the SATAN-VI model to determine the mass and energy released from
the RCS during the blowdown phase of a postulated LOCA. The model is described in
WCAP-10325, "Westinghouse LOCA Mass and Energy Release Model for Containment Design
- March 1979 Version," dated May 1983.

Description of Post-Blowdown Model|

Westinghouse used the mass and energy inventories at the end of blowdown to define the initial
conditions for the beginning of the reflood portion of the transient. The broken and unbroken
loop SG inventories were kept separate to account for potential differences in the cooldown rate
between the loops. In addition, the mass added to the RCS from the IRWST was returned to
containment as break flow so that no net change in system mass occurred.

Energy addition from decay heat was computed using the 1979 ANS standard (plus 2 sigma)
decay heat table. The energy release rates from the RCS metal and SGs metal were modeled
using exponential decay rates, which generally exhibit an initial rapid energy release followed by
a significantly slower, gradual release of energy.

The accumulator, CMT, and IRWST mass flow rates are computed from the end of blowdown to
the time the tanks empty. The rate of reactor coolant system mass accumulation is assumed to
decrease exponentially during the reflood phase. More CMT and accumulator flow is spilled
from the break as the system refills. The break flow rate is determined by subtracting the reactor
coolant system mass addition rate from the sum of the accumulator, CMT, and IRWST flow
rates.

The staff expressed concern with the use of SATAN-VI for the AP600 (RAI 480.945) because
SATAN-VI is not part of the large break LOCA code package submitted by Westinghouse for
AP600 large break LOCA analyses, and therefore had not been reviewed by the staff for this
application. Therefore, if Westinghouse was to use SATAN-VI to calculate mass and energy
releases to the containment during an AP600 large break LOCA, Westinghouse needed to
provide adequate justification to demonstrate that SATAN-V | gives conservative results and
demonstrate that SATAN-VI is capable of modeling AP600 components (e.g., spherical
accumulators, CMTs, 2 x 4 loop layout) and AP600 plant response.

In response to the RAI (Letter NSD-NRC-98-5530, “Revised Response to RAI 480.945,” dated
January 20, 1998), Westinghouse provided the requested justification.

Westinghouse stated that the variable noding structure of the SATAN model allows the user to
simulate current and advanced reactor coolant systems geometries with generalized control
volumes. The standard Westinghouse PWR reactor coolant system noding was modified to
specifically model the AP600 reactor coolant system geometry. This modeling included two cold
legs in the broken loop and the direct vessel injection (DVI) line to the downcomer.
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The primary differences between the AP600 design and current operating Westinghouse PWRs
are the engineered safety features. The safety features of current operating plants include
passive and active systems while the AP600 safety features are only passive. However, this
difference only affects long-term inventory makeup systems and not the system behavior during
the blowdown phase. The only safety feature which participates during blowdown is the
accumulator system which is included in both current plants and the AP600 and is modeled with
the NRC-approved LOCA mass and energy release methodology. The AP600 uses spherical
accumulators whereas currently operating Westinghouse designed plants use cylindrical
accumulators. The accumulator inventory is depleted well before the time of peak pressure so
any difference in discharge rate associated with the different accumulator geometry would have
an insignificant effect on the calculation for peak containment pressure. The gravity-driven core
makeup tanks (CMTs) do not operate in the blowdown time frame and are not included in the
SATAN-VI model. CMTs cannot inject into the common direct vessel injection line against the
pressure of the gas-charged accumulators during the blowdown phase of the accident.
Therefore, the methodology for calculating the mass and energy release to containment during
the blowdown is not affected by the AP600 passive systems.

No changes in the approved, conservative design basis methodology or modeling assumptions
as described in WCAP-10325-P-A have been made to the SATAN-VI code to model the AP600.
The behavior of the release of the initial RCS inventory during the initial blowdown for the AP600
is identical to current operating plants. The flexibility of the noding structure in a SATAN-VI
model allows for an accurate representation of the AP600 geometry.

Therefore, the SATAN-VI code is acceptable for predicting the mass and energy releases during
the blowdown phase for the AP600 design.

Mass that is added to and remains in the vessel is assumed to be raised to saturation.
Therefore, the actual amount of energy available for release to the containment for a given time
period is determined from the difference between the energy required to raise the temperature of
the incoming flow to saturation and the sum of the decay heat, core stored energy, RCS metal
energy and SG mass and metal energy release rates. The energy release rate for the available
break flow is determined from a comparison of the total energy available release rate and the
energy release rate assuming that the break flow was 100 percent saturated steam. Saturated
steam releases maximize the calculated containment pressurization.

The staff reviewed the post-blowdown model, as it applies to the AP600. This was Open
ltem 6.2.1.3-4.

The staff found the post-blowdown model, which increases the mass and energy released from
the primary system to be consistent with the guidance in SRP 6.2.1.4 and 6.2.1.1.A to maximize
the calculated containment pressure and temperature, to be acceptable for the licensing
analyses. Therefore, Open ltem 6.2.1.3-4 is closed.

Single Failure Analysis

The assumptions for the containment mass and energy release analysis are intended to
maximize the calculated release. For the LOCA mass and energy releases, a single failure
could reduce the flow rate of water to the RCS, but would not disable the passive core cooling
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function. For example, if one of the two parallel vaives from the CMT were to fail to open, the
injection flow rate would be reduced and, as a result, the break mass release rate would
decrease. Therefore, to maximize the releases, the AP600 mass and energy release
calculations conservatively do not assume a single failure. The effects of a single failure in the
PCS are taken into account in the containment analysis.

When the DSER was written, it was not clear whether passive system reliability, as identified in
Open Item 6.2.1.3-5, was an issue. Passive system reliability and its application to the AP600
was reviewed by the staff, as discussed in Section 22.5.4. Open Item 6.2.1.3-5 is closed.

Metal-Water Reaction

Westinghouse did not consider the metal-water reaction as an energy source in calculating the
mass and energy releases to containment. Westinghouse's justification for this was that the
calculated fuel temperatures were low enough to preclude zirconium water reaction.

According to Section 6.2.1.3 of the SRP and GDC 50, this energy should have been considered
in the calculations. The treatment of metal-water reaction energy as an energy source was
discussed with Westinghouse. This was Open Item 6.2.1.3-6.

Westinghouse now considers the metal-water reaction as an energy source in calculating the
energy releases to containment. Open Item 6.2.1.3-6 is therefore considered to be closed.

Containment Response Analysis and Initial Conditions

Westinghouse employed the WGOTHIC computer code to determine the containment response
following a LOCA. The staff's review of the initial conditions for LOCA analyses, the WGOTHIC
code, and its results are discussed in Section 6.2.1.1 of this report.

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary System Pipe Rupture
Inside Containment

A steamline rupture occurring in containment releases significant amounts of high-energy steam
to the containment environment, resulting in high containment temperatures and pressures
which may challenge design limits. Various break sizes and power leveis are analyzed to
determine the limiting break case for containment integrity. Steamline breaks are postulated to
occur with the plant in any operating condition ranging from hot shutdown to full power. Since

- steam generator mass decreases with increasing power level, breaks occurring at a lower power
generally result in a greater total mass release to the containment. Because of increased
energy storage in the primary plant, increased heat transfer in the steam generators, and
additional energy generation in the nuclear fuel, the energy released to the containment from
breaks postulated to occur during power operation may be greater than for breaks occurring with
the plant in a hot-shutdown condition. Additionally, steam pressure and the dynamic conditions
in the steam generators change with increasing power. They have significant influence on both
the rate of blowdown and the amount of moisture entrained in the fluid leaving the break
following an event.

Break area is also important when evaluating steamline breaks. It controls the rate of releases
to the containment, and influences the steam pressure decay and the amount of entrained water
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in the biowdown flow. The MSLB analysis, to determine the limiting break case for peak
containment pressure, includes a spectrum of four breaks at each of four initial power levels,
resulting in a total of sixteen cases. Included are three double-ended ruptures and one split
rupture, as follows:

. A full double-ended pipe rupture downstream of the steamline flow restrictor. For this
case, the actual break area equals the cross-sectional area of the steamline, but the
blowdown from the stéam generator with the broken line is controlled by the flow restrictor
throat area (0.1 n? (1.39 ) nominal). The reverse flow from the intact steam generator is
controlled by the smaller of the pipe cross-section, the steam stop valve seat area, or the
total flow restrictor throat area in the intact steam generator. The reverse flow has been
conservatively assumed to be controlled by the flow restrictor in the intact loop steam
generator.

. An intermediate size double-ended rupturé having an area of 0.037 nf (0.4 ft2).
. A small double-ended rupture having an area of 0.01 nt (0.1 f2).

. A split rupture representing the largest break which can neither generate a steamline nor a
feedwater isolation signal from the primary protection equipment. Steam and feedwater
line isolation signals are generated by high containment pressure signals for this type of
break.

Because of the opposing effects of changing power level on steamline break releases, no singie
power level can be identified as a worst case initial condition for a steamline break event.
Therefore, several different power levels spanning the operating range as well as the hot
shutdown condition were analyzed.

The effects of the assumption of the availability of offsite power are enveloped in the analysis.
Offsite power is assumed to be available where it maximizes the mass and energy released
from the break because of the following:

. The continued operation of the reactor coolant pumps, until automatically tripped as a
result of CMT actuation, maximizes the energy transferred from the reactor coolant
system to the steam generator.

. The continued operation of the feedwater pumps and actuation of the startup feedwater
system, until they are automatically terminated, maximizes the steam generator
inventories available for release.

. The AP600 is equipped with a passive safeguards system including the CMT and the
passive residual heat removal (PRHR) heat exchanger. Following a steamline rupture,
these passive systems are actuated when their setpoints are reached. This decreases the
primary coolant temperatures. The actuation and operation of these passnve safeguards
systems do not require the availability of offsite power.

When the PRHR is in operation, the core-generated heat is dissipated to the IRWST via the
PRHR heat exchanger. This causes a reduction of the heat transfer from the primary system to
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the steam generator secondary system and causes a reduction of mass and energy releases via
the break.

Thus, the availability of ac power in conjunction with the passive safeguards system (CMT and
PRHR) maximizes the mass and energy releases via the break. Therefore, blowdown occurring
in conjunction with the availability of offsite power is more severe than cases where offsite power
is not available. :

Initial analyses, which considered single active failure of either one main steamline isolation
valve or one feedwater isolation valve, determined that the main feedwater isolation valve failure
is not limiting. The spectrum of cases analyzed to determine the limiting MSLB event all assume
the failure of one main steam isolation valve.

The containment response to the MSLB event is determined by the magnitude and duration of
the mass and energy releases, the containment volume, steam/air circulation to the heat sinks,
and time response of the heat sinks. Because of the nature of the secondary side releases
discussed in the previous section, the MSLB transient is characterized by the addition of
superheated steam to the containment throughout the transient.

Consistent with the guidance established in NUREG-0588, a value of 8 percent revaporization is
assumed for all MSLB transients analyzed.

The pipe break spectrum analysis has identified the full double-ended rupture at 30 percent
power as the limiting break with respect to peak containment pressure. This limiting case yields
a peak containment pressure of 405.4 kPa (44.1 psig) at approximately 570 seconds into the
event. The containment pressure continues to rise until the secondary side blowdown is
complete. Once blowdown is completed, there is no additional mass or energy released to
containment. With no mass and energy source, the containment pressure decreases rapidly as
the internal heat sinks and PCS continue to absorb energy.

Significant Parameters Affecting Steamline Break Mass and Energy Releases

The following four major factors influence the release of mass and energy following a steamline
break:

(1) steam generator fluid inventory

(2) primary-to-secondary heat transfer

(3) protective system operation

(4) the state of the secondary fluid blowdown

The following is a list of plant variables that have a significant influence on the mass and energy
releases:

. plant power level

. main feedwater system design

. startup feedwater system design

. postulated break type, size, and location
. availability of offsite power
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. safety system failures ,
. steam generator reverse heat transfer and RCS metal heat capacity

The staff reviewed the significant parameters affecting steamline break mass and energy
releases as they apply to the AP600. For example, Westinghouse had not clarified how
non-safety system operation could affect the postulated mass and energy releases. This was
Open Item 6.2.1.4-1. .

Westinghouse has clarified how non-safety system operation could affect the postulated mass
and energy releases and determined that continued ac power would be limiting. Open
item 6.2.1.4-1 is, therefore, closed.

Description of Blowdown Model and Mass and Energy Release Data

In this AP600 analysis, Westinghouse employed the blowdown models described in
WCAP-8822, "Mass and Energy Releases Following a Steamline Rupture,” by R.E. Land, dated
September 1976. The LOFTRAN-AP computer program is used to determine the mass and
energy releases from stream line breaks (Carlin, E. L. and U. Bachrach, "LOFTRAN and
LOFTTR2 AP600 Code Applicability Document,” WCAP-14234, Revision 1 (Proprietary),

June 1997).

During the staff’s initial reviewed the application of these methodologies to the AP600, it was not
clear that the above cited methodologies reflected current technology by including the effect of
steam generator superheat. This was Open ltem 6.2.1.4-2.

The staff completed its review of the application of these methodologies to the AP600 and found
them to be acceptable for licensing analyses. The above cited methodologies reflect current
technology by including the effect of steam generator superheat. Therefore, Open

ltem 6.2.1.4-2 is closed.

Containment Response Analysis and Initial Conditio_ns

Westinghouse employed the WGOTHIC computer code to determine the containment response
following a steamiine break. The staff's review of the initial conditions for steamline break
analysis, the WGOTHIC code, and its results are discussed in Section 6.2.1.1 of this report.

6.2.1.5 Minimum Containment Pressure Analysis for Performance Capability Studies of
Emergency Core Cooling Systems

The staff reviewed the analysis conducted to determine the minimum containment pressure that
could exist during the period of time until the core is reflooded following a LOCA. It conducted
this review to confirm the validity of the pressure used as a boundary condition in ECCS
performance studies. Conformance with the criteria of SRP Section 6.2.1.5, "Minimum
Containment Pressure Analysis for Emergency Core Cooling System Performance Capability
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Studies," forms the basis for concluding whether Westinghouse's minimum containment
pressure analysis satisfies the following requirements:

. Appendix K to 10 CFR 50, which requires that the containment pressure used in ECCS
reflood calculations not exceed a pressure calculated conservatively for that purpose

. 10 CFR 50.46, which requires, in part, that ECCS cooling performance be calculated in
accordance with an acceptable evaluation model

Section 6.2.1.5 of the SSAR discusses the containment analysis used to determine the minimum
backpressure for input as a boundary condition in the ECCS evaluation model. Generally, the
core flooding rate of a PWR is dependent on the ability of the ECCS to displace steam

- generated in the reactor vessel, and there is a direct correlation between the containment
pressure and the rate of core reflood. Minimizing the containment pressure used as a boundary
condition in the ECCS analysis is therefore considered conservative. Any pressurization of the
containment above 101 kPa (14.7 psia) will enhance the calculated ECCS performance of the
APB600 limiting case, large-break LOCA presented in Section 15.6.5 of the SSAR.

The calculated containment backpressure used by Westinghouse for the AP600 hot-leg and
cold-leg guillotine and split breaks for the ECCS analysis is presented graphically in
WCAP-14171-P. The "peak" minimized containment pressure is approximately 290 kPa

(27.3 psig), as compared to the peak pressure of approximately 412 kPa (45 psig) calculated for
containment design and leakage considerations.

As discussed in SSAR Section 6.2.1.5 and WCAP-14171-P, Revision 1, "WCOBRA/TRAC
Applicability to AP600 Large-Break Loss-of-Coolant Accident", a single-node WGOTHIC model
was used to calculate the minimum containment pressure. Conditions used to minimize the
calculated containment pressure were as follows:

. initial pressure of 101 kPa (14.7 psia)

. initial temperature of 32 °C (90 °F)

. initial relative humidity of 99%

. a temperature of -18 °C (0 °F) was assumed in the shield building annulus

. 10 percent was added to the containment volume

. passive heat sink surface areas were increased by a factor of 2.1

. during the blowdown period inside containment, the Tagami heat transfer correlation with

a multiplier of 4 was used

. for the post-blowdown period inside containment, the Uchida heat transfer correlation with
a multiplier of 1.2 was used

. containment purge was assumed to be in operation through two 38.1 cm (15 in) diameter
lines (16-inch schedule 40 pipe) until the lines are isolated at 22 seconds following the
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beginning of the LOCA. (This was clarified in the Westinghouse response to
RAI 480.1136F.)

These assumptions are consistent with those outlined in BTP CSB 6-1, "Minimum Containment
Pressure Model For PWR ECCS Performance Evaluation" of SRP 6.2.1.5. The mass and
energy releases used in the minimum containment pressure analysis were determined by the
requirements of Appendix K to 10 CFR 50, and are described in WCAP-14171-P. These mass
and energy releases are consistent with SRP 6.2.1.5, which specifies that the releases should
be on the basis of Appendix K of 10 CFR 50.

BTP CSB 6-1 also states that the mixing of subcooled ECCS water from the break with steam
atmosphere should be assumed to minimize the pressure. In RAI 480.1046, the staff asked
Westinghouse if this assumption had been made. In its response, Westinghouse stated that all
mass and energy released from the break during blowdown was assumed to mix with the
containment atmosphere, and that spillage of ECCS water into the containment was not
modeled, because all ECCS injection is directly into the vessel and there is no line for it to spill
from.

In addition, BTP CSB 6-1 specifies that pressure reducing equipment, such as containment
sprays and containment fan coolers, should be assumed to be running to minimize the
containment pressure. However, in Westinghouse's minimum backpressure analysis, the
containment recirculation cooling system was not assumed to be operating. In RAI 480.1049,
the staff asked Westinghouse to provide the rationale for not considering operation of the
containment recirculation cooling units, since their operation could be expected to lower the
containment pressure. In its response to RAI 480.1049, Westinghouse stated that at six
seconds following the initiation of the accident, the containment recirculation cooling system
would be secured on a containment isolation signal, and that the impact of operation of the
cooling system for six seconds would be small. Furthermore, Westinghouse indicated that
because the break flow is dominated by critical flow during the period when the peak clad
temperature occurs, a lower containment pressure would have no effect on the RCS or cladding
temperature. '

In response to RAI 480.1045, Westinghouse indicated that PCCS flow was not modeled
because the time period of interest in the analysis is approximately the first 150 seconds after a
LOCA. During this time, the containment shell would not have heated up enough to significantly
affect the containment pressure. The staff finds Westinghouse's responses to RAls 480.1045
and 480.1049 acceptable. In addition, prior to actuation of the fourth stage of the ADS there is
limited communication between the containment and the RCS. AP600 thermal-hydraulic
analyses, performed for the staff using the TRAC 4 computer model, indicate that the actuated
fourth stage ADS valves are adequately sized and are not sensitive to containment pressure.

In conclusion, the staff finds that Westinghouse has satisfied that part of Appendix K to 10 CFR
50 which requires that a conservative backpressure be used in ECCS reflood calculations, and
has satisfied, in part, 10 CFR 50.46, inasmuch as the analysis used to calculate the
containment backpressure is acceptable. In particular, Westinghouse has performed its
minimum containment backpressure analysis using assumptions that minimize the calculated
backpressure, and which are consistent with those assumptions acceptable to the staff, by
following the guidance given in BTP CSB 6-1 of SRP 6.2.1.5. Furthermore, Westinghouse has
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followed the guidance given in SRP 6.2.1.5 regarding the mass and energy releases; these
releases are acceptable on the basis of the staff's findings in Section 15.6.5 of this report.

The staff reviewed the application of a constant backpressure of 101 kPa (14.7 psia) in
performance capability studies of the AP600 ECCS. This was Open item 6.2.1.5-1.

Westinghouse presented the mass and energy releases to the containment during the
blowdown and reflood portions of the limiting DECLG break transient at a Moody discharge
coefficient of 0.8 (CD=0.8) in Table 6.2.1.5-1 of the SSAR, as computed by the WCOBRA/TRAC
code. The staff reviewed the application of this methodology to the AP600. This was Open
ltem 6.2.1.5-2.

On the basis of the aforementioned considerations, the staff finds the minimum containment
backpressure analysis acceptable. Therefore, Open ltem 6.2.1.5-1 regarding the acceptability of
the minimum backpressure analysis and Open Item 6.2.1.5-2 concerning the acceptability of the
mass and energy releases are closed. However, closure of Open ltems 6.2.1.5-1 and 2 applies
to the containment backpressure analysis only. The acceptability of the credited backpressure
has been evaluated in the overall context of the ECCS performance capability studies. The
staff's evaluation concerning these studies are discussed in Section 15.2.6.5 of this report.

6.2.1.6 Testing and Inspection

Westinghouse summarizes the functional testing and inspection of the containment vessel in
Section 6.2.1.7 of the SSAR. Testing and inservice inspection of the containment vessel is
described in Section 3.8.2.6 of the SSAR, while isolation testing is described in Section 6.2.3 of
the SSAR, and leak testing is described in Section 6.2.5 of the SSAR. The valves of the passive
containment cooling system are periodically stroke tested, and Section 6.2.2 of the SSAR
provides a description of the testing and inspection. Testing and inspection will be consistent
with regulatory requirements and guidelines. For example, containment isolation valves will be
reviewed against the requirements of Appendix J to 10 CFR Part 50, and GL 89-10.

The baffle between the containment vessel and the shield building is equipped with removable
panels and clear observation panels to allow for inspection of the containment surface. See
Section 3.8.2 of the SSAR for the requirements for inservice inspection of the steel containment
vessel. Section 6.2.2 of the SSAR provides a description of the testing to be performed.

Westinghouse states that testing is not required on any subcompartment vent or on the
collection of condensation from the containment shell. The collection of condensate from the
containment shell and its use in leakage detection are discussed in Section 5.2.5 of the SSAR.

The passive containment cooling system is designéd to permit periodic testing of system
readiness as speciﬂed in the technical specifications. .

Preoperational Testing

Preoperational testing of the passive containment cooling system is verified to provide adequate
cooling of the containment. The flow rates are confirmed at the minimum initial tank level, an

NUREG-1512 6-50



Engineered Safety Features

intermediate step with all but one standpipe delivering flow and at a final step with all but two
standpipes delivering to the containment shell. The flow rates are measured utilizing the
differential pressure across the orifices within each standpipe and will be consistent with the
following minimum flow rates (SSAR Table 6.2.2-1): '

1673.2 L/m (442 gpm) at the minimum operating water level
467.5 LUm (123.5 gpm) at a level after the first standpipe is uncovered
274.4 Lim (72.5 gpm) at a level after the second standpipe is uncovered

The containment PCS water coverage fraction (wetted surface area) will also be measured at
the base of the upper annulus, in addition to the measurements at the spring line. A full flow test
using the PCS water storage tank to deliver the flow will be performed. An additional test will be
performed at a lower flow rate using the PCS recirculation pumps to deliver the flow. A throttle
valve will be used to obtain the low flow rate (less than the full capacity of the PCS recirculation
pumps). This flow rate will be re-established for subsequent tests over the life of the plant using
the throttle valves. These two benchmark tests will be used to develop acceptance criteria for
the technical specifications. The full flow condition is selected because it is the most important
flow rate with respect to the peak pressure and the lower flow rate is selected to verify the
wetting characteristics of the containment exterior surface at less than full flow conditions.

The standpipe elevations are verified to be at the values specified in SSAR Table 6.2.2-2.

The inventory within the tank is verified to provide 72 hours of operation from the minimum initial
operating water level with a minimum fiow rate over the duration in excess of 237.4 Lim
(62.7 gpm). The flow rates are measured utilizing the differential pressure across the orifices
within each standpipe.

The containment vessel exterior surface, above the 41.2 m (135 ft-3 in) elevation, is verified to
be coated with an inorganic zinc coating. The containment vessel interior surface, from 2.1 m
(7 ft) above the operating deck, is verified to be coated with an inorganic zinc coating (See
SSAR Section 6.1.2.1.5)

The passive containment cooling air flow path will be verified at the following locations:

. air inlets

. base of the outer annulus
. base of the inner annulus
. discharge structure

With either a temporary water supply or the passive containment cooling ancillary water storage
tank connected to the suction of the recirculation pumps and with either of the two pumps
operating, the flow rate to the passive containment cooling water storage tank will be in excess
of 62.7 gpm. Temporary instrumentation or changes in the passive containment cooling water
storage tank level will be utilized to verify the flow rates. The capacity of the passive containment
cooling ancillary water storage tank is verified to be adequate to supply 62.7 gpm for a duration
of 4 days.
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The passive containment cooling water storage tank provides makeup water to the spent fuel
pool. When aligned to the spent fuel pool the flow rate is verified to exceed 50 gpm. Installed
instrumentation will be utilized to verify the flow rate. The volume of the passive containment
cooling ancillary water storage tank is verified to exceed 400,000 gallons.

Additional details for preoperational testing of the passive containment cooling system are
provided in SSAR Chapter 14, and discussed in Section 14.

The staff finds the preoperational testing program, in combination with the supplemental initial
test program, adequately verifies the PCS water delivery flow rates, wetted surface areas, and
volume of PCS water available. These tests verify the PCS characteristics used in the licensing
analyses and are acceptable. The initial test program is described in SSAR Section 14.2.9.1.4,
“Passive Containment Cooling System.”

Operational Testing

Operational testing is performed to:

. Demonstrate that the sequencing of valves occurs on the initiation of Hi-2 containment
pressure and demonstrate the proper operation of remotely operated valves.

. Verify valve operation during plant operation. The normally open motor-operated valves, in
series with each normally closed air operated isolation valve, are temporarily closed. This
closing permits isolation valve stroke testing without actuation of the passive containment
cooling system.

. Verify water flow delivery, consistent with the accident analysis.

. Verify visually that the path for containment cooling air flow is not obstructed by debris or
- foreign objects. :

. Test frequency is consistent with the plant technical specifications (SSAR Section 16.3.6)
and inservice testing program (SSAR Section 3.9.6).

The operational testing program assures that the PCS is available and maintained consistent
with the licensing analyses. The staff finds the operational testing program acceptable.

6.2.1.7 Containment Instrumentation Requirements

Instrumentation is provided to monitor the conditions inside the containment and to actuate the
appropriate ESFs, should those conditions exceed the predetermined levels.

10 CFR 50.34(f)(2)(xvii) requires the following instrumentation to measure, record, and readout
in the control room:

. containment pressure

. containment water level

. containment hydrogen concentration

. containment radiation intensity (high level)

. noble gas effluents at all potential accident release points

NUREG-1512 6-52



Engineered Safety Features

In addition to these parameters, RG 1.97 recommends that instrumentation to monitor
containment atmosphere and sump water temperature be provided. The AP600 post-accident
monitoring system is described in Chapter 7 of the SSAR, considering the recommendations in
RG 1.97. Instrumentation to monitor RCS leakage into containment is described in Section 5.2.5
of the SSAR.

The containment pressure is measured by four independent pressure transmitters, and the
signals are fed into the ESF actuation system, as described in Section 7.3.1 of the SSAR. Upon
detection of high pressure inside the containment, the appropriate safety actuation signals are
generated to actuate the necessary safety-related systems. A low-pressure alarm exists;
however, it does not actuate the safety-related systems.

The containment atmosphere radiation level is monitored by four independent area monitors
located above the operating deck inside the containment building. The measurements are
continuously fed into the ESF actuation system logic. Section 11.5 of the SSAR provides
information on the containment area radiation monitors, while the ESF actuation system
operation is described in Section 7.3 of the SSAR.

The containment hydrogen concentration is measured by the hydrogen concentration monitoring
subsystem (HCMS). The HCMS is described in Sections 6.2.4 and 7.5 of the SSAR and was
evaluated by the staff in Section 6.2.5 of this report. The amount of time for the postaccident
hydrogen monitoring system to become operable was Open ltem 6.2.1.7-1. The response time
of the sensor is at least 90 percent in 10 seconds. As part of the preoperational and inservice
testing programs, the COL applicant is responsible for verifying that the response time of the
procured instrument meets the recommendations of item 1I.F.1 of NUREG-0737. As detailed in
Section 1.9 of the SSAR, the hydrogen monitoring system is designed in compliance with the
recommendations of NUREG-0737. Therefore, Open Item 6.2.1.7-1 is closed.

Table 7.5-1, "Post-Accident Monitoring System," of the SSAR contains the instrumentation
provided to meet the guidance of RG 1.97. Table 7.5-1 includes instrumentation capable of
monitoring the atmospheric temperature of containment and the containment sump's water level
and temperature in a harsh environment. Containment temperature is measured from

0-204 °C (32 - 400 °F). Containment water level can be monitored from the 72 foot elevation
to the 108 foot elevation. The staff concluded that containment cooling status can be
determined through alternative means to direct reading of containment sump water temperature.
The alternative means include either Category 2 residual heat removal heat exchanger inlet or
outlet temperature. In the AP600, containment sump water temperature is monitored as a
Category 2 variable from 10 - 260 °C (50 - 500 °F) at the PRHR heat exchanger outlet.

The containment instrumentation described above has been designed to meet the guidance of
Item I1.LF.1 of NUREG-0737 and RG 1.97. The staff concludes that this instrumentation meets
the regulations and standards in SRP Section 6.2.1.1.A-1.G. and 10 CFR 50.34(f)(2)(xvii).
6.2.1.8 Debris in IRWST and Containment Sumps - Strainer Clogging

On December 3, 1985, the NRC issued GL 85-22, “Potential For Loss of Post-LOCA

Recirculation Capability Due to Insulation Debris Blockage.” This GL informed licensees of
operating reactors, applicants for operating licenses, and holders of construction permits of the
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resolution of Unresolved Safety Issue (USI) A-43, “Containment Emergency Sump
Performance”.

The technical concerns evaluated under US| A-43 are as follows:

. sump hydraulic performance under post-LOCA conditions resulting from potential vortex
formation and air ingestion, and subsequent pump failure

»  possible transport of large quantities of LOCA-generated insulation debris resulting from a
pipe break to the sump debris screen(s), and the potential for sump screen (or suction
strainer) blockage to reduce net positive suction head (NPSH) margin below that required
for the recirculation pumps to maintain long-term cooling

«  capability of RHR and containment spray system (CSS) pumps to continue pumping when
subjected to possible air, debris, or other effects, such as particulate ingestion on pump
seal and bearing systems

GL 85-22 did not recommend any actions by the addressees, but did recommend that the
findings of USI A-43 be applied to any changes to the thermal insulation used inside
containment. The technical data and conclusions related to this topic were discussed in
NUREG-0897 (Revision 1) and in Revision 1 to RG 1.82, “Sumps for Emergency Core Cooling
and Containment Spray Systems.”

Since that time, several significant events have occurred at operating plants, including the
plugging of containment spray system suction strainers at the Barseback plant in Sweden, and
the clogging of ECCS suction strainers at the Perry Nuclear Power Plant in Ohio and the
Limerick plant in Pennsylvania. These incidents are discussed in NRC Bulletin 96-03. The
Barseback event demonstrated the potential for a pipe break to generate insulation debris and
transport a sufficient amount of this debris to the suppression pool to clog the ECCS strainers.
Two events at the Perry Nuclear Power Plant demonstrated the deleterious effects on strainer
pressure drop caused by the filtering of suppression pool particulates (corrosion products) by
fibrous glass materials entrained on the ECCS strainer surfaces. The Limerick event
demonstrated the need to ensure adequate suppression pool cleanliness. Corrosion products
had combined with fibrous material to completely cover the suction strainer screens with a thin
layer of "mat" which resulted in a greatly increased pressure drop across the screens. NRC
Bulletin 96-03 provides guidance for the final resolution of this issue for BWRs. The
Boiling-Water Reactor Owners Group (BWROG) has prepared the Utility Resolution Guidance
report (NEDO-32686) and technical support documentation, dated November 20, 1996, to
provide guidance on implementing this bulletin. As discussed below, some data from the
BWROG Utility Resolution Guidance report was applied to the AP600 design.

The staff had originally proposed that the advanced designs should have the ability to back flush
the suction strainers (that is, remove debris from the screens by applying a reverse pressure
gradient), which is similar to the resolution taken in Sweden for the Barseback plant. However,
in evaluating the events mentioned above, the staff decided that an increase in the strainer size
was adequate. As a result, in the Section 6.2.1.9 of the FSER on the design certification of the
Advanced Boiling Water Reactor Design (NUREG-1503), the staff stated that an acceptable
resolution for the advanced designs would be to size the ECCS suction strainers in accordance
with RG 1.82, Revision 1, but with a factor of three screen area margin. Since that time,
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understanding of the technical issues has advanced considerably as the result of testing and
calculations done by both the NRC and the BWROG. It is the staff's view that the factor of three
in margin is not necessary because of this better understanding of the technical issues. Instead,
a more mechanistic approach that still provides sufficient conservatism is acceptable. This is
the approach taken for the AP600 to provide assurance of the availability of emergency cooling
when required.

Section 6.3 of the SSAR provides information on the operation of the passive core cooling
system (including coolant recirculation following a LOCA) and a description of the debris
screens. SSAR Appendix 1A describes the conformance of the sumps with RG 1.82.

Tests have shown that fibrous insulation deposited on suction screens has the potential, when
deposited on a screen mesh, especially when combined with particulates, to significantly
increase the pressure drop across the screens. Westinghouse has not provided the staff with
the exact amount of fibrous insulation that will be present inside the containment. However,
SSAR Section 6.3.2.2.7.1 states the following

Metal reflective metallic insulation is used on lines subject to loss-of-coolant accidents that
are not otherwise shielded from the blowdown jet. As a result, fibrous debris is not
generated by loss-of-coolant accidents. Insulation located in a spherical region within a
distance equal to 12 inside diameters of the LOCA pipe break is assumed to be affected by
the LOCA when there are intervening components, supports, structures, or other objects....
In the absence of intervening components, supports, structures and other objects insulation
in a cylindrical area extending out a distance equal to 45 inside diameters from the break
along an axis that is a continuation of the pipe axis and up to 5 inside diameters in the
radial direction from the axis is assumed to be affected by the LOCA.

This is acceptable to the staff. The distances from a reactor coolant system pipe to the nearest
allowable locations of fibrous insulation are based on calculations performed for the NRC staff
by Science and Engineering Associates, Inc. (SEA), and data taken from tests performed by the
BWROG and described in the BWROG Utility Resolution Guidance report NEDO-32686,
referenced above. A spherical destruction zone for insulation is permissible in regions in which
shock waves from the pipe break will be reflected and attenuated by intervening structures.
Where there are no intervening structures, the SEA calculations and BWROG tests show that
fibrous insulation can be degraded into readily transportable pieces up to distances equnvalent to
45 times the inner diameter of the ruptured pipe.

Testing performed by the staff and the BWROG as part of the resolution of the issue of ECCS
strainer blockage in boiling water reactor (BWR) suppression pools shows that the choice of
reflective metallic insulation (RMI) for use inside the AP600 containment will significantly reduce
the amount of screen blockage in comparison with fibrous insulation. Screen head loss is
caused primarily by the smaller RMI debris sizes resulting from the fragmentation of the inner
reflective foils. It would be much less likely that the large internal foils, large pieces of intact foils,
~ the intact RMI assemblies, end disks and cassette sheaths, side panels and other large pieces
could be transported in sufficient amount to cause a significant head loss at the recirculation
screens and, based on the flow path, could not be transported to the IRWST screens. In
addition, the small RMI debris does not interact with particulate debris in the same way that
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fibrous debris does (the so-called “filtering” effect) to result in a large head loss across the
screens.

The low transport velocities of the AP600 and the long (up to five hours) time before the
recirculation mode is initiated will further limit the transport of RMI and any other potential debris
to the recirculation screens.

There are two sets of screens included in the design of the AP600. These are the IRWST
screens and the recirculation screens. The IRWST screens are vertical screens, each 6.5 m?
(70 ft?) in area, located inside the IRWST at the bottom of the tank. Two separate screens are
provided at opposite ends of the tank. The SSAR states in Section 6.3.2.2.7.2 that the IRWST is
closed off from containment and its vents and overflows are normally closed by louvers. Thus, it
would be difficult for debris to enter the IRWST during normal operation. In addition, the IRWST
is made of stainless steel and will not generate the type of corrosion products that caused
problems in operating BWR suppression pools. Section 6.3.8.1 of the AP600 SSAR states that
the COL applicant referencing the AP600 will address a program to limit the amount of debris
that might be left in containment following refueling and maintenance outages. The staff finds
this acceptable. This is COL Action Item 6.2.1.8-1. Technical specification 3.5.6.9 requires
visual inspection of the IRWST and recirculation screens every 24 months to ensure that they
are not restricted by debris. Technical specification 3.5.4.6 requires a visual inspection of the
gutters (which are part of the containment water long-term return and recirculation system) every
24 months. During accident conditions there is a potential for introducing debris to the IRWST.
However, for the reasons discussed above, the amount of reflective metallic insulation and
debris introduced should be negligible and should not have an adverse effect on the head loss
across the IRWST screens.

The containment recirculation screens are also vertically oriented, and each also has a flow area
of 6.5 m? (70 f?). They meet the criteria in RG 1.82. In response to RAI 480.1079,
Westinghouse provided the maximum flow and the water velocity at the recirculation screens
and 3 m (10 ft) from these screens. These velocities are approximately an order-of-magnitude
less than those typical of the ECCS sump screens inside the containments of operating PWRs,
even with the RNS pumps operating. These lower flow velocities through the screens reduce the
potential of drawing debris into the screens. In addition, when the recirculation lines initially
open, the water level in the IRWST is higher than the containment and water flows from the
IRWST backwards through the containment recirculation screen. This backflow tends to flush
debris located close to the recirculation screens away from the screens.

The water level at the beginning of recirculation is well above the top of the recirculation
screens. Thus, any floating debris will remain clear of the screens. Also, there is a two foot
clearance between the floor and the bottom of the screen so that any high density debris, swept
along the floor, will not block the recirculation screens.

The AP600 design has a non-safety-related containment spray system. Containment spray is
capable of washing down insulation debris that might not otherwise be transported to the
recirculation system. However, the AP600 containment spray system will be used only in the
case of a severe accident. At this point, core heat removal or coolant has been lost and the
containment spray's effect in transporting more debris is not significant.
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The recirculation piping inlet is slightly above the compartment floor, which is substantially below
the expected flood-up water level. This reduces the potential for air ingestion in the piping
because recirculation does not initiate until the flood-up water level is well above the piping inlet.

The staff also discussed the issue of possible adverse effects of failed protective coatings inside
containment on the recirculation screens with Westinghouse. Westinghouse takes the position
that protective coatings below the operating deck do not have to be safety-related because their
failure will not clog the recirculation screens and interfere with the recirculation function. In
support of this position, Westinghouse performed calculations (reported in its letter dated
February 10, 1998) that show that blockage of the recirculation screens by paint particles is
unlikely because paint particles cannot be transported to a sufficient fraction of the area of the
screen, assuming particle sizes and settling rates similar or more conservative than those
previously accepted by the staff in a review of this issue for the Comanche Peak Steam Electric
~ Station Units 1 and 2 (NUREG-0797, Supplement No. 9, dated March 1985). The containment
recirculation screens are protected by plates located above them. These plates prevent debris
from the failure of protective coatings from entering the water close to the screens, such that the
recirculation flow can sweep the debris to the screens before it settles to the floor. To prevent
plugging the screens, safety-related coatings are used on the underside of these plates and on
the surfaces located below the plates, above the bottom of the screens, 3 m (10 ft) in front and
3 m (10 ft) to the side of the screens. The plates and their dimensions are covered by

ITAAC 8.c (v). Another ITAAC, 8.c (vi) covers the use of safety-related coatings on the
underside of the plates located above the recirculation screens, down to the bottom of the
screens and within 3 m (10 ft) of the trash rack portion of the screen.

The staff completed its review of the AP600 design with respect to possible adverse effects of
LOCA-generated debris on the IRWST and recirculation screens and other concerns addressed
by USI A-43. The staff finds that these issues have been acceptably addressed.

6.2.2 Containment Heat Removal Systems

In accordance with GDC 38, the system employed by the AP600 to remove heat from the
containment atmosphere under postulated DBA conditions is the PCS. As described in
Section 6.2.2 of the SSAR, the purpose of the system is to prevent the containment from
exceeding its design temperature and pressure, thereby maintaining containment integrity and
reducing the driving force for post-accident radioactive releases to the environment. This
function is accomplished in the PCS by evaporative and natural convective cooling, and to a
lesser degree, by radiative heat transfer.

The PCS is a seismic Category 1, Westinghouse Class C system designed to Section llI,
Class 3 standards of the ASME Code, in accordance with RGs 1.26 and 1.29. As stated in
Section 6.2.2 of the SSAR, the principal safety design bases of the PCS include the following:

» to maintain the containment internal pressure below the design value for three days
following a DBA, without operator action

« to withstand a single failure of an active component, assuming the loss of all onsite or
offsite power, without losing the ability to perform its intended safety function
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+ design components necessary for accident mitigation to remain functional during, and
withstand the effects of a DBA

A distinguishing feature of the PCS is that it relies on naturally occurring passive physical
phenomena to perform its cooling function. After initial actuation, the system does not depend
on any active components. This is in contrast to existing Westinghouse designs, which utilize
containment sprays and safety-grade fan coolers to cool the containment. These existing
systems make use of active components including ac-powered pumps and fans. A passive
design like the PCS has not been reviewed before by the staff.

The major components of the PCS are the primary containment vessel, which acts as the
safety-grade interface to the ultimate heat sink, shield building, PCS water storage tank
(PCCWST), air baffle, air inlets, air diffuser, and a water distribution system comprising a water
distribution bucket and distribution weirs. The design of the shield building is fully discussed in
Section 6.2.3 of this report.

PCS operation is initiated when the containment pressure exceeds the “Hi-2" setpoint value.
Upon actuation from a safety-grade signal, water from the PCCWST flows through redundant
isolation valves and a flow control orifice to the water distribution bucket. The redundant series
valves are the only active components in the system, and consist of a fail-open (fail-safe),
air-operated valve and a normally open, dc-powered, motor-operated valve. Further redundancy
is achieved by providing two trains of piping from the PCCWST to the distribution bucket, such
that a failure in one train will not affect system performance. The PCCWST has a usable
capacity of 2.01E+06 liters (531,000 gallons) and is filled with demineralized water.

The water distribution bucket serves to uniformly distribute water on the outside of the primary
containment vessel. The bucket is supported from the roof of the shield building and is
suspended above the primary containment. Water is delivered to the containment vessel via
evenly spaced slots surrounding the top perimeter of the bucket. A system of weirs and
collection troughs installed directly on the vessel is also provided to further aid in uniform water
distribution. The resuiting water film flows under the force of gravity over the exterior of the
containment vessel and is evaporated by heat conducted through the vessel wall, thereby
removing energy from the post-DBA containment atmosphere. Unevaporated water is collected
by two floor drains at the upper annulus elevation, each with 100 percent capacity, and routed to
storm drains.

The baffle wall of the PCS is structurally supported by the primary containment and is located
between that structure and the shield building, thus defining two annular flow paths. In the event
of a DBA, heat removed from the containment atmosphere through the vessel wall heats the air
in the annular flow path adjacent to the exterior vessel wall, thereby reducing the air density. Air
inlets at the top of the shield building are permanently exposed to the atmosphere, and provide a
path for ambient air to enter the annular region between the shield building wall and baffle. The
difference in air density in the two annular regions resulits in a natural circulation flow from the air
inlets to the bottom of the baffle wall, and up past the exterior of the containment vessel. The
resulting natural convective cooling of the containment vessel assists in removing heat from the
post-DBA containment atmosphere. The air/water vapor mixture exits to the atmosphere
through a diffuser at the top of the shield building.
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In Section 6.2.2 of the SSAR, Westinghouse states that the air inlets and air diffuser have been
designed so that any external wind effects will only aid the natural air circulation (a "wind
positive” design). Westinghouse further states that these structures have been designed to
prevent against ice and snow buildup, and to prévent the introduction of foreign debris into the
air flow path.

The staff addresses the ability of the PCS to perform its intended safety function in
Section 6.2.1.1 of this report.

6.2.3 Shield Building Functional Design

The AP600 containment design incorporates a shield building that comprises the structure and
annulus that completely surround the primary containment vessel. This building is a cylindrical
reinforced concrete structure with a conical roof that supports the water storage tank and air
diffuser (or chimney) of the PCS. It shares a common basemat with the primary containment
and auxiliary building, and is designed as a Seismic Category 1 structure in accordance with
RG 1.26. It has an inner radius of approximately 20 m (70 ft), a height of 63.1 m (207 ft), and a
thickness of 0.9 m (3 ft) in the cylindrical section.

The two primary functions of the shield building during normal operation are to provide a barrier
from radioactive systems and components inside containment to shield against radiological
effects, and to protect the primary containment from external events such as tornados and
tornado-produced missiles. Under DBA conditions, the shield building serves as a key
component of the PCS by aiding in the natural convective cooling of the containment.

The key structural features of the shield building are the cylindrical structure, roof structure, and
lower, middle, and upper annulus areas. Additionally, the design includes the air inlets, inlet
plenum, water storage tank, air diffuser, and air baffle, all functioning as part of the PCS, which
is described in Section 6.2.2 of this chapter. The cylindrical section of the shield building acts as
a major structural component for the complete nuclear island and supports the PCS water
storage tank. Flooring and walls of the auxiliary building are also connected to the cylindrical
section of the shield building.

6.2.4 Containment Isolation System

The containment isolation system consists of isolation barriers such as valves, blind flanges, and
closed systems and the associated instrumentation and controls required for the automatic or
manual initiation of containment isolation. The purpose of the containment isolation system is to
permit the normal or post-accident passage of fluids through the containment boundary while
protecting against release to the environment of fission products that may be present in the
containment atmosphere and fluids as a result of postulated accidents.

In Section 6.2.3 of the SSAR, Westinghotise provides a description of the containment isolation
system. The AP600 has been designed to minimize the number of containment piping
penetrations and has less than half the number of penetrations of typical operating plants. Also,
a greater percentage of the penetrations are normally closed, and those that are normally open
use fail-close valves for isolation. The staff reviewed the description of the containment isolation
system using the review guidance and acceptance criteria of Section 6.2.4 of the SRP. SRP
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Section 6.2.4 identifies the staff's review methodology and acceptance criteria for evaluating
compliance with GDC related to piping systems penetrating containment.

The staff's review encompassed the following areas specified by Section 6.2.4 of the SRP:
» containment isolation system design, including:

- the number and location of isolation valves (e.g., the isolation valve arrangements,
location of isolation valves with respect to the containment wall, purge and vent valve
conformance to BTP CSB 6-4, and instrument line conformance to RG 1.11)

- the actuation and control features for isolation valves

- the normal positions of valves, and the positions valves take in the event of failures

- the initiating variables for isolation signals, and the diversity and redundancy of isolation
signals

- the basis for selecting closure time limits for isolation valves
- the redundancy of isolation barriers

use of closed systems as isolation barrier substitutes for valves

» the protection provided for containment isolation systems against loss of function due to
missiles, pipe whip, and natural phenomena

« environmental conditions in the vicinity of containment isolation systems and equipment and
their potential effect

» the mechanical ehgineering design criteria applied to isolation barriers and equipment

» the provisions for alerting operators of the need to isolate manually-controlled isolation
barriers. '

« the provisions for and TS pertaining to operability and leak rate testing of isolation barriers

« the calculation of containment atmosphere released prior to isolation valve closure for lines
that provide a direct path to the environs

The discussion of the staff's findings and conclusions for each of the above review areas is
provided below.

6.2.4.1 Number, Location, and Arrangement of Isolation Valves
The regulatory requirements relating to number, location, and arrangement of isolation valves
serving containment. piping penetrations are specified in GDC 55, 56, and 57. The staff

reviewed Westinghouse's proposed use of containment isolation valves, as described in
Table 6.2.3-1 of the SSAR, for conformance with these GDC. The staff reviewed the valve
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arrangement information for each penetration and confirmed that the number, location, and
arrangement conform to the acceptance criteria. Table 6.2-2 of the SSAR identifies the
penetrations. Each penetration has an isolation device both inside containment and outside
containment, except for the secondary coolant system isolation lines. The exception for steam
generator (secondary coolant system) piping is typical of PWRs and is acceptable based on
credit for use of the secondary coolant system as an extension of the containment.

6.2.4.2 Actuation and Control Features for Isolation Valves

An SRP and TMI (item I11.E.4.2) requirement is that all non-essential systems shall be
automatically isolated upon initiation of an appropriate containment isolation signal.
Non-essential systems are generally those which are neither ESF systems nor systems which
accomplish a function similar to an ESF system. However, non-ESF and non-safety-grade
systems should be classified as essential if their continued operation under post-accident
conditions will improve the reliability of a safety function.

The staff reviewed the actuation and control features (e.g., automatic, manual, or remote
manual) for each isolation device. All AP600 containment penetrations will be closed during an
accident with the exception of the normal residual heat removal (RHR) lines, which are normally
closed, and would be opened by operator action during the first two hours of an accident. The
review confirmed that the other valves will be provided with locking devices and administrative
controls (as defined in SRP Section 6.2.4) to ensure that they are normally closed, or will be
provided with automatic closure controls. Normally closed, non-automatic isolation valves have
provisions for locking the valves in the closed position. Verification that non-automatic isolation
valves are in the correct position during plant operation is through administrative controls and
the design of locking devices.

The actual stem position of each power-operated isolation valve, whether remote, manual, or
automatic, is indicated in the control room and provided as input to the plant computer. Means
for position indication for these valves is also provided locally at the valves. Automatic isolation
devices are provided with reset features to prevent automatic return to the normal position when
an isolation signal clears. '

Isolation vaives that must be operable following a DBA or safe-shutdown earthquake are
powered by the Class 1E dc power system. Manual override and signal reset of isolation signals
is provided for such valves. Consistent with the requirements of TMI ltem Il.E.4.2, the design of
isolation instrumentation preciudes the capability for ganged reopening of closed isolation
valves. Westinghouse confirmed that all overpressure relief valves used as containment
isolation valves comply with the SRP acceptance criterion of having a setpoint greater than or
equal to 150 percent of the containment design pressure. ‘

In the DSER, the staff identified Open Item 6.2.4.2-1 regarding the fact that the normal RHR
(NRHR) system isolation instrumentation would not be provided with diverse parameter sensing.
Westinghouse subsequently implemented a design change to provide diverse instrumentation
for automatic isolation of this system. On the basis of this design change, Open ltem 6.2.4.2-1 is
closed.
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TMI Item 11.E.4.2 requires that the design of control systems for automatic containment isolation
valves shall be such that resetting the isolation signal will not result in the automatic reopening of
containment isolation valves. Reopening of containment isolation valves shall require deliberate
operator action. This requirement is included in the design bases for the AP600 containment
isolation system (SSAR 6.2.3.5).

6.2.4.3 Normal and Fail Positions of Isolation Valves

The acceptance criteria in Section 6.2.4 of the SRP state that, upon loss of actuator power,
automatic valves should take the position that provides greater safety. The staff reviewed the
normal and fail positions of isolation devices indicated in Table 6.2-1 of the SSAR. The staff's
review confirmed that non-motor-operated automatic isolation devices fail in the closed position
upon loss of power source (air or electrical power). Motor-operated valves are powered by
Class 1E dc power, and fail in the "as-is" position. A single power system failure will not prevent
closure of both isolation vaives in a containment penetration. These features ensure single
failure proof isolation capability for all penetrations that might be opened during operation.

TMI Item 11.E.4.2 states that containment purge and vent valves must be verified closed at least
every 31 days. Compliance with this requirement is assured by the technical specifications.

6.2.4.4 Initiating Variables for Isolation, Diversity, and Redundancy of Isolation Signals
Various instrumentation signals are used for automatic initiation of containment isolation. The
following ESF-grade signals initiate closure of containment isolation valives as indicated in SSAR
Table 6.2-2: :
» containment isolation signal (SSAR 7.3.1.2.1)
A containment isolation signal is generated from any of the following monitored variables:
— initiation of an automatic or manual safeguards actuation signal
— manual containment isolation actuation
— manual initiation of the PCCS signal
» safeguards actuation signal (SSAR 7.3.1.1)
A safeguards actuation signal is initiated by any one of the following monitored variables:
— low pressurizer pressure
— low steamline pressure
- low Teop
— high containment pressure
— manual initiation
» steamline isolation signal (SSAR 7.3.1.2.10)

A steamline isolation signal is initiated by any of the following monitored parameters:

— containment high pressure
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—  low Teop
— low steamline pressure

_— high steamline pressure negative rate
— manual initiation

+ main feedwater isolation signal (SSAR 7.3.1.2.6)
A main feedwater isolation signal is generated by any of the following monitored parameters:
— automatic or manual safeguards signal initiation
~ manual initiation
— high steam generator level
— low T, with P4 permissive
— low-low T, with P4 permissive

» startup feedwater isolation signal (SSAR 7.3.1.2.13)

This signal occurs as the result of low T, in any loop, or high steam generator (SG) narrow
range water level in either SG.

» SG blowdown isolation signal (SSAR 7.3.1.2.11)

A SG blowdown isolation signal is used for steam generator blowdown line isolation. This
signal is initiated by either of the following parameters:

— PRHR heat exchanger alignment signal
— low narrow range steam generator water level

» containment High-2 radiation signal (SSAR 7.3.1.2.20)
Automatic isolation of the NRHR system containment isolation valve is initiated by a
containment "High-2" radiation signal. This signal is used in conjunction with a safeguards
signal and provides diversity for NRHR system isolation.

e containment air filtration system isolation signal (SSAR 7.3.1.2.19)

Automatic isolation of the containment air filtration system is initiated on containment
“High-1" radiation level.

The following non-safety-grade signal is also used for automatic containment isolation:

» diverse actuation systenﬁ (DAS) signal (SSAR 7.7.1 11)
The DAS is a non-safety-related instrumentation system that provides diverse backup to
support risk goals. This system utilizes separate sensors and uninterruptible power

supplies to initiate closure of certain containment isolation valves on containment high
temperature conditions.
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RG 1.141 and TMI ltem I1.E.4.2 state that containment isolation system designs shall have
diversity in the parameters sensed for the initiation of containment isolation in accordance with
SRP Section 6.2.4, "Containment Isolation System." The staff's review verified that the diversity
requirement is met.

TMI Item [1.E.4.2 states that the containment setpoint pressure that initiates containment
isolation for nonessential penetrations must be reduced to the minimum compatible with normal
operating conditions. It further states:

The pressure setpoint selected should be far enough above the maximum expected
pressure inside the containment during normal operation so that inadvertent containment
isolation does not occur during normal operation from instrument drift or fluctuations due to
the accuracy of the pressure sensor. A margin of 6.9 kPa (1 psi) above the maximum
expected containment pressure should be adequate to account for instrument error. Any
proposed values greater than 6.9 kPa (1 psi) will require detailed justification. Applicants for
an operating license should use pressure history data from similar plants that have operated
more than one year. if possible, to arrive at a minimum containment setpoint pressure.

Westinghouse has specified a containment isolation actuation pressure of < 8 psig for the
AP600 technical specifications. This setpoint was used in all applicable DBA analyses. The
actual setpoint will be determined when the specific instrumentation is procured and installed in
the lead AP600 plant. In view of the lack of pressure-history data from similar plants and
compliance with all DBA analyses, the < 8 psig specified in the TS is considered acceptable for
initial operation of the lead plant.

TMI item 11.E.4.2 states that containment purge and vent isolation valves must close on a high
radiation signal. The AP600 containment air filter supply and exhaust isolation valves comply
with this requirement for additional isolation signal diversity.

As indicated in the above discussion, the initiating variables and the diversity and redundancy of
the AP600 instrumentation provide a reliable means for automatic containment isolation for DBA
conditions and meet the acceptance criteria of the SRP 6.2.4. See Chapter 7 of this report for
additional discussion of instrumentation.

6.2.4.5 Basis for Selection of Closure Time Limits -

Westinghouse stated that AP600 isolation times will be consistent with the performance of
standard valve operators, except where shorter limits are necessary. Shorter limits are required
for containment vent and purge valves and main steamline isolation valves, and have been
included in the AP600 design. For valve sizes up to 12 inches, standard valve operator closure
times of ANS-56.2-1976 are consistent with the 60-second criterion of Section 6.2.4 of the SRP.
For larger valves, Westinghouse specified appropriate faster limits. These limits are consistent
with assumptions and criteria for radiological dose analyses and ECCS analysis (reflood
backpressure) assumptions. Westinghouse's proposed closure time limits are, therefore,
acceptable.
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6.2.4.6 Redundancy of Isolation Barriers

The staff's review of redundancy for valved piping penetrations is discussed under

Section 6.2.4.1 above. The AP600 containment design incorporates certain non-valved
penetrations for purposes other than permitting fluid passage into and out of the containment
during normal or accident conditions:

» the fuel transfer tube

» three spare penetrations
» two personnel hatches

+ an equipment hatch

» a maintenance hatch

In addition to the valved penetrations, these penetrations are also listed in Table 6.2-1 of the
SSAR.

The personnel airlocks have redundant barriers, one of which may be opened while the other is
closed. This permits personnel passage into and out of containment during plant operation.
The barriers are interlocked to ensure that both doors are not opened snmultaneously Each
door is provided with a testable seal.

For penetrations that are not expected to be opened during normal or accident conditions, a
single isolation barrier (e.g., blind flange) is provided. Such penetrations include the equipment
and maintenance hatches, fuel transfer tube, and spare penetrations. These single-barrier
penetration closures are not subject to single-active failures during plant operation. A.
double-seal gasketing arrangement provides a means for testing.

In Open ltem 6.2.4.6-1 of the DSER, the staff indicated that the spare penetrations should have
redundant barriers or the single barrier should be welded. This open item has been resolved on
the basis that the single blind flange in each penetration will be physically located inside the
containment. This assures a high degree of reliability and leaktightness, eliminating the need for
a redundant closure device. Therefore, Open ltem 6.2.4.6-1 is closed.

6.2.4.7 Use of Closed Systems as Isolation Barriers

The steam generator secondary side, as bounded by the main steam, feedwater, and blowdown
isolation valves, is a closed system inside containment that serves as an extension of the
containment. This feature eliminates the need for inboard containment isolation valves in the
steam, feed, and blowdown lines because the steam generator tubes and tubesheet and
secondary system piping actually serve as a containment boundary. The steam generator
piping penetrating containment (main steamlines) is, however, provided with isolation valves for
the purpose of limiting the severity of reactor cooldown transients and to serve as a second
isolation barrier. The isolation provisions for the closed system configuration conform to GDC 57
criteria, which require a single isolation valve located outside containment, and are therefore,
acceptable. Westinghouse has not identified other instances of the use of closed systems as
containment isolation barriers.
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6.2.4.8 Protection of Containment Isolation Systems Against Loss of Function As a Results of
Missiles, Pipe Whip, and Natural Phenomena

The staff confirmed that the containment isolation system design bases include protection from
missiles, pipe breaks, earthquakes, fire, internal and external flooding, ice, wind, and tornados.
Specific features and design criteria for protection of systems, structures, and equipment from

these phenomena is discussed in other sections of this report.

6.2.4.9 Environmental Conditions in the Vicinity of Containment Isolation Components

Containment isolation equipment may be subject to potentially harsh conditions.resulting from
pressure, temperature, flooding, jet impingement, radiation, missile impact, and seismic
response. The staff review confirmed that the containment isolation system has been properly
classified to ensure that protection from these environmental hazards is encompassed by the
isolation system mechanical and electrical design bases and quality standards. The staff's
review of the environmental qualification of the AP600 structures, systems, and components,
including containment isolation equipment, is discussed in Section 3.11 of this report.

6.2.4.10 Mechanical Engineering Design Criteria Applied to the Containment Isolation System,
Structure, and Components

The containment isolation system will be designed to ASME Section lli, Class 2 criteria.
Containment penetrations are classified as Quality Group B, as defined in RG 1.26, and seismic
Category 1. The containment penetrations, including valves and the steam and feedwater
system inside containment, are identified as "Class B," equivalent to ANS Safety Ciass 2.
Westinghouse has selected the appropriate mechanical design classification for the containment
isolation system.

6.2.4.11 Provisions for Alerting Operators of the Need to Actuate Manual Isolation Devices in
the Event of an Accident

Manual operator action is not relied upon for closure of containment isolation devices that may
be normally or intermittently open during power operation. There are no piping penetrations
used for circulation of contaminated coolant outside containment during accident conditions.

6.2.4.12 Provisions for and Technical Specifications Pertaining to Operability and Leakage
Rate Testing of Isolation Barriers

In order to permit periodic Type A, Type B, and Type C testing of the containment and its piping
penetrations, special connections must be provided on the containment and on penetrations to
permit application and measurement of test air pressure and venting of leakage air. The staff's
review confirmed that test, vent, and drain (TV&D) connections are provided at suitable
locations. See Section 6.2.6 of this report for the staff's evaluation of the AP600 containment
leakage testing program.
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6.2.4.13 Calculation of Containment Atmosphere Released Before Isolation Valve Closure for
Lines that Provide a Direct Path to the Environs

The largest piping penetration that provides a direct path to the atmosphere is the 40.65 cm
(16 inch) containment air filtration exhaust line. The isolation valves in this line are specified as
having a 20-second closure time. This closure time is consistent with assumptions and criteria
for radiological dose analyses and ECCS analysis (reflood backpressure) assumptions use in
Chapter 15 of the SSAR. Westinghouse's proposed closure time limits are, therefore,
acceptable.

6.2.4.14 TMI tem I1.E.4.4, Vent/Purge Valve Positions

The bases for TS 3.6.3 indicate that the 40.65 cm (16 inch) containment air filtration valves will
be opened "as needed in Modes 1, 2, 3, and 4." The staff’s position is that the opening of large
valves that provide a direct path from the containment atmosphere to the environs should be
minimized during power operation. The staff also notes that the plant design has very few
safety-related items in containment that would require containment entry while at power.
Therefore, venting or purging should occur very infrequently. As a result, the containment
vent/purge system should only be used for containment pressure control, ALARA or air quality
considerations for personnel entry, or for technical specification surveillances. This was DSER
Open Item 6.2.4.13-1. This item is resolved by purging limitations established in the TS (SSAR
Chapter 16, SR 3.6.3.1). Therefore, Open Item 6.2.4.13-1 is closed.

6.2.4.16 Conclusion

The Staff determined that the containment isolation system meets the acceptance criteria of
Section 6.2.4 of the SRP, including the NUREG-0737 TMI requirements.

6.2.5 Containment Combustible Gas Control

Combustible gas within the AP600 containment is controlled by the hydrogen recombination
subsystem (HRS) and the hydrogen ignition subsystem (HIS). The HRS is designed to meet the
requirements of GDC 41, 42, 43, and 10 CFR 50.44. These requirements define the
design-basis case. For this case, there is an initial release of hydrogen caused by the reaction
of all the metal in the outside surfaces of the cladding cylinders surrounding the fuel to a depth of
5.8E-03 mm (2.3E-04 in) with water and the hydrogen contained in the reactor coolant system.
This initial hydrogen release to containment is not sufficient to approach the flammabiiity limit of
4 volume percent. However, hydrogen generation continues because of radiolysis of water and
the corrosion of materials in containment. The HRS is designed to prevent the hydrogen
concentration from reaching the flammability limit.

The HIS is designed to meet the requirements of 10 CFR 50.34(f)(2)(ix) and the staff position on
hydrogen control as described in SECY-93-087 and approved by the Commission in its,

July 21, 1993, SRM. 10 CFR 50.34(f)(2)(ix) requires that a system for hydrogen control that can
safely accommodate hydrogen generated by the equivalent of a 100 percent fuel-clad metal
water reaction be provided. This requirement was promulgated to address the lessons learned
from the accident at Three Mile Island. This type of accident is considered beyond the design
basis and will be referred to as the severe accident case in this section. In the severe accident
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case, the hydrogen generation from the fuel-clad metal water reaction could be sufficiently rapid
that it may not be possible to prevent the hydrogen concentration in the containment from
exceeding the lower flammability limit. The HIS is designed to promote hydrogen burning soon
after the lower flammability limit is reached in the vicinity of the igniter. Initiation of hydrogen
burning at the lower level of hydrogen flammability will prevent combustion at higher hydrogen
concentrations, and provides confidence that containment integrity can be maintained during
hydrogen burns.

Hydrogen Recombination Subsystem

For the design-basis case, the HRS uses four safety-related passive autocatalytic recombiners
(PARs) to prevent the hydrogen concentration inside containment from reaching the flammability
limit. Two full-size PARs are installed above the operating deck at an approximate elevation of
49 m (162 feet) and 4 m (13 feet) inboard from the containment shell. The PARs are located
away from potential high upflow regions, such as the direct plume above the loop compartment.
A third partial PAR, which is a quarter of the full-size PAR, is located at one of the vent paths
from the IRWST and is utilized to limit hydrogen released from within the IRWST. A fourth
partial PAR is located in the CVCS compartment to limit the accumulation of hydrogen within the
compartment as a resuit of radiolysis and corrosion within the compartment from a partially
flooded condition following a design-basis LOCA.

In meeting the requirements of 10 CFR 50.44 and 50.46, as well as GDC 41, regarding the
functional capability of the combustible gas control systems to ensure that containment integrity
is maintained, combustible gas control systems should meet the redundancy and power source
requirements for ESFs and should be designed to withstand a single active component failure.
Contrary to this requirement, power to the active HRS was supplied by non-safety-related
sources. This was Open Item 6.2.5.2-1.

PARs use palladium or platinum as a catalyst to combine hydrogen and oxygen molecules into

_ water vapor. The PARs are passive in nature, with no moving parts, and are independent of the
need for electrical power or any other support system. The PARs are safety-related equipment.
They are seismic Category 1 and are qualified for the post-LOCA environment. The
recombiners are self-actuated in the presence of the reactants (hydrogen and oxygen).
Therefore, Open ltem 6.2.5.2-1 related to the need for redundant, safety-related power supplies
for the PARs, is closed.

The source term used for determining radiolysis production of hydrogen assumed a 100 percent
release of the core gap inventory of iodine, cesium, and noble gases. This is equivalent to

3 percent of the core inventory. This source term is a deviation from the guidance of RG 1.7,
which states that 100 percent of noble gases, 50 percent of iodines, and 1 percent of other
nuclides are assumed to be released from the core. For defense-in-depth, the staff continues to
believe in the design basis requirements of RG 1.7. Therefore, the staff found the percentage of
core fission product inventory in the sump solution proposed by Westinghouse to be
unacceptable. This was Open ltem 6.2.5.2-3.

The HRS is designed in accordance with the recommendations of RG 1.7 as discussed in
Appendix 1A of the SSAR. Table 1 of RG 1.7 defines conservative values and assumptions that
may be used to evaluate the production of combustible gases following a LOCA. The
assumptions used in calculating the hydrogen release to containment are listed in Table 6.2.4-4
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of the SSAR and are consistent with Table 1 of RG 1.7. Therefore, DSER Open ltem 6.2.5.2-3
is closed.

. The hydrogen release to containment and the hydrogen production rate are graphically
presented in Figures 6.2.4-3 and 6.2.4-4 of the SSAR. Using the cladding oxidation
assumptions of RG 1.7 and a cladding outer diameter of 4.7 mm (0.187 in), the staff confirmed
Westinghouse's estimate of the hydrogen produced by the reaction of zirconium to be 85 cubic
meters (3,000 standard cubic feet). This hydrogen is assumed to be released to the
containment atmosphere at the beginning of the accident.

The fission product decay energy used in the calculation of hydrogen and oxygen production
from radiolysis of the emergency core cooling water and sump water is acceptable if it is equal to
or more conservative than the decay energy model given in BTP 9-2 in SRP Section 9.2.5.
Westinghouse used a different decay energy model so the staff requested a comparison of the
model used by Westinghouse to the one used in the staff's confirmatory computer program,
COGAP. Westinghouse provided the comparison in a June 11, 1997, letter. The comparison
showed reasonable agreement between the two models.

The AP600 relies on natural circulation currents enhanced by the PCCS to inhibit stratification of
the containment atmosphere. The physical mechanisms of natural circutation mixing that occur
in the AP600 are discussed in Appendix 6A of the SSAR. Steam generated by decay heat can
vent into the containment atmosphere in the form of a jet plume through the postulated break or

- the fourth stage of the ADS. The interaction of the plume with the ambient atmosphere can be
described in terms of entrainment flow induced by the plume. Entrainment flow results in the
mixing of ambient atmosphere with the steam flow in the plume. The plume will rise to the
containment dome where the steam will be condensed on the inner surface of the containment
shell and the resuiting cooler, denser air will fall to the operating deck.

Westinghouse provided an estimate of the degree of mixing by calculating volumetric fiow rates
of gas entrained by a rising buoyant plume associated with steam generated by decay heat.
The calculations were made on the basis of a steam production rate corresponding to decay
heat at 1 hour and 24 hours into the accident. Entrainment flow rates were calculated using
equations presented in an article by Peterson in Volume 37, Supplement 1, of the_International
Journal of Heat and Mass Transfer, entitled, "Scaling and Analysis of Mixing in Large Stratified
Volumes." In the Westinghouse estimate, no credit was taken for cold plumes falling from the
containment dome, which causes further circulation above the operating deck. Westinghouse
estimated the circulation time constant at 1 hour to be 490 seconds and at 24 hours to be 670
seconds. Confirmatory calculations by the staff, using the same equations as Westinghouse,
but with containment atmospheric conditions calculated by the staff, indicate that the estimates
are reasonable.

Westinghouse has arranged containment structures to promote mixing via natural circulation.
Two general characteristics have been incorporated into the design of the AP600 to promote
mixing and eliminate dead-end compartments. The compartments below deck are large open
volumes with relatively large interconnections, which promote mixing throughout the below deck
region. All compartments below deck are provided with openings through the top of the
compartment to eliminate the potential for a dead pocket of high-hydrogen concentration.

6-69 NUREG-1512



Engineered Safety Features

In meeting the requirements of 10 CFR 50.44 to provide the capability for ensuring a mixed
atmosphere in the containment, and the requirements of GDC 41 to provide systems as
necessary to ensure that containment integrity is maintained, a system should be provided to
mix the combustible gases within the containment. An analysis should be presented that shows
that excessive stratification of combustible gases will not occur within the containment or within a
containment subcompartment. The containment internal structures should have design features
that promote the free circulation of the atmosphere. An analysis of the effectiveness of these
features for convective mixing should be presented. This analysis is acceptabile if it can be
shown that combustible gases will not accumulate within a compartment or cubicle to form a
combustible mixture. Contrary to this requirement, Westinghouse had not provided this
analysis. This was identified as DSER Open Item 6.2.5.2-2.

The accumulator and CVCS compartments and the reactor cavity, including the reactor coolant
drain tank room, do not participate in the natural circulation flow as they are dead-ended or filled
with water. The IRWST compartment is essentially sealed at the vents by flappers after
blowdown. The CVCS and IRWST compartments are included as confined volumes that may
have water pools that provide a source of hydrogen. Therefore, each volume has been provided
with a quarter-size PAR. The other compartments are either completely water-filled or do not
contain a significant pool of water for hydrogen generation. The staff finds this response to be
acceptable, and therefore, DSER Open Item 6.2.5.2-2 is closed.

The staff finds the Westinghouse assumption that the fission products and hydrogen released to
the containment following a postulated design-basis LOCA are homogeneously distributed in the
containment atmosphere within the open compartments that participate in naturai circulation to
be reasonable. This finding is based on the following: (1) the ability of the PCCS to enhance
the condensation of steam and the entrainment of air inside containment, (2) analyses
performed by Westinghouse and confirmed by the staff that show the containment atmosphere
above the operating deck is recirculated approximately every 10 minutes, 24 hours after a
LOCA, (3) containment structures have been arranged to promote mixing via natural circulation,
and (4) the CVCS and IRWST compartments have been provided with a quarter-size PAR.

The hydrogen recombination subsystem consists of qualified passive devices that are not
susceptible to single failures. However, to provide margin and increased containment coverage,
two full-size PARs are provided and credit for only a single unit is assumed in the hydrogen
analysis. Westinghouse performed an analysis of the maximum hydrogen concentration present
in the containment following a design-basis LOCA. Using the guidance in RG 1.7,
Westinghouse calculated the hydrogen production rate as a function of time after a LOCA.
Westinghouse analyzed core solution radiolysis, sump solution radiolysis, containment material
(i.e., zinc and aluminum) corrosion, core zirconium-water reaction, and reactor coolant dissolved
hydrogen. The results of this calculation are graphically presented in Figures 6.2.4-1 and
6.2.4-2 of the SSAR. Figure 6.2.4-1 shows that the flammability limit of 4 volume percent is not
reached until after 28 days.

The depletion rate assumed in the analysis is based on testing conducted by Battelle Frankfurt
and are described in the EPRI reports, "Qualification of Passive Autocatalytic Recombiners for
Combustible Gas Control in ALWR Containments,” dated April 8, 1993, and, "NIS Passive
Autocatalytic Recombiner Depletion Rate Equation for Evaluation of Hydrogen Recombination
During AP600 Design-basis accident,” dated November 15, 1995. Subsequent testing
conducted by EPRI and Electricité de France supports the conclusion of the Battelle testing as
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documented in EPRI Report TR-107517, Volumes 1, 2, and 3, "Generic Model Tests of Passive
Autocatalytic Recombiners (PARs) for Combustible Gas Control in Nuclear Power Plants," dated
June 1997. Although this testing was not conducted by Westinghouse or in accordance with
Westinghouse's Quality Assurance Program Plan, WCAP-12600, Revision 2, the staff has
concluded that the above cited test programs demonstrate that PARs can be designed and
procured with the depletion rates assumed in the analyses to generate SSAR Figure 6.2.4-1.
The performance features of PARs will be assured by ITAAC and procurement in accordance
with 10 CFR Part 50, Appendix B, quality assurance requirements.

Hydrogen depletion tests of a scaled PAR were performed at Sandia National Laboratories,
under the sponsorship and direction of the staff. The experiments were to confirm the hydrogen
depletion rate of a PAR in the presence of steam and also to evaluate the effect of scale on the
PAR performance for a variety of hydrogen concentrations. Preliminary results show that the
depletion rate assumed by Westinghouse in Section 6.2.4.2.2 of the SSAR is acceptable. These
results were presented on November 19, 1997, at the American Nuclear Society Winter Meeting,
Albuquerque, New Mexico, in a paper by Blanchat and Malliakos titled, "Analysis of Hydrogen
Depletion Using a Scaled Passive Autocatalytic Recombiner.”

To satisfy the design requirements of GDC 41, Westinghouse describes, in Section 6.2.4.5 of
the SSAR, preoperational and surveillance performance testing for the HRS. The PARs are
verified to provide a hydrogen depletion rate of greater than or equal to the minimum depletion
rate assumed in the design basis analysis. It is also verified that the global PARs are located
away from the cold plumes falling from the containment dome. Surveillance bench tests are
performed on a sample of the PAR cartridges or plates every 24 months to confirm continued
satisfactory performance. The staff finds the proposed preoperational and surveillance testing
acceptable. (

The environmental qualification of the PARs are performed in accordance with the specifications
of Section 3.11 of the SSAR using the methodology defined in Appendix 3D of the SSAR. In a
letter dated April 1 1997, the staff concluded that the chemical environment for environmental
qualification should include potential poisons. Specifically, the PARs should be environmentally
qualified to include the source term constituents that were conservatively assumed to yield the
radioactivity dose rates for environmental qualification. In Section 6.2.4.1.2 of the SSAR,
Westinghouse states that the PARs will be qualified pursuant to the guidance of the

April 1, 1997, Iette(.

Based on industry data and catalyst poison literature, Westinghouse considered the effects of
possible catalytic poisons and inhibitors on their hydrogen depletion analyses as determined in
the EPRI report, "The Effects of Inhibitors and Poisons on the Performance of Passive
Autocatalytic Recombiners for Combustible Gas Control in ALWRs," dated May 22, 1997. The
report combines qualitative information based on established chemical and physical principles
with quantitative information from testing of catalysts systems subjected to a wide range of
inhibitors and poisons. The report concludes that, "Even if the accident were to progress to
beyond a DBA to substantial in-vessel damage, PAR recombination capacity would be reduced
by no more than 25 percent." Figure 6.2.4-2 of the SSAR graphically depicts the assumed
hydrogen depletion rate in combination with a 25 percent penaity due to poisons and inhibitors.
The curve remains below 1.5 percent hydrogen concentration which is considerably less than
the regulatory limit of 4 percent.
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In September 1980, operating BWRs in the United States were notified of several chemicals
potentially present in the containment atmosphere of a BWR following a postulated LOCA, which
may inhibit platinum/palladium alloys used to catalyze hydrogen. Two of the substances
identified, phosphates and silicone oils, were not addressed in the EPRI poison report. To
address this concern, Section 6.2.4.1.2 of the SSAR states that environmental qualification of
the PARs will include exposure to phosphates and silicon oil. The source of phosphate is
trisodium phosphate, which is dissolved in the post-accident sump water. The release
mechanism to the containment atmosphere post-LOCA is via the ADS stage 4 discharge
following the onset of the recirculation phase of PXS operation. The source of silicon oil is from
a postulated failed steam generator hydraulic snubber.

The safety related portion of the hydrogen control system is designed to remain functional after
a safe-shutdown earthquake (SSE) and to perform its intended function following the postulated
hazards of fire, internal missiles, or pipe breaks (GDC 3 and 4). Missile protection is discussed
in Section 3.5, pipe break protection in Section 3.6 and fire protection in Section 9.5.1 and
Appendix 9A of the SSAR.

The containment recirculation system discussed in SSAR Section 9.4.7 provides the controlled
purge capability for the containment as specified in position C.4 of RG 1.7.

- The staff evaluated the HRS to determine if the design conformed to the regulations and
standards in Section 6.2.5 of the SRP. This was identified as DSER Open Item 6.2.5.2-4.
Westinghouse calculates the design-basis LOCA hydrogen production rate in accordance with
RG 1.7. The HRS design meets the standards for independence, redundancy, inspection, and
quality as given in GDC 41, 42 and 43. Westinghouse's analysis of design-basis LOCA
containment hydrogen concentration with conservatively calculated hydrogen production and a
single active failure of the HRS shows that the hydrogen concentration will not reach its

4 percent flammability limit. Based on its review, the staff finds that the design conforms to the
regulations and standards in SRP Section 6.2.5. Therefore, DSER Open Item 6.2.5.2-4 is
closed.

Hydrogen Concentration Monitoring Subsystem

To satisfy the design requirements of GDC 41, combustible gas control system designs should
include instrumentation needed to monitor system or component performance under normal or
accident conditions. The hydrogen concentration monitoring subsystem (HCMS), as described
in SSAR Sections 6.2.4 and 7.5, consists of two groups of eight hydrogen sensors each. Three
of these sensors have been designated safety-grade, Class 1E. The three Class 1E sensors
are seismic Category 1 and serve to provide a post-accident monitoring function for DBAs. The -
Class 1E instrument channels are independent of the non-Class 1E instrument channels. The
hydrogen monitoring function is designed to accommodate a single failure.

The three Class 1E sensors are designed to withstand the dynamic effects associated with
postulated accidents, the environment existing inside the containment following the postulated
accident, and a safe-shutdown earthquake. The environmental qualification of the hydrogen
monitors are performed in accordance with the specifications of Section 3.11 using the
methodology defined in Appendix 3D of the SSAR. The HCMS is also included in the equipment
survivability assessment, as described in Appendix D of the AP600 PRA and Section 19.2.3.3.7
of this report.
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Hydrogen concentration is continuously indicated in the MCR. Additionally, high hydrogen
concentration alarms are provided in the MCR. The sensors are designed to provide a rapid
response detection of changes in the containment hydrogen concentration and have a
measurement range from 0 to 20 percent hydrogen. The response time of the sensor is at least
90 percent in 10 seconds. As part of the preoperational and in-service testing programs, the
COL applicant is responsible for verifying that the response time of the procured instrument
meets the recommendations of item {I.F.1 of NUREG-0737. The HCMS is designed in
compliance with the recommendations of NUREG-0737, as detailed in Section 1.9 of the SSAR.
The HCMS meets the guidance of RG 1.97 as described in Section 7.5 of the SSAR.

RG 1.97 endorses ANSI/ANS-4.5-1980, "Criteria for Accident Monitoring Functions in
Light-Water-Cooled Reactors." Section 6.3.5.3 of the standard states that information display
channel accuracy for the hydrogen monitor should be within plus or minus 10 percent of span.
The hydrogen analyzer relies on a heated platinum catalyst to function. As mentioned in the
preceding section, catalytic efficiency of platinum can be reduced by as much as 25 percent. To
address this concern, Subsection 6.2.4.1.2 of the SSAR states that environmental qualification
of the hydrogen monitors will include exposure to phosphates and silicon oil.

To satisfy the design requirements of GDC 41, the containment hydrogen monitor should meet

the guidelines of ltem I1.F.1 of NUREG-0737 and NUREG-0718, and the Appendix of RG 1.97.

The staff evaluated whether the HCMS satisfied these guidelines. This was identified as DSER
Open ltem 6.2.5.1-1.

- The HCMS has been designed to monitor the concentration of hydrogen in the containment
atmosphere as well as performance of the HRS. The HCMS has readout and alarm capability in
the control room. The HCMS has been designed to meet the requirements of Iltem 1I.F.1 of
NUREG-0737 and RG 1.97. The staff concludes that the HCMS design meets the regulations
and standards in SRP Section 6.2.5-11.11. Therefore, DSER Open Item 6.2.5.1-1 is closed.

Hvdrogen lgnition Subsystem

For severe accident hydrogen control, the AP600 containment has been provided with 64
hydrogen igniters. The igniter assembly is designed to maintain the surface temperature within
a range of 870 °C to 927 °C (1600 °F to 1700 °F) in the anticipated containment environment
following a LOCA. A spray shield is provided to protect the igniter from falling water drops
(resulting from condensation of steam on the containment shell and on nearby equipment and
structures).

The igniters have been divided into two power groups. Power to each group will be normally
provided by offsite power. However, should offsite power be unavailable, then each of the
power groups is powered by one of the onsite non-essential diesels. Finally, should the diesels
fail to provide power, then approximately four hours of igniter operation is supported by the
non-Class 1E batteries for each group. Assignment of igniters to each group is based on
providing coverage for each compartment or area by at least one igniter from each group.

The HIS has been designed to promote hydrogen burning at a low concentration. Igniters have

been placed in the major regions of the containment where hydrogen may be released, through
which it may flow, or where it may accumulate. The criteria utilized in the evaluation and the
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application of the criteria to specific compartments is provided in Table 6.2.4-6 of the SSAR.
The location of igniters throughout containment is provided in Figures 6.2.4-5 through 6.2.4-11
of the SSAR. The location of igniters is also summarized in Table 6.2.4-7 of the SSAR,
identifying subcompartment/regions and which igniters by power group provide protection. The
locations identified are considered approximations (£ 1 m (2.5 ft)) with the final locations
governed by the installation details.

The staff's review of the number and location of igniters focused on the major transport paths of
hydrogen inside the containment to ensure that hydrogen can be burned close to the release
point. One of the release paths considered was through the IRWST via the first three stages of
the ADS. Two igniters are located within the IRWST below the tank roof of the IRWST and
above the spargers. In the event of hydrogen releases via the spargers, the igniters directly
above the release points will provide the most immediate point of recombination. In the event
that the IRWST is hydrogen rich and air is drawn into the IRWST, the mixture will become
flammable. To provide for this type of recombination, the two inlet vents, on the PRHR side of
the IRWST, have each been fitted with an igniter. Should the environment within the IRWST be
inerted or otherwise not be ignited by the assemblies above the sparger, the hydrogen can be
ignited as it exhausts from the IRWST at any of four vents fitted with igniter assemblies. In
addition, a partial PAR is located at one of the vent paths from the IRWST.

Although the PARs have been included solely for the design-basis case, their ability to
recombine hydrogen in non-combustible environments (e.g., as a result of steam inertion, limited
oxygen, or limited hydrogen) is a complement to the igniters. One disadvantage of the PARs is
the possibility of being overwhelmed by severe accident hydrogen production rates. [f this is the
case, the igniters will burn the mixture.

Flow from the IRWST vents, located at Elevation 135', exhausts into the upper compartment.
Igniter coverage for the upper compartment includes 10 igniters at Elevation 162', 4 igniters at
Elevation 210', and 4 igniters at Elevation 235'.

Another important flow path is through the fourth stage of the ADS which relieves, at

Elevation 112', into the SG compartments. Hydrogen flow into the SG compartment will be
burned by 2 igniters at Elevation 120’ and 2 igniters at Elevation 139'. Hydrogen leaving the SG
compartment is burned in the upper compartment. This flow path would also apply to hydrogen
released through any RCS break in the SG compartment.

Finally, the staff verified that the 15 major regions or compartments identified by Westinghouse
in Tables 6.2.4-6 and 7 of the SSAR had at least two igniters and they included the enclosed
areas within containment. Two enclosed areas, the reactor cavity and the north CVCS
equipment room, do not have igniter coverage or do not have igniters directly over the RCS
piping. Hydrogen releases within the reactor cavity will flow either through the vertical access
tunnel, through the opening around the RCS hot and cold legs into the loop compartments, or if
the refueling cavity seal ring fails, then potentially through the refueling cavity. Each of these
adjacent regions or compartments has at least four igniters. The staff concludes that igniter
coverage of the reactor cavity is not required because the reactor cavity would most likely be
flooded either through the break or by the cavity flooding system, adequate igniter coverage is
available in hydrogen pathways from the reactor cavity, and any maintenance or inspection
would result in elevated personnel exposure.
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Although igniters have not been located directly over the RCS piping in the north CVCS room,
two igniters have been located near the ceiling of the equipment room between the equipment
module and the major relief paths from the compartment. In addition, a quarter-size PAR has
been provided for the CVCS compartment. The staff finds this exception from the igniter
location criteria in Table 6.2.4-6 of the SSAR to be acceptable.

On the basis of the staff's review and Westinghouse's implementation of the igniter location
criteria as listed in Table 6.2.4-6 of the SSAR, the staff concludes that adequate igniter coverage
has been provided. '

An additional consideration is the potential of generating significant concentration gradients
within the containment during the course of the event. The staff does not expect significant
stratification within the AP600 containment based on the above mixing evaluation for the HRS
and the number and location of igniters provided for the AP600 containment.

The hydrogen igniters are turned on upon operator entry into function restoration guideline,
AFR-C.1, "Response to Inadequate Core Cooling,” of the AP600 ERGs. Status tree, AF-0.2,
"Core Cooling," of the AP600 ERGs directs the operator to AFR-C.1 when core exit
thermocouples read greater than 650 °C (1200 °F). The HIS has been identified as one of the
systems to be included in the equipment survivability program. Equipment survivability is
discussed in Appendix D to the AP600 PRA and evaluated in Section 19.2.3.3.7 of this report.

The HIS conforms to the requirements of SECY-93-087 and 10 CFR 50.34(f)(2)(ix) by providing
reasonable assurance that uniformly distributed hydrogen concentrations inside containment will
not exceed 10 percent. Therefore, Open Item 19.2.3.3-2 is closed.

6.2.6 Containment Leakage Testing

The applicant's top level description of the proposed containment leakage testing program for
APS600 facilities is described in SSAR Section 6.2.5 and in the proposed technical specifications
of SSAR Section 16. The test program will conform to the performance-based requirements of
Option B of 10 CFR 50, Appendix J. The staff reviewed the information in the SSAR for
conformance to 10 CFR Part 50, Appendix J, Option B, and to GDC 52, 53, and 54. The staff
used the guidance, staff positions and acceptance criteria of SRP Section 6.2.6 in conducting its
review. The staff also utilized recent generic guidance promulgated to operating reactor
licensees for Option B conversions.

Each COL applicant will develop a "Primary Containment Leakage Rate Testing Program” as
specified in SSAR Section 6.2.6 and by TS 5.5.9. This program will identify the specific

~ technical specifications surveillance requirements and test criteria for containment leakage tests.
RG 1.163, “Performance-Based Containment Leak-Test Program,” guidance will be followed in
development of this test program. This is COL Action Item 6.2.6-1.

The staff review of the AP600 containment leakage testing program encompassed the following
review areas, as identified in SRP Section 6.2.6:

» Type A leakage rate testing, including pretest requirements, general test methods,
acceptance criteria for preoperational, and periodic leakage rate tests, provisions for
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additional testing in the event of failure to meet acceptance criteria, and scheduling of
tests :

Containment penetration Type B leakage rate testing, including identification of
containment penetrations, general test methods, test pressures, acceptance criteria, and
scheduling of tests

Containment isolation valve Type C leakage rate tests, including identification of isolation
valves, general test methods, test pressures, acceptance criteria, and scheduling of tests

Proposed technical specifications requirements pertaining to containment leakage rate
testing '

The staff's findings for each of the above areas is discussed below. See also the staff's
evaluation of the ITAAC in Chapter 14 of this report.

6.2.6.1 Containment Integrated Leakage Rate Type A Tests

Type A tests serve to provide assurance that containment leakage, in the event of an accident,
will not exceed the values assumed in the analyses of the radiological consequences of DBAs.
An initial preoperational Type A test will be performed prior to initial startup, and periodic Type A
tests and post-repair tests will be performed thereafter.

Pretest Requirements for Type A Tests

The SSAR confirms that each Type A test will include the following pretest actions:

A general containment inspection (internal and external) will be conducted of accessible
areas. Any structural deformation or structural deterioration will be repaired before the Type
A test; otherwise, the Type A test will be conducted in an "as found" condition (i.e., before
maintenance on valves, gaskets, seals, etc.).

Isolation valves will be placed in their accident position using the normal method of
operation, unless placement in that position is unsafe or impractical.

Portions of fluid systems penetrating containment, that are part of the RCS.boundary,b and
that are open to the containment atmosphere under LOCA conditions, will be vented to the
containment atmosphere. :

Portions of systems inside containment, that penetrate containment and could rupture under
LOCA conditions, will be vented to the containment atmosphere and drained of fluid (unless
the system would be water-sealed or operating during an accident) to expose the isolation
valves to the pressurized containment atmosphere.

Components, such as tanks and instrumentation, inside containment will be vented to the
containment atmosphere or removed from the containment, as necessary, to protect them
against the effects of test pressure or to preclude leakage, which could affect the accuracy of
the Type A test.
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» Test conditions will be allowed to stabilize for at least four hours before beginning the test.
Compliance with the above satisfies the pretest requirements of Appendix J, Section IIl.

Test Method for Type A Tests

The SSAR indicates that, consistent with ANSI-56.8-1994, “Containment Systems Leakage
Testing Requirements,” the "absolute" method will be used for Type A tests. The containment
will be pressurized with clear dry air to a pressure of Pa. Pa for the AP600 is 412 kPa (45 psig).
The accuracy of the test will be verified by a supplemental test using methodology consistent
with ANSI-56.8-1994. The ANSI-56.8-1994 test methodology is acceptable for use under
Option B.

A permanently installed, non-safety-related piping system will be provided to facilitate controlied
pressurization and depressurization of the containment. Portable compressors will be
temporarily connected to the piping system for testing.

Test duration will be a minimum of eight hours. This is consistent with ANSI-56.8-1994 and is
acceptable.

Test Acceptance Criteria

The maximum allowable leakage rate (La) is 0.10 percent of the containment air weight per day
at Pa. During the first startup following testing, in accordance with the Primary Containment
Leakage Rate Testing Program, the leakage rate acceptance criterion will be 0.75 La. The
allowable leak rate of 0.10 percent per day is consistent with the value used in analyses of the
radiological consequences of a LOCA, as cited in Table 15.6.5-2 of the SSAR, and is the value
cited in Section 6.2.6 of the SRP. It is therefore an acceptable leakage rate.

Provisions for Additional Testing in the Event of Failure to Meet Acceptance Criteria

ANSI-56.8-1994 specifies appropriate leakage pathway isolation, repair and adjustment criteria
to assure that overall as-found and as-left measurements are accurately determined to the
extent possible, and without the need for test termination and a subsequent retest. If any Type
A test fails to meet the test acceptance criteria, the test schedule for subsequent tests will be
adjusted in accordance with Primary Containment Leakage Rate Test Program requirements.

Scheduling of Type A Tests

An initial preoperational Type A test will be performed before initial power operétion. Periodic
Type A tests will be scheduled in accordance with the Primary Containment Leakage Rate
Testing Program using Option B performance-based criteria.

6.2.6.2 Containment Penetration Leakage Rate Type B Tests

Type B tests are intended to detect or measure leakage across pressure-retaining or
leakage-limiting boundaries other than isolation valves.
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Identification of Containment Penetrations

Type B penetrations incorporate features such as resilient seals, gaskets, or bellows. The four
containment penetration types that will receive preoperational and periodic Type B tests are:
(1) penetrations having resilient seals, gaskets, or sealant compounds; (2) air locks and
associated door seals; (3) maintenance and equipment hatches and associated seals; and

(4) electrical penetrations. This includes one main equipment hatch, two personnel hatches,
one fuel transfer tube, a maintenance hatch, 32 electrical penetration assembilies, and three
spare electrical penetration assembilies.

General Test Methods

The SSAR states that the test boundary will be pressurized with air or nitrogen using local test
connections. The pressure decay or flowmeter makeup flowrate test methods will be used for
leakage measurement.

Test Pressures

- In the SSAR, Westinghouse states that the test pressure will not be less than Pa. Pa for the
APS600 is 412 kPa (45 psig). '

Acceptance Criteria

In the SSAR, Westinghouse states that the Type B leak rate test results will be combined with
the Type C results in accordance with Appendix J. The combined Types B and C acceptance
criterion is 0.6 La. In addition, air lock chambers and individual doors must meet specific
leakage acceptance criteria identified in the technical specifications.

Sche&ulinq of Tests

The schedules for periodic Type B leak rate tests will be in accordance with the Primary
Containment Leakage Rate Testing Program to be developed using Appendix J, Option B, and
RG 1.163.

6.2.6.3 Containment [solation Valve Leakage Tests

Type C tests measure containment piping penetratioh/isolation valve leakage rates.

Identification of Isolation Valves. Subject to Type C Testing

Valves at the containment boundary in steam generator and associated secondary system
piping will not be Type C tested but will be tested with the containment (i.e., during Type A
testing, the steam generator secondary side will be opened and vented to the atmosphere). The
AP600 is a pressurized-water reactor, therefore, these valves are not encompassed by
Appendix J, paragraph Il.H, which identifies those isolation valves for which Type C testing
requirements are applicable. The other containment isolation valves will be Type C tested.
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General Test Methods

Isolation valves whose seats may be exposed to the containment atmosphere during a LOCA
will be pneumatically tested with air or nitrogen. Valves in lines that would be filled with liquid for
at least 30 days during the course of a LOCA will be tested with that liquid. Isolation valves will
be closed by normal means without preliminary exercising or adjustments. Piping within the test
boundary will be drained as necessary to assure that a water seal does not produce inaccurate
results. The pressure decay method or flowmeter makeup method of leakage measurement will
be used.

Test Pressures

The test pressure Will be Pa for pneumatic tests and 1.1 Pa for liquid tests.
Acceptance Criteria

Type C test results will be combined with Type B results.

Scheduling of Tests

Type C tests will be performed periodically in accordance with the Primary Containment
Leakage Rate Testing Program requirements developed using performance-based Option B
criteria.

6.2.6.4 Technical Specifications

The staff reviewed the proposed technical specifications in SSAR Chapter 16. The staff
determined that the proposed TS are consistent with staff guidance for format and content of
technical specifications for containment leakage testing. As stated above, each COL applicant
is required to develop a "Primary Containment Leakage Testing Program." This program is a
licensee-controlied document that is invoked by reference in the surveillance requirements.

6.2.6.5 Resolution of DSER Open ltems

DSER Open ltem 6.2.6.1-1 was the applicant's proposal to establish a maximum Type A test
interval and decouple the test schedule from the ASME Inservice Inspection Program 10-year
schedule. This open item is resolved by Westinghouse’s adoption of Option B, which includes
criteria for a performance-based retest schedule. Therefore, DSER Open Item 6.2.6.1-1 is
closed.

Appendix J requires that air locks be leakage tested at six-month intervals. DSER Open
ltem 6.2.6.2-1 was an exemption proposal by the applicant to allow air lock leakage tests to be
delayed until after the next air lock opening, if the air lock has not been opened. This proposal
was dropped from SSAR Section 6.2.5. Therefore, DSER Open ltem 6.2.6.2-1 is closed.
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6.2.6.6 Conclusion

On the basis of its review, the staff concludes that the proposed AP600 containment leakage
testing program complies with the acceptance criteria of Section 6.2.6 of the SRP. Compliance
with the SRP acceptance criteria provides adequate assurance that containment leak-tight
integrity can be verified before initial operation and periodically throughout its service life.
Compliance with the criteria in Section 6.2.6 of the SRP, as described in this section, constitutes
an acceptable basis for satisfying the containment leakage rate testing requirements of GDC 52,
GDC 53, and GDC 54. _ :

6.2.7 Fracture Prevention of Containment Pressure Boundary

The staff reviewed the AP600 measures involving fracture prevention of ferritic materials used in
the containment pressure boundary in accordance with Section 6.2.7 of the SRP. Containment
pressure boundary ferritic materials are acceptable if they meet the requirements of GDC 51 as
it relates to the reactor containment pressure boundary being designed with sufficient margin to
assure that under operating, maintenance, testing, and postulated accident conditions the ferritic
materials will behave in a nonbrittle manner and the probability of rapidly propagating fracture is
minimized.

The AP600 containment, as discussed in Section 3.8 of the SSAR, will be fabricated from ASME
SA537, Class 2 material in accordance with the ASME Code, Section Ill, Subsection NE. The
ferritic steel components of the containment meet the requirements of the 1989 Edition, including
the 1989 Addenda. Section lll, Subsection NE, has fracture toughness requirements that will
ensure nonbrittle performance and minimize rapidly propagating fracture. This satisfies GDC 51
as it relates to ferritic materials behaving in a nonbrittle manner and minimizing the probability of
rapidly propagating fracture. '

6.2.8 In-Containment Refueling Water Storage Tank Hydrodynamic Loads

6.2.8.1 Introduction

The in-containment refueling water storage tank (IRWST) is a stainless steel lined tank located
inside containment underneath the operating deck. The IRWST is designed as a Westinghouse
Equipment Class C, seismic Category 1 structure, and is an integral part of the containment. It
is filled with borated water of approximately 2750 ppm concentration, and has a normal depth of
8.5 m (28 ft), which displaces a volume of 2.12E+06 L (560,000 gallons).

The elevation of the bottom of the IRWST is above the RCS loop elevation so that the borated
water can drain under the influence of gravity into the RCS after sufficient depressurization. It is
connected to the RCS through two injection lines directly penetrating the reactor vessel.
Flow-tuning orifices are included in the injection lines of the IRWST to allow field adjustments of
the line resistance. The IRWST can provide sufficient injection until the containment sump
floods to a level high enough for recirculation flow. The duration of the injection varies according
to the particular event.

The IRWST contains the PRHR heat exchanger and two depressurization spargers. The tank is

sized to flood the containment for the purpose of long-term cooling in the event of a LOCA, and
to allow for operation of the PRHR heat exchangers. Conservative aliowances for spill flow that
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would occur in the event of a vessel injection line break are incorporated into the design. An
overflow to the refueling cavity is provided for the IRWST to accommodate the increases in
volume and mass during PRHR heat exchanger or ADS operation, while minimizing the floodup
of the containment.

Vents are installed in the roof of the IRWST on the side nearest the containment wall. The vents
are normally closed to prevent foreign debris from entering the IRWST and to contain water
vapor during normal operation. Vents open upon a slight pressurization of the IRWST to provide
a release path into the containment atmosphere for steam released by the spargers or the
PRHR heat exchangers. Vents open upon slight pressurization of the containment to equalize
the IRWST with the external pressure during a DBA.

Connections to the IRWST are made for transfer to and from the RCS/refueling cavity via the
RNS system, purification and sampling via the spent fuel pit cooling system, and for remotely
adjusting the boron concentration via the PCCS test panel connection to the CVCS. The IRWST
is also capable of being cooled by the RNS heat exchangers and can provide injection from this
source.

Instrumentation associated with the IRWST includes level and temperature sensors providing
both indication and alarm functions.

The APB600 design utilizes an ADS to depressurize the RCS so that long-term gravity cooling of
the of the RCS may be established for various postulated plant events. The ADS system is
composed of four distinct stages for blowdown of the RCS; the first, second and third stages
discharge into the IRWST. These discharges enter the IRWST via two submerged spargers so
that the steam/water discharge from the RCS will be quenched in the IRWST water. This
process of discharging a hot pressurized steam/water mixture into a pool of relatively cool water
provides for an efficient method for quenching the hot pressurized mixture but also produces
significant oscillatory hydrodynamic load on the IRWST structure. This load must be
incorporated into the design and internals of the structure. This section of the report will address
the evaluation of the Westinghouse analysis used to quantify the hydrodynamic loads imparted
to the IRWST structure from the condensation of the RCS coolant being condensed in the
IRWST. -

6.2.8.2 Evaluation

Westinghouse's approach to establishing the value of these pool dynamic loads was to conduct
a series of tests. The main tests were conducted at the Casaccia Center for Energy Research in
Rome, Italy. At this center, the ADS system was modeled as a full-size system. The model
became known as the VAPORE test facility. The testing was divided into two parts, phases A
and B. Testing included testing the sparger, ADS valves, and piping under AP600 prototypical
RCS conditions.

Phase A testing was primarily intended to determine the Westinghouse sparger design
performance. Design performance in this sense means to determine the sparger’s ability to
quench the various expected flow rates of a hot pressurized steam, steam/water mixture, and
only hot pressurized water simulating the RCS coolant during an ADS blowdown. The goal of
the tests was to show the quencher’s ability to condense the RCS coolant and establish that the
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hydrodynamic forces o'n the IRWST were limited to well below the design capabilities. In
addition the analytical methods used to calculate the hydrodynamic forces acting on the IRWST
would be validated by using the measured wall pressures as a means of comparison.

Phase B testing evaluated the ADS stage 1, 2, and 3 system. The specific test objectives were
to determine the opening times of the valves and the flow rates through the valves. Secondly,
they intended to show the flow behavior through the entire piping system with its associated
piping resistances. Lastly, they intended to qualify the computer codes used in the prediction of
the ADS blowdown with the associated pool hydrodynamic loads for both single- and two-phase
flow conditions.

To achieve these test objectives, a sufficient steam supply system was obtained. The supply
was connected to prototypical ADS piping and component systems, including the sparger.
Instrumentation to record the test data included pressure transducers, thermocouples, strain
gauges, and accelerometers. :

There were 19 Phase A tests conducted. The main reason for the number of tests was to vary
the RCS pressure and IRWST water level to show that the quencher would properly condense
steam under all anticipated flow conditions. It was not the intent of this phase to either
determine the associated loads nor the performance of the entire ADS system.

The staff reviewed the test data and made several findings. First of all, the slow opening of the
stage one ADS valves has shown that the air clearing load is minimal and can be neglected.

The opening times of the valves is the primary difference between the ADS valves and the
commonly discussed safety valves associated with BWR systems. Reviewing all the tests
results showed the maximum pressure pulse occurred during the steam bubble condensation
phase of the blowdown. This was expected because the air clearing loads were very small.
Recorded pressure magnitudes peaked at about 7 psi, and were recorded at the first instrument
rack. While pressures were measured during the Phase A tests, they were not considered in the
establishment of the AP600 design ioads because only the sparger was modeled with steam
flows well in excess of the design.

The Phase A test results were, however, used to establish the sparger anchor loads.
Measurements from strain gauges mounted directly on the sparger were used to develop these
loads. The staff reviewed this approach and concluded that these test results are adequate to
establish the sparger anchor loads. ' '

The Phase B tests were the basis for the establishment of the condensation loads. Visual
examinations showed that strong mixing currents existed throughout the test series. It was this.
information that led Westinghouse to conclude that there would be no thermal stratification within
the tank. The staff concurs with this assessment. The second general observation was that the
tank wall pressures decreased as the water was heated from 70° F up through saturation.
Finally, through all the tests chugging was not observed. The only loads seen were associated
with unstable steam condensation. As a result, the design loads are based on a nominal air
clearing load and an unstable steam condensation load.

The unstable steam condensation load was taken directly from the pressure measurements from

the wall-mounted transducers. For each frequency, the highest measurement during all tests
were taken. With this data, the source term at the sparger was determined using acoustic
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methodology. The source term was then used in a model of the actual AP600 IRWST tank. The
results of this analysis provided tank wall pressures which could then be used to establish
design pressure loads. Generally, the design loads were increased from 20 to 100 percent of
the calculated loads. The staff reviewed this approach and based on engineering judgment,
concluded that it is adequate for establishing wall loads.

‘The loading condition on the internal columns and piping represented a slightly different issue.
Unlike the determination of the wall loads described above, the tests conducted at the VAPORE
test facility did not have columns simulated within the tank. Therefore, there had to be a similar
approach using the wall measurements to establish the source term as discussed above. Using
the acoustic method and the source term, analytical calculations could then be used to
determine the local loads on the columns. The staff discussed this approach for resolving the
issue with Westinghouse. The results of these discussions was an agreed upon path to
resolution. In letter DCP/NRC 1340 dated April 9, 1998, Westinghouse submitted a report,
“Hydrodynamic Loads on Vessel Head Support Column and ADS Piping Induced by ADS
Blowdown.” The report describes the methodology used to calculate the submerged structure
drag loads. Enclosure 2 of the same report presents a table of calculated forces and moments
using this methodology and comparing the results with the initially assumed design load. The
initial design load was developed assuming a constant differential pressure load acting along the
entire length of the column of § and 7 psi. It is this method that was used to establish the
structural requirements of the columns and submerged piping. This new method was
established to show that the initial design approach was conservative.

This new method used to calculate the submerged structure drag loads requires the
determination of the acoustic source strengths at the ADS sparger location. This was
accomplished by conducting a series of tests of the full size sparger within a scaled test tank
representing the IRWST tank. The test were known as the “VAPORE" tests and the wall
pressure test data was recorded for the test series. Once the wall pressures were obtained
during the testing and sound speed determined, the acoustic source strength was determined
using incompressible fluid theory and classical acoustic equations, which in this case the
licensee had chosen the method of images (MOI) approach. The MOI has been previously
accepted by the staff for a similar application on BWR designs.

The bubble condensation theory used was based on work by Dr. F. J. Moody, and referenced in
the report. It assumes the formation of the single bubble which grows, detaches, and
experiences a sudden collapse. This assumption was one of the main concepts used to model
the condensation phenomena steam discharges within a BWR suppression pool. The approach
has been substantiated many times by independent researches and accepted by the staff for the
forcing function on current boiling water reactor suppression pool submerged structures.

Based upon the methodology presented by Westinghouse in document MT03-S3C-026, the
staff has concluded that the analytical principles are very similar to the methodology proposed
and accepted for other loading conditions in the submerged portions of the tank. The staff has
reviewed those areas that differ and have concluded that these areas are also acceptable. The
basis of acceptability has been the use of these same methods relative to BWR plant designs.
These methods have been previously found acceptable for BWR applications. Therefore, the
acceptability for the AP600 application was to determine applicability between designs. The
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staff has determined that the conditions are similar for both designs and therefore found
acceptable for use for the AP600 design for the determination of both column and piping loads.

Westinghouse, using this new methodology, computed the varying loads along the elevation of
the column that is submerged. This is about 17.5 feet in total length. The loads were then
compared to those loads computed using a constant pressure differential of both 5 psi and 7 psi.
It was found that for the column location nearest to the quencher (central bubble position) the
new method computed a 19.4 percent margin on force and 1.8 percent margin on moment when
compared to a 5 psi constant pressure differential. When compared to the larger 7 psi pressure
differential, the margins obviously increased significantly. The margin on force increased to
39.9 percent and the moment went to 29.9 percent.

For the 2/3 heighi bubble position the force margin was reduced to 7.0 percent while the
moment went to 21.1 percent for the 5 psi case. Similar bubble position for the 7.0 psi case
resulted in margins of 30.7 percent on force and 43.6 percent on moment.

Based on these demonstrations of margin as stated above, the staff has concluded that
Westinghouse has demonstrated that the design loads for the columns and piping within the
IRWST have been verified to be conservative through comparison of test data. Therefore, the
staff finds the design loads are acceptable. However, the staff requested Westinghouse to
reference the hydrodynamic load forcing function development methodology (used in its April 9,
1998, submittal) in SSAR Section 3.8.3.4.2.1. This was FSER Confirmatory Iltem 6.2.8-1. In
Revision 23 of the SSAR, Westinghouse provided the requested reference and FSER

_ Confirmatory ltem 6.2.8-1 is closed.

6.3 Passive Core Cooling System

The passive core cooling system (PXS) is a safety-related system designed to perform the
following safety-related functions:

» emergency core decay heat removal

» RCS emergency makeup and boration

+ safety injection

« containment sump pH control

The PXS is located inside the containment, and consists of the following major subsystems and
associated components:

an IRWST

a PRHR HX

two CMTs

an ADS

two accumulators

pH adjustment baskets

associated piping, valves, instrumentation, and other related equipment

L J L 4 L J L J [ L [ J
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These PXS subsystems or components require only a one-time alignment of valves upon

actuation. Once the initial actuation alignment is made, they rely solely on natural forces such
as gravity and stored energy to operate. The use of active equipment or supporting systems,
such as pumps, ac power sources, component cooling water or service water, is not required.

The IRWST is a large tank located above the elevation of the RCS loops that contains more
than 1982 m?® (70,000 f£') of borated water. It is the source of low-pressure safety injection by
gravity and the heat sink for the PRHR HX, which is submerged within it. The PRHR HX is
connected to the RCS through an iniet line from one RCS hot leg and an outlet line to the
associated steam generator cold-leg plenum (RCP suction). The PRHR HX removes core
decay heat by natural circulation. The CMTs, which are filled with borated water during normal
operation, are located at an elevation above the RCS loops, and are connected to the RCS by
pressure balance lines from the cold legs, which maintain the CMTs at the RCS pressure. The
outlet line from the bottom of each CMT provides an injection path to the direct vessel injection
(DVI) lines into the reactor. The ADS consists of four different stages of valves. The first three
stages are connected to the top of the pressurizer and discharge through a sparger into the
IRWST, and the fourth stage valves connect to the top of the RCS hot legs and vent directly into
the steam generator compartment. The ADS valves are actuated sequentially to depressurize
the RCS to allow for gravity injection from the IRWST. The accumulators are filled with borated
water that is pressurized with nitrogen gas and will inject via the DVI lines into the RCS when the
RCS pressure falls below the accumulator pressure. The containment sump pH control uses pH
adjustment baskets containing granulated TSP, which dissolves when the containment sump
water floodup reaches the baskets, to maintain the required recirculation sump pH during severe
accident conditions.

The PXS is designed to mitigate design-basis events that involve a decrease in the RCS
inventory such as a LOCA, or an increase or decrease in heat removal by the secondary
system. For those non-LOCA events that result in an increase or decrease in heat removal by
the secondary system, the PRHR HX and CMT are actuated by the protection and safety
monitoring system (PMS) to remove core decay heat and provide makeup and boration for
reactor coolant shrinkage. For events that reduce RCS inventory, the CMTs are actuated by the
PMS to deliver borated water to the RCS via the DVI nozzles. As the CMTs drain down, the
ADS valves are sequentially actuated to depressurize the RCS and establish the low-pressure
conditions that allow injection from the accumulators, the IRWST and the containment
recirculation sump.

The AP600 PXS design has undergone many design changes since the original SSAR
submittal. In the DSER, the staff identified Open Item 6.3-1 stating that Section 6.3 of the SSAR
contained information that was not consistent with the eight major changes described in the
AP600 Design Change Description Reports, dated February 15, and June 30, 1994,
respectively. Subsequent revisions of the SSAR have incorporated these design changes, as
well as additional changes. The staff evaluation and the final design approval is on the basis of
this information. Therefore, Open ltem 6.3-1 is closed.

The staff review of the PXS uses SRP Section 6.3 as a guidance. Because the AP600 PXS is
quite different from the ECCS of the existing PWR designs, some SRP guidelines do not apply.
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The staff reviewed the PXS for conformance with the following requirements:

GDC 2, as it relates to the seismic design of the SSCs whose failure could cause an
unacceptable reduction in the capability of the ECCS to perform its safety function.
Acceptability is on the basis of meeting Position C2 of RG 1.29

GDC 4, as it relates to the dynamic effects associated with flow instabilities and loads

GDC 5, as it relates to SSCs that are important to safety being prohibited from being
shared among nuclear power units unless it can be demonstrated that sharing will not
impair their ability to perform their safety function '

GDC 17, as it relates to the onsite and offsite electric power systems to permit functioning
of the ECCS to provide sufficient capacity to ensure that specified acceptable fuel design
limits and the design conditions of the RC pressure boundary are not exceeded and that
the core is cooled during anticipated operational occurrences and accident conditions

GDC 27, as it relates to the system being designed with the capability to ensure that under
postulated accident conditions and with appropriate margin for stuck rods, the capability to
cool the core is maintained

GDC 34, as it relates to the ability of the residual heat removal system to transfer fission
product decay heat and other residual heat from the reactor core at a rate such that
specified acceptable fuel design limits and the design conditions of the reactor coolant
pressure boundary are not exceeded

GDCs 35, 36, and 37, as they relate to the ability of the ECCS to provide an abundance of
core cooling to transfer heat from the core at a rate so that fuel and clad damage will not
interfere with continued effective core cooling, to permit appropriate periodic inspection of
important components, and to permit appropriate periodic pressure and functional testing

10 CFR 50.46 and Appendix K to 10 CFR Part 50, as they relate to analysis of the ECCS
performance to ensure that it is accomplished in accordance with an acceptable
evaluation model

6.3.1 Design Bases

In Section 6.3.1 of the SSAR, Westinghouse describes the AP600 PXS design bases. The PXS
is designed to perform its safety-related functions on the basis of the following considerations:

It has component redundancy with limiting single failure considerations to perform
safety-related functions for postulated design-basis events.

Components are designed and fabricated according to industry-standard quality groups
commensurate with their intended safety-related functions following events such as fire,
internal missiles, or pipe breaks.

It will be tested and inspected at appropriate intervals as defined by the ASME Code,
Section Xl, and by technical specifications.
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. It is protected from the effects of external events such as earthquakes, tornados, and
floods.
. It is sufficiently reliable, considering redundancy and diversity, to support the plant core

melt frequency and significant release frequency goals.

The safety-related functional performance criteria of the PXS are described in the following
sections. '

6.3.1.1 Emergency Core Decay Heat Removal

For non-LOCA events, where a loss of core decay heat removal capability via the steam
generators occurs, the PRHR HX is designed to automatically actuate to remove core decay
heat to prevent water relief through the pressurizer safety valves (PSVs); cool the RCS to

215.6 °C (420 °F) within 36 hours, with or without reactor coolant pumps operating; continue
decay heat removal operation for an indefinite time in a ciosed-loop mode of operation in
conjunction with the PCS; and sufficiently reduce RCS temperature and pressure during a steam
generator tube rupture event to terminate break flow, without overfilling the steam generator.

6.3.1.2 RCS Emergency Makeup and Boration

For non-LOCA events that result in an inadvertent cooldown of the RCS, such as a steamiine
break, the PXS will automatically provide sufficient borated water to makeup for reactor coolant
shrinkage, counteract the reactivity increase caused by the system cooldown, allow for decay
heat removal, prevent actuation of the ADS, and eventually bring the RCS to a subcritical
condition.

6.3.1.3 Safety Injection

The PXS provides sufficient water to the RCS to mitigate the effects of a LOCA. In the event of
a large-break LOCA, up to and including a cold-leg guillotine break, the PXS rapidly refills the
reactor vessel, refloods the core, and continuously removes the core decay heat so that the
performance criteria for ECCSs are satisfied.

The ADS valves are designed so that the PXS will satisfy the smali-break LOCA perfoi'mance
requirements and provide effective long-term core cooling.

6.3.1.4 Safe-shutdown

Establishing a safe-shutdown condition in a plant requires maintenance of the reactor in a
subcritical condition and adequate cooling to remove residual heat. One of the functional
requirements for the PXS is that the plant be brought to a stable condition using the PRHR HX
for non-LOCA events. Because of the functional limitations of the safety-related PRHR HX in
passive plant designs, the Commission (June 30, 1994 SRM) has approved the position
proposed in SECY-94-084, "Policy and Technical Issues Associated with the Regulatory
Treatment of Non-Safety Systems in Passive Plant Designs." This position accepts 215.6 °C
(420 °F) or below, rather than the cold shutdown specified in RG 1.139, “Guidance for Residual
Heat Removal,” as the safe stable condition that the passive decay heat removal system must
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be capable of achieving and maintaining following a non-LOCA events. The PXS establishes
safe-shutdown by providing necessary reactivity control to maintain the core in a subcritical
condition, and by providing residual heat removal capability to maintain adequate core cooling.
The systems required for safe-shutdown are discussed in Section 7.4 of the SSAR.

- For non-LOCA events, the PRHR HX, in conjunction with the PCS, has the capability to bring the
plant to a stable safe-shutdown condition, cooling the RCS to about 215.6 °C (420 °F) in
36 hours, with or without the reactor coolant pumps operating.

The CMTs automatically provide emergency coolant makeup and boration to the RCS as the
temperature decreases and pressurizer level decreases, opening the CMT injection valves on
low pressurizer level. The PXS can maintain stable plant conditions for an extended period of
time in this mode of operation depending on the reactor coolant leakage, without ADS actuation.
For example, with reactor coolant leakage at the technical specification limit of 38 L/min

(10 gpm), stable plant conditions can be maintained for at least 10 hours.

The ADS automatically actuates when the liquid volume in the CMTs decreases below the ADS
actuation setpoints. The ADS valves are powered by the class 1E dc batteries which provide
power for at least 24 hours. A timer, which measures the time that ac power sources are
unavailable and, therefore, the time the class 1E batteries are being discharged, is used to
automatically actuate the ADS if offsite and onsite ac power are lost for 24 hours. Therefore, for
LOCAs or other postulated events where ac power sources are lost, or when the CMT levels are
sufficiently low, the ADS is automatically actuated. This results in injection from the
accumulators and subsequently from the IRWST once the RCS is nearly depressurized. For
these conditions, the RCS depressurizes to saturated conditions at about 115.6 °C (240 °F)
within 24 hours. The PXS can maintain the plant in this safe-shutdown condition indefinitely.

6.3.1.5 Containment Sump pH Control

The pH adjustment baskets of the PXS are capable of maintaining the post-accident pH
conditions in the recirculation water within a range of 7.0 to 9.5 after containment floodup, to
enhance radionuclide retention in the containment sump and prevent stress corrosion cracking
of containment components during long-term containment floodup.

6.3.2 System Design

The PXS is a seismic Category 1, safety-related system located inside the containment.
Therefore, the PXS is designed for a single nuclear power plant, and is not shared between
units, as required by GDC 5. GDC 17 requires an onsite electric power system and an offsite
electric power system be provided to permit functioning of SSCs important to safety. The PXS
relies on natural forces to perform its safety functions. It does not rely on any active system,
except for one-time alignment of dc-powered valves upon actuation. Therefore, no safety
related onsite or offsite ac electric power is needed for PXS functions. The PXS is designed to
provide adequate core cooling for design-basis events. Redundant onsite safety-related
Class 1E dc and UPS system power sources are provided to ensure that the system safety
functions can be accomplished under conditions when all ac power is lost, and assuming a
single failure has occurred coincident with an event.
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The PXS design comprises the six major subsystems or components that function together in
various different combinations to perform safety-related functions. A description of the six major
subsystems and components follows. The piping and instrumentation drawings of the PXS are
shown in Figures 6.3-1 and 6.3-2 of the SSAR. A summary of equipment parameters for the
major components is contained in Table 6.3-4 of the SSAR.

6.3.2.1 Core Makeup Tanks

The CMTs provide RCS makeup and boration during non-LOCA events when the normal
makeup system is unavailable or insufficient. For LOCA events, the CMTs provide
high-pressure safety injection to the RCS.

The two CMTs are vertical, cylindrical tanks with hemispherical upper and lower heads located
at an elevation slightly above the RCS loops (the bottom inside surface of each CMT is at least
2.3 m (7.5 ft) above the DVI nozzle centerline). Each CMT, having a volume of 56.6 m* '
(2000 ft*), is connected to the RCS through an inlet pressure balance line connecting to a cold
leg and a discharge line connected to a DVI line. Each CMT has an inlet diffuser, which is de-
signed to reduce steam velocities entering the CMT during relatively large size small-break
LOCAs, thereby minimizing potential water hammer. The CMTs are made of carbon steel, clad
on the internal surfaces with stainless steel.

During normal operation, the CMTs are completely filled with cold, borated water at 3300 ppm,
and are maintained at the RCS pressure by the pressure balance line, which prevents water
hammer upon initiation of the CMT injection. The inlet pressure balance line contains a normally
open motor-operated valve, and is sized to supply sufficient steam to allow CMT injection for
LOCAs, where the cold leg becomes voided and higher CMT injection flows are required. The
pressure balance line also includes a high point vent line, which has two manual isolation valves
in series and discharges to the RCDT. The operator can open the isolation valves to remove
and prevent the accumulation of noncondensible gases that could interfere with CMT operation.
The discharge line has two normally-closed, parallel air-operated isolation valves that will open
on a loss of air pressure or electric power, or on control signal actuation, to begin CMT injection.
Downstream of the air-operated valves (AOVs), the outlet lines combine into one line, which
contains two tilt-disc check valves in series to prevent backflow from the DVI line. The
discharge line from each CMT contains a flow-tuning orifice to provide for field adjustment of the
injection line resistance to establish the required flow rates for the associated plant conditions
assumed in the CMT design. The flow-tuning orifice will be adjusted as part of the preopera-
tional test program.

The CMT is actuated by the opening of the two parallel isolation valves in the discharge lines.
There are two operating processes for the CMTs, water recirculation and steam-compensated
injection. During water recirculation, hot water from the cold leg enters the CMT, and the cold
water in the tank is discharged to the RCS. This results in RCS boration and a net increase in
the RCS mass. During the steam-compensated injection, steam is supplied through the cold-leg
balance line to the CMT to displace the water that is injected into the RCS.

The actuation signals and logic, as well as the permissives and interlocks, to align the CMT for
injection are described in subsection 7.3.1.2.3 and Table 7.3-1 of the SSAR, and the actuation
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setpoints are specified in Table 3.3.2-1 of the AP600 TS. The discharge valve opening delay
times used in the safety analyses are provided in Table 15.0-4b of the SSAR.

6.3.2.2 Accumulators

The two accumulators are spherical tanks located on the containment floor just below the CMTs.
The accumulators, each having a volume of 56.63 cubic meters (2000 cubic feet), are filled with
borated water at a concentration of about 2500 ppm and pressurized with nitrogen gas to a
pressure between 4488 and 5399 kPa (651 and 783 psia). Each accumulator is connected to
one of the DVI lines. Each injection line contains a motor-operated valve, a flow-tuning orifice,
and two swing-disc check valves in series. The motor-operated valve is normally open with
power removed and locked out to prevent inadvertent isolation. The flow-tuning orifice provides
for field adjustment of the injection line resistance. During normal operation, the accumulator is
isolated from the RCS by the check valves. The accumulators have gas relief valves to protect
them from overpressurization caused by ieakage from the reactor coolant system. The system
also includes the capability to remotely vent gas from the accumulator, if required. During a
LOCA, when the RCS pressure falls below the accumulator pressure, the check valves open
and the borated water is forced into the RCS by the gas pressure. The AP600 accumulator
check valve application is identical to that for current plants. :

6.3.2.3 In-Containment Refueling Water Storage Tank

The IRWST is a large, stainless-steel lined tank containing 1982 n? (70,000 ft%) of borated water
with a boron concentration of about 2500 ppm. The IRWST is a safety injection source, and
also serves as the heat sink for the PRHR HX which is submerged within it. The IRWST is
connected to the RCS through both DVI lines. The IRWST is AP600 Class C equipment,
designed to meet seismic Category 1 requirements, and constructed as an integral part of the
containment internal structures. Its bottom is above the RCS loop elevation (the bottom inside
surface is at least 1.04 m (3.4 ft) above the DVI nozzle centerline) so that the borated refueling
water can drain and inject by gravity into the RCS after the RCS is depressurized. Each
injection line from the IRWST contains a motor-operated valve, which is normally open with
power removed and locked out, and a flow-tuning orifice, which provides for field adjustment of
the injection line resistance. The injection line contains two parallel lines, each with a check
valve and a squib valve in series. RCS injection from the IRWST is possible only after the RCS
has been depressurized by the ADS or a LOCA. Squib valves in the IRWST injection lines open
automatically on a fourth-stage ADS initiation signal. Check valves open when the reactor
pressure decreases below the IRWST injection head.

After the accumulators, CMTs, and the IRWST inject, the containment is flooded to a level
sufficient to provide recirculation flow through the gravity injection lines back into the RCS.
There are two containment recirculation lines from the containment sump, each connecting to an
IRWST injection line. Each recirculation line contains two parallel lines, one having a normally
closed motor-operated valve (MOV) and a squib valve in series, and the other having a check
valve and a squib valve in series. When the IRWST level decreases to a low level, the
recirculation line MOV and squib valves automatically open to provide redundant flow paths from
the containment to the reactor.
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The actuation signals and logic, as well as the permissives and interlocks, to align the IRWST
injection and containment recirculation are described in Section 7.3.1.2.2 and Table 7.3-1 of the
SSAR, and the actuation setpoints are specified Table 3.3.2-1 of the AP600 TS.

The IRWST and the containment recirculation sump are each provided with two separate
screens to prevent debris from entering the reactor and blocking core cooling passages during a
LOCA. These screens are oriented vertically, and located at the bottom of the opposite ends of
the IRWST and the containment sump along the walls about 0.6 m (2 ft) above the floor. They
are designed to comply with RG 1.82, “Water Sources for Long-Term Recirculation Cooling
Following a Loss-of-Coolant Accident.” The IRWST is lined with stainless steel and does not
contain material either in the tank or the recirculation path that could plug the outlet screens. TS
require visual inspections of the screens during every refueling outage to ensure they are not
restricted by the debris. The design of the IRWST and recirculation screens and the design
criteria are discussed in Section 6.3.2.2.7 of the SSAR. The staff evaluation of the IRWST and
recirculation screens is discussed in Section 6.2.1.8 of this report.

6.3.2.4 pH Adjustment Baskets

The PXS utilizes pH adjustment baskets to control postaccident pH level in the containment
sump within a range of 7.0 to 9.5. The baskets, which contain at least 5239 kg (11,550 Ibs) of
granulated TSP, have a mesh front and are located below the minimum postaccident floodup
level so that chemical addition is initiated passively when the sump water reaches the baskets.
The baskets are placed at least 0.3 m (1 ft) above the floor (the pH baskets are located below
plant Elevation 32.7 m (107'-2") to reduce the chance that water spills in containment will
dissolve the TSP.

The baskets are made of stainless steel with a mesh front that readily permits contact with
water. The evaluation of the adequacy of the pH adjustment baskets is discussed in
Section 15.3, "Radiological Consequences of Accidents,"” of this report under the heading of
"Postaccident Containment Water Chemistry Management."”

6.3.2.5 Passive Residual Heat Removal Heat Exchanger

The PRHR HX consists of inlet and outlet channel heads connected by 671 vertical C-shaped
tubes 1.9 cm (0.75 in) in diameter. The tubes have vertical sections 5.49 m (18 ft) long, and are
submerged inside the IRWST with the top of the tubes several feet below the IRWST water
surface. The IRWST acts as a heat sink for the heat exchanger. The design heat transfer rate
and flow are 1.1E+11 J/hr (1.06E+8 BTU/hr) and 1.3E+5 kg/hr (2.93E+5 Ib/hr), respectively, as
specified in Table 6.3-4 of the SSAR. The PRHR HX is connected to the RCS by an inlet line
from one hot leg and an outlet line to the associated steam generator cold-leg plenum (RC pump
suction).

The PRHR HX performs emergency core decay heat removal by natural circulation for events
not involving a loss of coolant. The heat exchanger is elevated above the RCS loops to induce
natural circulation flow through the PRHR HX when the RC pumps are not available. The PRHR
HX inlet line contains a normally open, MOV. This alignment maintains the heat exchanger full
of reactor coolant at the RCS pressure. The outlet line contains two parallel, normally closed,
air-operated valves that open on loss of air pressure or on control signal actuation, and a
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normally open manually operated valve in series. The two parallel valves in the discharge line
ensure an available flow path for the single failure assumption of an inoperable valve in the
safety analysis. The discharge valve opening time delays assumed in the safety analyses are
provided in Table 15.0-4b of the SSAR. The water temperature in the heat exchanger is about
the same as the water temperature in the IRWST, so that a thermal driving head is established
and maintained during plant operation. The PRHR HX piping arrangement also allows for
actuation of the heat exchanger with the reactor coolant pumps operating, which provide forced
flow in the same direction as the natural circulation. If the pumps are operating and
subsequently trip, natural circulation continues to provide the driving force for heat exchanger
flow. The PRHR HX flow and inlet and outlet temperatures are monitored by indicators and
alarms. The operator can take action, as required, to meet the technical specification require-
ments or follow emergency operating procedures for control of the PRHR HX operation.

The PRHR HX has a high point vent, which is a vertical pipe stub on the top of the inlet piping
high point that serves as a gas collection chamber. Level detectors indicate when the gases
have collected in this area. The operator can open manual valves to locally vent these gases to
the IRWST.

The PRHR HX, in conjunction with the passive containment cooling system (PCS), can provide
core cooling for an indefinite period of time. The operation of the PRHR HX results in the
steaming of the IRWST water. Steam condensation occurs on the steel containment vessel,

and the condensate returns to the IRWST through a safety-related gutter arrangement located at
the operating deck level. The gutter normally drains to the containment sump, but will direct the
gutter overflow to the IRWST when safety-related isolation valves in the gutter drain line shut at
the initiation of the PRHR. Recovery of the condensate maintains the PRHR HX heat sink for an
indefinite period of time.

The actuation signals and logic, as well as the permissives and interlocks, to align the PRHR HX
for heat removal are described in Section 7.3.1.2.7 and Table 7.3-1 of the SSAR, and the
actuation setpoints are specified Table 3.3.2-1 of the AP600 TS. The discharge valve opening
delay times used in the safety analyses are provided in Table 15.0-4b of the SSAR.

6.3.2.6 Automatic Depressurization System

The ADS has a total of 20 valves divided into two identical groups, each consisting of four
different stages of valves. Each of the first three stages has two normally closed, dc MOVs in
series, one termed an isolation valve and the other a control valve. The isolation valves are gate
valves, and the control valves are globe valves. The fourth stage in each group has a common
header connected directly to the top of a RCS hot leg. The header branches into two lines, each
containing a normally open motor-operated gate valve and a squib valve in series. The fourth
stage valves vent directly to the steam generator compartment. Section 5.4.6.2 of SSAR
specifies that the first-stage ADS valves are motor-operated 10 cm (4 in) valves, the second-
and third-stage valves are 20 cm (8 in) valves, and the fourth-stage valves are 25 cm (10 in)
valves.

In the DSER, the staff identified Open Item 6.3.2.6.1, which stated that the staff was reviewing
Westinghouse's proposed approach of not specifying the ADS valve types. This would allow for
flexibility in the valve type to be used in various stages, with the specific valve types to be
selected as a COL application activity, and the AP600 safety analysis to be performed using

NUREG-1512 _ 6-92



Engineered Safety Features

bounding ADS valve and system parameters. The ADS valves are now specified, as described
above, therefore, Open Item 6.3.2.6.1 is closed.

The first three stages in each group have a common inlet header connected to the top of the
pressurizer. The outlets of each group of the first three stages are combined into a common
discharge line to a sparger. The sparger has four branch arms inclined downward. The sparger
midarms are submerged below the normal water level in the IRWST and are designed to
distribute steam into the IRWST, thereby promoting more effective steam condensation. The
installation of the spargers prevents undesirable and excessive dynamic loads on the IRWST.
Each sparger is sized to discharge at a flow rate that supports the ADS performance to
depressurize the RCS to allow adequate PXS injection. The common discharge line also has a
vacuum breaker to help prevent water hammer following ADS operation by limiting the pressure
reduction caused by steam condensation in the discharge line, and thus limiting the potential for
liquid backflow from the IRWST.

The ADS valves are designed to automatically open when their actuation setpoints are reached,
and remain open for the duration of an automatic depressurization event. The stage 1, 2, and 3
ADS valves open sequentially. The isolation valves in each stage open first, followed by the
control valves, which are designed to open relatively slowly, after a short time delay. The ADS
actuation logic is discussed in Section 7.3.1.2.4 and summarized in Table 7.3-1 of SSAR. The
first stage valves automatically actuate on the CMT Low-1 level signal; the second- and
third-stage valves actuate subsequently with preset time delays between stages; and the fourth
stage valve actuates upon the coincidence of a CMT low-2 level and low RCS pressure following
a preset time delay after the third stage depressurization valves are opened. The fourth stage
valves can also be opened upon the occurrence of coincidence loop 1 and loop 2 hot leg levels
below the low-2 set point for a duration exceeding a time delay. This signal is automatically
blocked when the pressurizer water level is above the P-12 setpoint to reduce the possibility of a
_spurious signal. Table 15.6.5-11 of the SSAR provides a list of ADS parameters, including the
CMT levels when the various ADS stage valves actuate, the actuation delay times, minimum
valve flow areas, and valve opening times. The operators can also manually open the first-stage
valves to a partially open position to perform a controlied RCS depressurization. The operator
can also manually initiate the fourth stage valves. The manual initiation signal is interlocked to
prevent actuation until either the RCS pressure has decreased below a preset setpoint, or until
the signals that control the opening sequence of the first three stages have been generated.

6.3.2.7 Low Differential F.’ressure' Opening Check Valves

Passive core cooling systems contain several check valves designed to operate with low
differential pressures which could affect the passive system reliability. Section B, “Definition of
Passive Failure,” of SECY-94-084, describes a Commission-approved position (June 30, 1994,
SRM) to maintain current licensing practices for passive component failures in passive LWR ‘
designs. The position also redefines check valves (except for those whose proper function can
be demonstrated and documented) in the passive safety systems as active components subject
to single failure consideration.

The AP600 PXS has been speciﬁéally designed to treat check valve failures-to-reposition as

active failures. It assumes that normally closed check valves fail to open and normally open
check valves fail to close. Check valves that remain in the same position before and after an
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event are not considered active failures. Exceptions to this treatment in the PXS are made for
the accumulator and CMT check valves. The treatment of the accumulator check valves is
consistent with the treatment of these specific check valves in currently licensed plant designs
because the accumulator pressure will eventually create a large pressure differential to force
open the valves as the RCS pressure falls. The CMT check valve exception to active failure
treatment is discussed below. Section 1.9.5.3.2 of the SSAR states that the AP600 is designed
with redundancy for the check vaive applications in the CMT discharge lines, the IRWST gravity
injection lines, and the containment isolation lines that use check valves. The redundancy and
diversity in the design among these multiple safety-related flow paths is sufficient to
accommodate the single failure of a check valve to reposition as required to perform its
safeguard function. In the DSER, the staff identified DSER Open Item 6.3.2.2-1, which stated

.that the staff agreed with Westinghouse's position, and would use this position to evaluate the
appropriateness of the check valve arrangements in the PXS. The staff has completed its
review of the PXS check valves arrangements, as described below. As a result of its review, the
staff concludes that DSER Open Item 6.3.2.2-1 is closed.

Both the IRWST and the containment recirculation injection lines contain normally closed, simple
swing check valves, which must change position to perform its safety functions. Therefore,
these check valves are considered active components subject to single-failure assumption.

Each IRWST injection line contains two parallel paths, each having a check valve and a squib
valve in series. This redundant parallel paths design assures operability of the IRWST injection
with a single failure of a check valve. The containment recirculation injection line also contains
two redundant parallel paths, one having a check valve and a squib valve in series, and the
other having a MOV and a squib valve in series.

Each CMT injection line contains two tilt-disc check valves in series to prevent back flow from
the DVI line. However, these tilt-disc check valves are biased open during normal plant
operation, and do not have to change position to perform their safety function to open the CMT
injection lines. There is only a low probability that these check valves will not reopen within a
few minutes after they have cycled closed during accumulator operation. Therefore, they are
considered passive components, not subject to single active failure consideration for the
opening function. However, a single active failure has been taken into account for the closing
function of these check valves by providing two check valves in series.

Each accumulator injection line contains two. normally closed, swing check valves in series to
prevent the RCS back flow. However, these check valves are similar to the check valves used
in current PWR applications and are in the closed position with a differential pressure of about
10,600 kPa (1550 psid) during normal operation. They are not subject to the degradation from
flow operation or impact loads caused by sudden flow reversal and seating. During a LOCA,
these check valves will be forced open by a large differential pressure created by the
accumulator pressure as the RCS depressurizes. Therefore, as stated above, they are not
subject to single active failure consideration. The staff finds that the check valve arrangements
in the PXS are acceptable.

6.3.2.8 System Reliability
The PXS is designed to satisfy a variety of requirements to ensure its availability and the

reliability of its safety functions, including redundancy (e.g., for components, power supplies,
actuation signals, and instrumentation), equipment testing to confirm operability, procurement of
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qualified components, and provisions for periodic maintenance. In addition, the design provides
protection against single active and passive component failures; spurious failures; physical
damage from fires, flooding, missiles, pipe whip, and accident loads; and environmental
conditions such as high-temperature steam and containment floodup.

To ensure system operability and allow for immediate corrective actions, the PXS equipment
conditions are monitored with indications and/or alarms in the MCR to alert the operator of
equipment conditions outside of the TS limits. The monitored parameters include: the CMT
level, temperature, and inlet line non-condensible gas volume; accumulator level and pressure;
IRWST level and temperature; and PRHR HX inlet line non-condensible gas volume.

6.3.2.8.1 Redundancy and Single Failure Consideration

In the DSER, the staff stated that the specific PXS design features to enhance the system
reliability were still under staff review. This was identified DSER Open Item 6.3.2.8.1. The
staff's review is complete as discussed below. As a result of its review, the staff concludes that
the system reliability of the PXS is acceptable, and therefore, DSER Open Iltem 6.3.2.8.1 is
closed. ‘ ' ‘

The PXS system is designed with sufficient redundancy to withstand credible single active and
passive failure. The AP600 has been specifically designed to treat check valve
failures-to-reposition as active failures. Check valves that remain in the same position before
and after an event are not considered active failure. As discussed in Section 6.3.2.7 of this
report, the accumulator check valve opening and the CMT check valve re-opening are the two
exceptions. Single active failures are considered in Chapter 15 DBA analyses. In addition, for
those valves that reposition to initiate safety-related system functions, the valve reposition times
are less than the times assumed in the accident analyses.

A passive failure in a fluid system is a breach in the fluid pressure boundary or mechanical
failure that adversely affects a flow path. SECY-94-084 states the Commission-approved
position that, consistent with current licensing practices, passive ALWR designs need not
assume passive component failures in addition to the initiating failure in the application of single
failure criterion to assure safety of the nuclear power plant, and that only on a long term basis
does the staff consider passive failures in fluid systems as potential accident initiators in addition
to initiating events. The AP600 PXS can sustain a single passive failure during the long-term
cooling phase and still retain an intact flow path to the core to supply sufficient flow to keep the
core covered and to remove decay heat. The PXS flow paths are separated into redundant -
lines, either of which can provide minimum core cooling functions and return spill water from the
floor of the containment back to the RCS. For the long-term PXS function, adequate core
cooling capacity exists with one of the two redundant flow paths.

The staff reviewed the piping diagrams of Figures 6.3-1 through 6.3-4 of the SSAR to evaluate
the functional reliability of the system in the event of single failures. The existence of the
redundancy required by the single active failure is confirmed.

Table 6.3-5 of the SSAR provides a summary of the failure mode and effect analysis of the PXS

active components. Each of the valves in the PXS (including check valves, isolation valves, air-
or motor-operated valves, and squib valves) and the Class 1E dc and UPS system distribution

6-95 NUREG-1512



Engineered Safety Features

switchgear division were examined for failure modes, as well as failure detection methods, for all
design-basis events to determine the effect on system operation.

6.3.2.8.2 Valve Opening Lag Times

For those valves that reposition to initiate safety-related system functions, the valve
repositioning times are less than the times assumed in the accident analyses as specified in
Table 15.0-4b of the SSAR. These lag times refer to the time after initiation of the safeguards
actuation signal.

6.3.2.8.3 Potential Boron Precipitation

Boron precipitation in the reactor vessel is prevented by sufficient flow of PXS water through the
core to limit the increase in boron concentration of the water remaining in the reactor vessel.
Water, along with steam, leaves the core and exits the RCS through the fourth stage ADS lines.
Long-term cooling analysis results of various breaks presented in Section 15.6.5.4C.3 of the
SSAR indicate that venting of core steam and water ensures that there is adequate liquid flow
through the core to cool it and to prevent boron precipitation. The staff evaluation of this issue is
included in Section 15.2.7 of this report on long-term cooling.

6.3.2.8.4 Testing and Inspection

The PXS systems and components are designed to permit periodic inspection and testing of the
operability of the system throughout the life of the plant, as required by GDC 36 and 37.

Section 6.3.6 of the SSAR describes the inspection and testing requirements, including the
preoperational inspection and testing, and in-service inspection and testing. Preoperational
inspections are performed to verify that important elevations associated with the PXS
components are consistent with the accident analyses. The preoperational testing of the PXS is
described in Section 14.2.9.1.3 of the SSAR. This testing includes valve inspection and testing,
flow testing, and verification of heat removal capability.

Two basic types of in-service testing are performed on the PXS components: periodic exercise
testing of active components during power operation, and operability testing of specific PXS
features during plant shutdown. The PXS includes specific features to support in-service test
performance. These include (1) remotely operated valves can be exercised during routine plant
maintenance; (2) level, pressure, flow, and valve position instrumentation is provided for
monitoring required PXS equipment during plant operation and testing; and (3) permanently
installed test lines and connections are provided for operability testing. Section 3.9.6.2 of the
SSAR provides a description of the in-service testing of valves. Table 3.9-16 and 3.9-17 of the
SSAR, respectively, specify the vaive inservice test requirements and system level operability
test requirements.

6.3.2.8.5 Seismic and Equipment Classifications

The PXS is a safety-related system, and all the subsystems are designed to meet seismic
Category 1 requirements. Table 3.2-3 of SSAR specifies the seismic category and the quality
group classification of various system components. The PXS components are designed to meet
the requirements of seismic Category 1 SSCs, and withstand the effects of an SSE and remain
functional. Because all the PXS subsystems rely on natural forces such as gravity and stored
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energy to perform their safety functions, they require no supporting systems, whose failures
could have an adverse effect on the PXS. There is not a non-safety-related system whose
failure could reduce the functioning of the PXS. Therefore, the PXS meets position C.2 of
RG 1.29, “Seismic Design Classification,” and GDC 2 requirements.

Portions of the PXS, such as the PRHR HX, CMT, and ADS, which are also part of the reactor
coolant pressure boundary (RCPB) are designated AP600 Class A components. For the
portions of the PXS that are not part of the RCPB, RG 1.26, “Quality Group Classifications and
Standards for Water-, Steam-, and Radioactive-Waste-Containing Components of Nuclear
Power Plants,” recommends that the ECCS systems be classified as quality Group B.

Table 3.2-3 of the SSAR lists many PXS components as AP600 Class C components. These
Class C components include the following: '

. the accumulators and injection line piping system up to the check valves
. the IRWST injection and containment recirculation piping up to the injection line check
valves

. ADS stage 1, 2, and 3 discharge spargers
. pH adjustment baskets

However, as discussed in Section 3.2.2 of this report, the staff determined that AP600 Class C
categorization for these portions of the PXS is acceptable. This finding is based on its
evaluation of the design bases provided by Westinghouse, as well as the commitment stated in
Section 3.2.2.5 of the SSAR under the heading “Safety Classification of Passive Core Cooling
System,” that states that, for systems that provide ECC functions, full radiography in accordance
with the requirements of ASME code, Section I, ND-5222, will be conducted on the piping butt
welds during construction.

6.3.2.8.6 Valves

Manual valves are generally used as maintenance isolation valves. When used for this function
they are under administrative control. They are located so that no single valve can isolate
redundant PXS equipment, or they are provided with position indication and alarms in the MCR
to indicate mispositioning.

Table 6.3-3 of the SSAR provides a list of the remotely actuated valves in the PXS subsystems,
as well as their normal positions, actuated positions, and failed positions. These valves have
their controls and valve position indication in the control room. Remotely operated isolation
valves, such as the isolation valves on the PRHR inlet line, the CMT cold-leg balance lines, and
the accumulator and IRWST discharge lines, and the ADS fourth-stage MOVs, which are
normally open and remain open during PXS operation, are required by the AP600 TS to be
verified fully open every 12 hours during normal plant operation. These isolation valves also
have interlock features to ensure they are open for the PXS operation. The interlock features
are discussed in Section 7.6.2, “Availability of Engineered Safety Features,” of the SSAR, and
the staff evaluation is discussed in Section 7.6, “Interlock Systems Important to Safety,” of this
report. These isolation valves do not receive safeguards actuation signals. They are normally
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manually controlled, but are also controlled by actuation control circuits, which have a function to
direct the valve to open upon receipt of a “confirmatory open” signal in case the valves are
closed. The use of “confirmatory open” signals to open these isolation valves, which are
provided by the safeguards signals to actuate the respective PXS subsystem, provides a
means to automatically override bypass features that are provided to allow these isolation valves
to be closed for short periods of time. The accumulator and IRWST injection isolation valves
have interlocks, and have their control power locked out during normal plant operation in
accordance with BTP ICSB-18 to prevent their inadvertent operation.

The check valves in the IRWST injection line, the containment recirculation lines, the
accumulator discharge lines, and the CMT injection lines have nonintrusive position indications,
and have alarms in the MCR to alert the operators to valve mispositioning.

Explosively opening squib valves are used to isolate the IRWST injection line, the containment
recirculation lines, and the ADS stage-4 valves. These squib valves are used to provide zero
leakage during normal operation, and to provide reliable opening during an accident. After they
are open, they are not required to reclose. These valves are arranged in series with another
valve. A valve open position sensor is provided for these valves.

6.3.2.8.7 Instrumentation

The AP600 PXS design is provided with instrumentation for monitoring PXS components during
normal plant operation and post-accident operation with indications and alarms in the MCR. The
PRHR HX has pressure and inlet temperature indications to detect reactor coolant leakage into
the PRHR HX. The PRHR HX also has two flow channels to monitor and control PRHR HX
operation. Each accumulator has two pressure and two level channels to confirm that the
pressure and level are within the bounds of the safety analysis assumptions. The IRWST has
four temperature and four level channels to monitor the temperature and level. Each CMT has
temperature indications in the inlet and outlet lines to determine if there is sufficient thermal
gradient for system operation, and to detect RCS leakage into the CMT through the DVI line,
respectively. Each CMT also has a level instrument, as discussed below, to be used for control
of ADS actuation. Each DVI line has temperature indication to detect RCS leakage through the
DVI line to the CMT, accumulator, or the IRWST. The containment has three level channels and
four radiation channels. The instrumentation and controls are discussed in Chapter 7 of the
SSAR, and the staff’s review is discussed in Chapter 7 of this report. .

Section 6.3.7.4.1 of the SSAR provides a design description of the CMT level instrumentation
using differential pressure instruments. The arrangement of the CMT differential pressure level
instrument is shown in Figure 6.3-1 of the SSAR. Each CMT has ten level channels. Two
wide-range level channels, which are not qualified for post-accident monitoring, are used to
confirm that the CMT is maintained at full water level during normal operation. Two sets of four
narrow-range level channels, which are qualified for post-accident monitoring, are used for
actuation of the ADS stage 1 and stage 4 valves. As discussed in Section 7.3 of this report, the
staff found the CMT level instrumentation to be acceptable.

6.3.2.8.8 Protection Provisions

The PXS design incorporates specific design features that preclude water hammer and
excessive dynamic loads, as required by GDC 4. These design features include the instaliation
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of the ADS spargers in the IRWST, the CMT inlet diffuser, sloping lines, and maintaining
pressure in standby components. Various sections in the SSAR describe measures taken to
protect the system from damage that might result from various events. Section 3.6 of the SSAR
discusses protection against dynamic effects associated with piping rupture. The load
combinations, stress limits, and analytical methods for structural evaluation of the PXS for
various plant conditions are discussed in SSAR Section 3.9.3, and the requirements for dynamic
testing and analysis are discussed in Section 3.9.2. Seismic design is discussed in

Sections 3.7, 3.8 and 3.10 of the SSAR. Environmental qualification of equipment is discussed
in Section 3.11 of the SSAR. Protection against missiles and from fire are discussed in
Sections 3.5 and 9.5.1 of the SSAR, respectively. The staff's evaluations of these SSAR
sections are discussed in the corresponding sections of this report. '

6.3.3 Performance Evaluation

The PXS is designed to mitigate design-basis events that involve a decrease in RCS inventory,
an increase or decrease in heat removal by the secondary system, or events that can occur
during shutdown operation.

6.3.3.1 Shutdown Events

During plant shutdown conditions, some of the PXS equipment is isolated to allow for
maintenance of the system, and the RNS may not be available because it is not a safety-related
system. As a result, gravity injection is automatically actuated when required to provide core
cooling during shutdown conditions before refueling cavity floodup. In addition, the operator can
manually actuate other PXS equipment, such as the PRHR HX to provide core cooling during
shutdown conditions if the equipment does not automatically actuate. Events that occur during
shutdown conditions are characterized by slow plant responses and mild thermal-hydraulic
transients. Section 6.3.3.4 of the SSAR provides an evaluation of the PXS capability to mitigate
the following four shutdown events:

. loss of startup feedwater during hot standby, cooldowns, and heatups
. loss of NRHR cooling with the RCS pressure boundary intact

e loss of NRHR cooling during mid-loop operation

. loss of NRHR cooling during refueling

The issue of shutdown and low-power operation is evaluated separately in Section 19.3 of this
report.

6.3.3.2 Power Operation Events

For non-LOCA events initiated during power operation, the PRHR HX is actuated by the PMS to
remove core decay heat when any of the actuation conditions (e.g., SG low wide range level,
SG low narrow-range level coincident with startup feedwater low flow, or CMT actuation) is
reached. For LOCAs, the primary protection is by the CMTs and accumulators. When any of
the. PXS actuation conditions, (e.g., low pressurizer pressure or level, low steamline pressure,
high containment pressure, or low steam generator level coincident with high RCS hot-leg
temperature) is reached, the PMS will actuate the CMTs to deliver borated water to the RCS via
the DVI nozzles. As the CMTs drain down, the ADS valves are sequentially actuated to
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depressurize and establish RCS pressure conditions that allow injection from the accumulators,
and then from the IRWST and the containment recirculation sump. The accumulators deliver
flow to the DVI line whenever RCS pressure drops below the tank static pressure. The IRWST
provides gravity injection once the RCS pressure is reduced below the injection head from the
IRWST. The PXS flow rates vary depending upon the type of event and its characteristic
pressure transient. Therefore, an injection source is continuously available. In addition to
initiating PXS operation, the PXS actuation conditions also initiate other automatic-action
safeguards including reactor trip, RCS pump trip, feedwater isolation, and containment isolation.

Chapter 15 of the SSAR provides an evaluation of the design-basis events, and Section 6.3.3 of
the SSAR provides a summary of events that result in the actuation of the PXS to demonstrate
the PXS system functional performance capability. An inadvertent opening of a steam generator
relief or safety valve, and a steam system pipe failure are among the non-LOCA events that
result in an increase in heat removal by the secondary system. A loss of main feedwater and a
feedwater system pipe failure are among the events of a decrease in heat removal by the
secondary system. A single steam generator tube rupture (SGTR), LOCAs, and a complete
severance of a single PRHR HX tube are among the events that could result in a decrease in
RCS inventory. These events were analyzed in Sections 15.1, 15.2, and 15.6 of the SSAR,
respectively. A postulated double-ended rupture of one PRHR HX tube is not analyzed in
Section 15.6. The total area of a double-ended rupture of the PRHR HX is less than a 2.5 cm

(1 in) equivalent diameter break. Section 15.6.5.5 of the SSAR states that, with one tube
ruptured, the PRHR HX remains essentially unaffected in terms of its heat removal capability.
The PRHR tube rupture is non-limiting and is covered by the effect of postulating a hot-leg or
cold-leg break location considered in the break spectrum. The post-LOCA long-term cooling is
analyzed in Section 15.6.5.4C of the SSAR.

Chapter 15 of this report discusses the evaluation of the safety analyses of the design-basis
events. In general, the design basis analyses take credit of safety-related systems and
components for mitigation of events. Consideration is given to operation of non-safety-related
systems that could affect the event results. Section 15.1.2 of this report addresses the
non-safety-related systems assumed in the design basis analyses. A non-safety-related system
or component is assumed to be operational when (1) its operation has an adverse effect that
results in a more limiting transient; (2) a detectable and non-consequential random, independent
failure had to occur in order to disable the system; and (3) it is used as backup protection.
Though GDC 17 regarding the requirements of onsite and offsite power supplies does not apply
to the PXS, the effects of a loss of offsite power on the reactor coolant pump trip and the results
of transients and accidents are considered in the design-basis safety analysis. In addition, the
analyses of the postulated accidents assume the most reactive controf rod stuck out of the core.
The staff found the Chapter 15 design-basis analyses, and the assumptions of the operation of
non-safety-related systems and components as well as other single failure assumption, to be -
acceptable. The Chapter 15 analyses results demonstrate the appropriateness of the PXS
performance for mitigation of the design-basis events in compliance with GDC 27, 34, 35, and
10 CFR 50.46. , ' -

The computer programs used for the analyses of these design-basis events are, respectively,
LOFTRAN for the non-LOCA events, LOFTTR2 for the single SGTR event, NOTRUMP for
small-break LOCAs, and WCOBRA/TRAC for large-break LOCAs and long-term cooling. In the
DSER, the staff identified Open Item 6.3.3-2, stating that the applications of these codes to
AP600 design were still being verified and validated through various test programs and were still
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under staff review. The review of these codes, as well as the test programs, have been
completed as discussed in Chapter 21 of this report. Therefore, Open ltem 6.3.3-2 is closed.

6.3.4 Post-72 Hour Actions

The AP600 design relies on passive safety-related systems and equipment to automatically
establish and maintain safe-shutdown conditions for the plant following design-basis events,
assuming most limiting single failure. These passive safety systems are designed with sufficient
capability to maintain safe-shutdown conditions for 72 hours without operator actions and
without non-safety-related onsite or offsite power. For example, the PCS inventory was
originally designed for 72-hour capacity. After 72 hours, operator actions may be needed to
replenish the PCS inventory. Though the AP600 design includes active systems, such as the
RNS, that provide defense-in-depth functions, these active systems are not safety-related
systems, and cannot be relied upon to perform safety-related functions.

Section 1.9.5.4 of the SSAR describes the actions and safety functions required following an
extended loss of these non-safety-related systems. Westinghouse originally contended that the
APB600 design included safety-related connections for use with transportable equipment and
supplies to provide the extended support actions for these safety-related functions. These
support actions include, for example, using portable engine-driven pumps and ac generators
that connect to safety-related connections for water makeup to PCS inventory and electrical
power to supply the post-accident and spent fuel pit monitoring instrumentation and hydrogen
recombiners. In addition, these extended support actions are implemented as part of the COL
applicant's "Site Emergency Response Plan" to provide support for continued long-term
operation of the passive safety systems. These actions are accomplished by the site support
personnel, in coordination with the MCR operators, and are performed separate from, but in
parallel with, other actions taken by the plant operators to directly mitigate the consequences of
an event. Westinghouse did not provide information regarding reliability/availability requirements
for the portable equipment, or the site emergency procedures to ensure that the equipment
would be available in the event of an extended hurricane. Therefore, the staff identified the
post-72 hour support actions as DSER Open Item 6.3.4-1. The staff's review is complete as
discussed below. As a result of its review, the staff concludes that the post-72 hour action
support is acceptable, and therefore, DSER Open Item 6.3.4-1 is closed.

In Section 22.5.3 of this report, the staff discusses the resolution of the concern of post-72-hour
support actions. Westinghouse made design changes so that the site is capable of sustaining ’
all design-basis events with onsite equipment and supplies. The supporting equipment and a
7-day supply of consumables will be stored on site. Temporary connections are provided for
temporary equipment for the PCS water storage tank fill and the electrical supply to the
post-accident monitoring system. The onsite equipment provided for post-72 hours is classified
as non-seismic equipment Class D and is protected from credible natural events. The buildings
that contain this equipment are classified as AP600 Class D and seismic Category 2. Control of
equipment required for post-72 hours is local at the components. Redundancy is provided for
active components. The functions provided by this equipment will be tested during plant startup,
and are covered by Tier 1 descriptions and ITAAC. Availability controls and testing
commitments for the post-72 hour equipment have been incorporated in the administrative
control program, described in Section 16.3 of the SSAR, for risk-significant, non-safety-related
SSCs identified in the RTNSS evaluation process.
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In addition, the PCS design has been modified to provide cooling for 7 days with onsite water.
Design provisions have been added to refill this tank using onsite equment Containment
makeup is not required for more than 30 days.

Two independent 15 kW ancillary ac diesel generator units and fuel source are located together
in the annex building, which is protected from SSE and 233 km/hr (145 mph) winds, and is
located above site maximum flood level. The Class D equipment is designed with seismic
anchors to withstand an SSE.

For the PXS, the IRWST serves as the heat sink for the PRHR HX. During extended PRHR HX
operation, steam from the IRWST is condensed by the PCS and the condensate returns to the
IRWST via the safety-related gutter. This closed loop operation can continue indefinitely
provided that no leakage through the containment occurs. However, there is a potential need for
containment inventory makeup because of the containment leakage. The applicant has
calculated that, with the maximum allowable containment leak rate, makeup to the containment
is not needed for about one month. After that, a safety-related connection is available in the
RNS to align a temporary makeup source to containment. Therefore, the long-term cooling
capability of the PXS is assured and DSER Open ltem 6.3.4-1 is closed.

6.3.5 Limits on System Parameters

The plant TS establish PXS operability requirements for reactor operation. The limiting
conditions for operation and surveillance requirements of various PXS subsystems are specified
in TS 3.4.12 through 3.4.14, and 3.5.1 through 3.5.8. In addition, planned maintenance on the
PXS equipment is accomplished during refueling operations when the core temperatures and
decay heat levels are low, and the IRWST water is in the refueling cavity. The principal system
parameters, the number of components that may be out of operation during testing, and the
allowable time for operation in a degraded status are also provided in the TSs. The staff's
evaluation of the TSs is addressed in Chapter 16 of this report.

6.3.6 Conclusion

The staff reviewed Section 6.3 of the SSAR and other relevant material regarding the passive
core cooling system (PXS) design, including piping and instrumentation diagrams, failure modes
and effects analyses, and the design specifications for essential components. The staff
reviewed the AP600 design bases and design criteria for the PXS and the manner in which the
design conforms to these criteria and bases. The staff concludes that the AP600 PXS design
meets the guidelines of SRP 6.3 and the requirements of the following GDC:

. GDC 2 - The PXS is designed to meet the seismic Category 1 requirements and remain
functional following an SSE.

. GDC 4 - The PXS design incorporates features that preclude water hammer and
excessive dynamic loads.

. GDC 5 - The PXS is designed for a single nuclear power plant, and is not shared between
units.
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. GDC 17 — The PXS performs its functions without relying on onsite or offsite ac power.
The effects of loss of offsite power on the reactor coolant pump trip and the results of the
design-basis events are considered in the safety analyses to demonstrate meeting the
acceptance criteria.

. GDC 27, 34, and 35 — Safety analyses of the design-basis transients and accidents were
performed with the assumption of the most reactive control rod stuck out of the core, and
the results demonstrate that the PXS provides sufficient capability to remove residual heat
and provide abundant core cooling so that (1) the specified acceptable fuel design limits
and the design conditions of the RCS pressure boundary are not exceeded, and (2) the
acceptance criteria specified in 10 CFR 50.46 for LOCAs are met.

. GDC 36 and 37 — The PXS systems and components are designed to permit periodic
inspection and testing of the operability of the system throughout the life of the piant.

The AP600 design includes preoperational testing for the PXS as discussed in SSAR
Section 14.2.9.1.3, and an ITAAC program. Therefore, the staff finds the AP600 PXS design
acceptable.

6.4 Control Room Habitability Systems

The staff reviewed the control room habitability systems in accordance with the SRP

Section 6.4, “Control Room Habitability System.” Conformance with the acceptance criteria of
the SRP forms the basis for concluding that the control room habitability systems satisfy the
following requirements:

. GDC 4, “Environmental and Dynamic Effects Design Bases,” regarding accommodating
the effects of, and being compatible with, postulated accidents, including the effects of the
release of toxic gases

. GDC 5, “Sharing of Structures, Systems, and Components,” as related to shared systems
and components important to safety

. GDC 19, “Control Room,” regarding maintaining the control room in a safe, habitable
condition under accident conditions by providing adequate protection against radiation
and toxic gases. Throughout this evaluation, reference is made to GDC 19 as applied to
the AP600 design. The staff used a dose criterion of 0.05 Sv (5 rem) TEDE for evaluating
the control room radiological consequences resulting from DBAs, pursuant to GDC 19 of
Appendix A to 10 CFR Part 50. The justification for the use of this dose criterion and the
associated exemption from the regulation is provided in Section 15.3 of this report

. TMI requirement 10 CFR 50.34(f)(2)(xxviii), as it relates to evaluating potential pathways
for radioactivity and radiation that may lead to control room habitability problems

. TMI Action Plan Item 111.D.3.4 (NUREG-0737) requirements, as they relate to providing
protection against the effects of release of toxic substances, either on or off the site
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In the DSER, the staff stated that it was unable to complete its review until Westinghouse
provided additional information concerning the (1) incorporation of RAI responses into the
SSAR, (2) correction of RAI responses, (3) COL applicant responsibilities, (4) conformance with
RGs, (5) discrepancies in the SSAR, (6) TSs and testing surveillances, and (7) design
requirements for habitability. This was identified as DSER Open ltem 6.4-4. After the DSER
was issued, Westinghouse provided additional information about the MCR emergency
habitability system (VES) that has allowed the staff to complete its review as discussed below.
As a resulit of its review, the staff concludes that the MCR emergency habltabmty system is
acceptable and therefore, DSER Open ltem 6.4-4 is closed. :

In Section 3.1.1 of the SSAR, Westinghouse states that the AP600 design is a single-unit plant;
if more than one unit is built on the same site, none of the safety-related systems will be shared.
Thus, independence of all safety-related systems and their support systems wull be maintained
among the individual plants. The staff determined that the design described in the SSAR does
not share structures, systems, or components with other nuclear power units. Therefore, the air
conditioning, heating, cooling and ventilation systems meet the requirements of GDC 5.

During normal and postulated accident conditions, the habitability systems will provnde the
following:

. a controlled environment for personnel comfort and equipment operability

. radiation shielding against releases of airborne radioactive materials outsnde the control
building

. protection against releases of airborne radioactive materials and toxic gases surrounding

the control building
. protection against the effects of high-energy line ruptures in adjacent plant areas
. fire protection to ensure that the control room is manned continuously

In Section 15.6.5.3.5 of the SSAR, Westinghouse described the MCR dose mo‘delv for calculating
the radiation exposure of control room personnel for accident conditions.

The following systems provide the control room habitability functions for the plent:
. the nuclear ieland non-radioactive HVAC system (VBS) |
. MCR emergency habitability system (VES)

. radiation monitoring system (RMS)

. fire protection system (FPS)

. plant lighting system (ELS)

The use of noncombustible construction and heat and flame resistant materials th‘roughout the
plant to reduce the likelihood of fire and consequential impact on the MCR envelope (MCRE)
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atmosphere are evaluated in Section 9.5.1 of this report. Manual hose stations outside the
MCRE and portable fire extinguishers are provided to fight a MCR fire.

The RMS provides radiation monitoring and the ELS provides emergency lighting for the MCRE.
The VBS provides normal and abnormal HVAC services to the MCR, technical support center
(TSC), instrumentation and control rooms, dc equipment rooms, battery rooms, and the VBS
equipment room as long as an ac source of power is available. The VES is designed to provide
emergency ventilation and pressurization for the MCRE when a source of ac power is not
available to operate the VBS, or if radiation levels in the MCR supply air duct reach the high-high
level. Radiation shielding corresponding to the design-basis LOCA is discussed in Section 12.3
of this report. A description of design-basis LOCA source terms and an evaluation of control
room operator doses are discussed in Section 15.3 of this report. The VES is not required
during normal operating conditions and is automatically initiated following a “high-high”
particulate or iodine radioactivity signal in the MCR supply air duct, or if the VBS is inoperable
(i.e., loss of ac power signals). The VES, as part of the habitability systems, is addressed in this
section of this report. The VBS, FPS, ELS and RMS are addressed in Sections 9.4.1, 9.5.1,
9.5.3, and 11.5 of this report, respectively.

The control habitability systems are capable of maintaining the MCRE environment suitable for
control room operators for the duration of a postulated DBA to meet the requirements of

GDC 19, as discussed in this section and in Section 15.3 of this report. Conformance with the
requirements of Generic Issue B-66, “Control Room Infiltration Measurements,” and TMI Action
Item 111.D.3.4, “Control Room Habitability,” are discussed in Chapter 20 of this report.

As described in Section 9.4.1 of this report, the VBS includes redundant non-safety-related
supplemental air filtration units. During abnormal operation, when “high” gaseous radioactivity
is detected in the MCR supply air duct, and the VBS’ MCR/TSC HVAC subsystem is operable,
both supplemental air filtration units automatically start to pressurize the MCR/TSC areas to at
least 3.2 mm (0.125 in) water gauge using filtered makeup. Subsequently, one of the
supplemental filtration units is manually shutdown. The normal outside air makeup duct and the
MCR and TSC toilet exhaust duct isolation valves automatically close and the smoke/purge
isolation dampers close, if open. The subsystem air handling unit continues to provide cooling in
the recirculation mode to maintain the MCR/TSC areas within their design temperature. This
maintains the MCRE passive heat sink below its initial ambient air design temperature in the
event VES actuation is required. The supplemental filtration unit provides pressurization for the
combined volume of the MCR and TSC. A portion of the recirculated air from the MCR and TSC
is also filtered for cleanup of airborne radioactivity.

During abnormal operation, if ac power is unavailable for more than a short period, or *high-high”
particulate or iodine radioactivity is detected in the MCR supply air duct, which could lead to
exceeding GDC 19 dose limits, the plant safety monitoring system automatically isolates the
MCRE from the normal MCR/TSC HVAC subsystem by closing the supply, return, and toilet
exhaust isolation valves. The VES safety-related supply isolation valve in each train opens
automatically to protect the MCRE occupants from a potential radiation release.

The MCRE is shown in Figures 6.4-1, 1.2-8, and 12.3-1 of the SSAR. Areas adjacent to the

MCRE are shown in Figures 1.2-25 through 1.2-31 of the SSAR. SSAR Table 3.2-3 indicates
that the VES is located in the auxiliary building, which is a missile-protected seismic Category 1

6-105 NUREG-1512



Engineered Safety Features

building. The MCR pressure boundary is located on Elevation 117'-6" in the auxiliary building,
on the nuclear island. As shown in Figure 6.4-1, the MCRE encompasses the MCR area,
tagging room, operator area, shift supervisor’s office, clerk’s desk, kitchen, and toilet facilities.
The stairwell leading down to Elevation 100'-0" is not part of the MCRE.

|
The VES and interfacing VBS descriptions, design parameters, instrumentation (including
indications and alarms), and figures are provided in Sections 6.4, 9.4-1 and 15:6.5.3;
Tables 6.4-1 through 6.4-3 and 15.6.5-2; and Figures 1.2-8, 1.2-25 through 1.2-31, 6.4-1, 6.4-2,
and 9.4.1-1 of the SSAR, respectively. Details of the radiation monitors, including testing and
inspection, are provided in Sections 7.3 and 11.5 of the SSAR. The MCRE shielding design is
evaluated in.Chapter 12 of this report. The redundant, non-seismically qualiﬁe]d, and
non-Class 1E powered pressure instrumentations (PTO01A/B) located outside the MCRE as
shown in SSAR Figure 6.4-2 and Table 7.5-1, are provided to monitor the comrfnon header
pressure for the VES storage tanks. The primary post-accident indications of VES operability
are provided through the seismically qualified and non-Class 1E powered differential pressure
indicators and the air flow rate instrumentations.

The VES is a self-contained system with no interaction with other zones. As discussed in
Section 9.4.1 of this report, normal VBS operation establishes the following conditions to ensure
proper VES operation:

. The MCR/TSC HVAC subsystem maintains the MCRE and TSC between 19.4 and
23.9 °C (67 to 75 °F) and between 25 percent and 60 percent relative humidity (RH). The
VBS maintains the VES passive cooling heat sink below its initial design ambient air
temperature limit of 23.9 °C (75 °F). ‘

. The Class 1E electrical room HVAC subsystem maintains the Class 1E dc equipment
rooms between 19.4 and 23.9 °C (67 to 75 °F); the Class 1E electrical penetration rooms,
Class 1E battery rooms, Class 1E instrumentation and control rooms, remote shutdown
area, reactor cooling pump trip switchgear rooms, and adjacent corridors between 19.4
and 22.8 °C (67 to 73 °F); and the HVAC equipment rooms between 10 and 29.4 °C (50
to 85 °F). The VBS maintains the Class 1E electrical room emergency passive cooling
heat sink below its initial design ambient air temperature limit of 23.9 °C (75 °F).

When the VBS is not available during the 72 hours following the onset of a postulated DBA, the
function of providing passive heat sinks to limit the temperature rise in the MCR envelope,
instrumentation and control rooms, and dc equipment rooms is accomplished by the VES. The
heat generated by the equipment, light, and occupants is absorbed by heat sinks that consist
primarily of the thermal mass of the concrete that makes up the ceilings and walls of these
rooms. As described in SSAR Section 6.4.2.2, a metal form is attached to the surface of the
concrete, at selected locations, to enhance the heat absorbing capacity of the ceilings. Metallic
plates are attached perpendicularly to the ceiling metal form. These plates extend into the room
and act as thermal fins to enhance the heat transfer from the room air to the concrete. The
temperature in the instrumentation and control rooms following a loss of VBS is {limited to

51.7 °C (125 °F) and the temperature in the dc equipment rooms is limited to 48.9 °C (120 °F).

The VES has two safety-related full-capacity trains to provide emergency air pressurization of

the MCRE under emergency conditions. The VES is not required to operate during normal
operating conditions. The VES compressed air supply contains a set of storage tanks
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connected to a main and an alternate air delivery line. Components common to both lines
include a manual isolation valve, a pressure regulation valve, and a flow-metering orifice. The
system has sufficient redundancy to ensure operation under emergency conditions, assuming
the single failure of any one component. Single active failure protection is provided by the use
of redundant remotely operated isolation valves in the main air delivery line, which are located
within the MCR pressure boundary. The Class.1E VES components are connected to
independent Class 1E power supplies. Both the VES and the portions of the VBS that isolates
the MCRE are designed to remain functional during an SSE or design-basis tornado. In the
event of insufficient or excessive flow in the main delivery line, the main delivery line is isolated
and the alternate delivery line is manually actuated by opening a manual valve that is located
within the MCR pressure boundary. The alternate delivery line contains the same components
as the main delivery line with the exception of the remotely operated isolation valves, and thus is
capable of supplying compressed air to the MCRE at the required flow rate.

The 32 emergency air storage tanks are constructed of forged, seamless pipe, with no welds,
and conform to Section VIl and Appendix 22 of the ASME code.  The design pressure of the air
storage tanks is 27,600 kPa (4000 psi). SSAR Table 3.2-3 provides data for the VES pressure
regulating valves, flow metering orifices, remotely operated isolation valves, manual isolation
valves, pressure relief isolation valves, and pressure relief dampers. The main air flowpath
contains a normally open, manually operated valve to isolate and preserve the air storage tanks’
contents in the event of a pressure regulating valve malfunction. The alternate air flowpath
contains a normally closed, manually operated valve to manually activate the alternate delivery
flowpath in the event the main delivery flowpath is inoperable. The VES piping and penetrations
for the MCR envelope are designated as safety Class C. The piping material is alloy steel
(SA335P11, ASME Section lll, Class 3, Quality Group C), except the piping from the tanks to the
sub-headers is stainless steel, as shown in Figure 6.4-2 of the SSAR, and is corrosion resistant.
Air quality testing is performed quarterly to ensure its acceptability for breathing purposes. A
“pigtail” loop at the discharge side of each emergency air storage tank is provided to allow more
flexibility in the connection to account for contraction and expansion in the piping. As stated in
SSAR Section 6.4.2.3, the emergency air storage tanks collectively contain a minimum storage
capacity of 8895 m? (314,132 standard cubic feet) at a minimum pressure of 23,400 kPa

(3400 psig). Each pressure regulating valve, located downstream of the common header,
controls downstream pressure to approximately 786 kPa (100 psig) via a self-contained
pressure control operator. Each flow-metering orifice provides the required flowrate to the
MCRE with an upstream pressure of approximately at 786 kPa (100 psig).

Each pressure relief (butterfly) isolation valve is normally closed to prevent interference with the
operation of the VBS, and provides a leak-tight seal to protect the MCR pressure boundary.
Each pressure relief damper, located downstream of the butterfly isolation valve, is set to open
on a differential pressure of 3.2 mm (0.125 in) water gauge with respect to its surroundings.

Two sets of doors, with a vestibule between that acts as an airlock, are provided at the access to
the MCRE. The emergency exit door (to the stairs to Elevation 100'-0") is normally closed, and
remains closed under DBA conditions. The penetrations for the piping, ducts, conduits, and
electrical cable trays through the MCRE are sealed with a seal assembly compatible with the
materials of penetration commodities. The penetration sealing materials are selected to meet
barrier désign requirements and are designed to withstand specific area environment design
requirements and remain functional and undamaged during and following an SSE. The
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electrical cables are routed through internally sealed conduit. Portable self-contained breathing
equipment with air bottles to provide six hours of breathable air, along with a supply of protective
clothing and respirators for up to eleven MCR occupants are stored inside the MCRE.

The MCRE is designed for low-leakage construction with no-block walls. The cast-in-place
reinforced concrete walls and slabs are constructed to minimize leakage through construction
joints and penetrations. The description of construction techniques and low Ieakage features to
qualify the MCRE as a low-leakage boundary is provided in SSAR Sections 3. 8.4.6.1

and 6.4.2.4. Penetration sealing materials are designed to withstand at least 6.4 mm (0.25 in)
water gauge pressure differential in an air pressure barrier. Penetration sealing material is
gypsum cement or equivalent. The non-safety-related VBS air filter housings are designed,
tested, and constructed in accordance with RG 1.140, “Design, Testing, and Maintenance
Criteria for Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants,” and ASME N509 and N510 standards. RG 1.140
and ASME N509 do not allow the use of silicone sealant or any other patching material on filters,
housing, mounting frames or ducts. The non-safety-related VBS ducting is the only HVAC
system ducting passing through the MCRE. It is constructed and installed in accordance with
Sheet Metal and Air-Conditioning National Association (SMACNA) standards, and duct joints are
sealed with qualified non-silicone sealant. SSAR Section 6.4.2.4 states specifically that no
silicone sealant or any other patching material is used on VBS filters, housing, mounting frame,
ducts, or penetrations and VES piping, valves, dampers, or penetrations forming the MCR
pressure boundary.

Westinghouse evaluated the effects of three spent fuel pool boiling scenarios on the MCRE.
These scenarios consisted of station blackout (SBO) immediately following a full core off-load,
SBO concurrent with a LOCA immediately following a normal refueling, and SBO concurrent with
a LOCA 12 months following a normal refueling. The evaluation results showed that the
temperature for the personnel access route and the safety-related valve areas remained below
43 °C (110 °F) (initial temperature is 40 °C (104 °F)) for at least 72 hours after the event and,
therefore, the accessibility and equipment qualification are not challenged. SSAR

Section 6.4.2 .4 states that there will be no adverse environmental effects to the MCR sealant
materiais resulting from postulated spent pool boiling events.

The Westinghouse leakage rate analysis originally assumed a MCRE occupancy of five

persons. Westinghouse stated that the five-persons occupancy was based on a preliminary
post-accident task analysis evaluation that would be finalized with the validation process task
analysis in Chapter 18 of the SSAR. However, the staff's concern was not whether a five-person
crew was adequate to perform the post-accident tasks, but rather, if it was reasonable to expect
that occupancy in the MCRE can be limited to five persons throughout the 72-hour period
following an accident. This was identified.as DSER Open ltem 6.4-2. i

After the DSER was issued, Westinghouse revised SSAR Section 6.4.3.2 to add new criteria for
meeting MCRE air contaminants including carbon dioxide requirements. They also evaluated
both equipment and human performance against the effects of the highest humidity in the
MCRE. Westinghouse performed an evaluation using the Gothic code and MCRE moisture
balance with respect to time for a maximum of 11 MCR occupants, during the first 72 hours of an
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accident. With initial conditions of 24 °C (75 °F) and 60 percent relative humldlty (RH), the
thermal analysis resulted in the following:

. 31 °C (87 °F) and 41% RH at 3 hours, when the non-Class 1E battery heat loads are
exhausted

. 29 °C (84 °F) and 45% RH at 24 hours, when the battery heat loads are terminated
. 30 °C (86 °F) and 39% RH at 72 hours

The staff finds that the above results are within the guidelines of MIL-HDBK-759C, 31 July 1995,
“‘Human Engineering Design Guidelines” and MIL-STD-1472E, 31 October 1996, “Human
Engineering.”

SSAR Section 6.4.4 states that the VES nominally provides 0.030 m?®/sec (65 cfm) of ventilation
air to the MCRE from the air storage tanks through the main or alternate air delivery line.
Westinghouse also states in the above SSAR section that the VES flow of 0.028 m3/sec

(60 scfm) is sufficient to pressurize the MCRE to at least (positive) 3.2 mm (0.125 in) water
gauge differential pressure (with respect to the surroundings) and to maintain carbon dioxide
concentration below 0.5 percent by volume for a maximum occupancy of eleven persons inside
the MCRE. This will maintain air quality within the guidelines of Table 1 and Appendix C,

Table C-1, of ASHRAE Standard 62-1989, "Ventilation for Acceptable Indoor Air Quality,"”
Appendix C. Westinghouse's latest leak-rate analysis assumes a MCRE occupancy limited to
eleven persons throughout the 72-hour period foliowing an accident and is predicated on the
revised validation process task analysis in Chapter 18 of the SSAR. The staff finds this to be
acceptable, and therefore, DSER Open ltem 6.4-2 is closed.

The safety-related compressed air storage tanks are sized to provide the required air flow to the
MCRE for 72 hours. During a non-radiological emergency, the emergency air storage tanks can
be refilled via a connection to the breathable quality air compressor in the compressed and
instrument air system (CAS). These tanks can also be refilied from portable supplies by an
installed connection in the CAS.

Westinghouse stated that chemicals listed in SSAR Table 6.4-1, “Onsite Chemicals,” were
evaluated using the methodology in NUREG-0570, “Toxic Vapor Concentrations in the Control
Room Following A Postulated Accidental Release,” and concluded that these chemicals do not
represent a toxic hazard to control room operators. Also, SSAR Section 6.4.4 states that
analysis of onsite chemicals, as described in SSAR Table 6.4-1, and their locations, as shown in
SSAR Figure 1.2-2, are in accordance with RG 1.78, “Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release,” and shows that these sources do not represent a toxic hazard to MCRE personnel.
The staff performed an independent evaluation using the NRC approved HABIT computer code
and the volatility and toxicity limits for these onsite chemicals. On the basis of the data
Westinghouse furnished regarding quantity, sizes and locations, the staff concludes that these
onsite chemicals meet the guidelines of RG 1.78.

In accordance with TMI Action Plan ltem 111.D.3.4, COL applicants referencing the AP600 design
must demonstrate that control room operators are adequately protected against the effects of
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the release of toxic substances either onsite or offsite, and that the plant can be safely operated
or shut down under conditions created by any DBA. The COL applicant must also determine the
amounts and locations of any possible sources of toxic substances near the plant using the
methods in RG 1.78 and RG 1.95, “Protection of Nuclear Power Plant Control Room Operators
Against an Accidental Chiorine Release.” The COL applicant must provide toxic gas detectors
where necessary to permit automatic isolation of the control room. This is COL Action

item 6.4-1. In the text of SSAR Section 6.4.7, Westinghouse states that COL applicants
referencing the AP600 design are responsible for the amount and location of possible sources of
toxic chemicals in or near the plant and for seismic Category 1, Class 1E toxic gas monitoring,
as required. Additionally, it further states that RGs 1.78 and 1.95 address control room
protection for toxic chemicals, and for evaluating offsite releases (including the potential for toxic
releases beyond 72 hours in accordance with the guidelines of RGs 1.78 and 1.95) in order to
meet the requirements of the TMI Action Plan ltem 111.D.3.4 and GDC 19. '

As discussed previously, the non-safety-related VBS subsystem (MCR/TSC HVAC subsystem)
isolates the MCRE and/or TSC area from the normal outdoor air intake. It provides filtered
outdoor air to pressurize the MCRE and TSC areas to a positive pressure of at least 3.2 mm
(0.125 in) water gauge, with respect to the surrounding areas, when “high” gaseous radioactivity
is detected in the MCRE supply duct. The non-safety-related supplemental air filtration units
have a fission product removal efficiency of 90 percent for charcoal adsorbers and 99 percent
for high efficiency particulate air (HEPA) filters. In the DSER, the staff stated that in order to
provide any credit for fission product removal by HEPA filters and charcoal adsorbers in the
supplemental air filtration units in evaluating the control room radiological habitability, the system
would be reviewed to the staff's position described in Section A of SECY-94-084, “Policy and
"Technical Issues Associated with the Regulatory Treatment of Non-Safety Systems in Passive
Plant Designs.” This was identified as DSER Open Item 6.4-1.

The staff reviewed the VBS in accordance with its status as a defense-in-depth (DID) system in
accordance with SECY-94-084. Portions of the VBS that provide the DID function of filtration of
MCR/TSC air during conditions of abnormal airborne radioactivity are designed, constructed,
and tested to conform with GSI B-36, RG 1.140, and ASME N509 and N510 standards.
Westinghouse describes the design and operation of the MCR and TSC HVAC subsystem
during abnormal plant operation with "high" gaseous radiation level detected in the MCR supply
air duct in SSAR Section 9.4.1.2.3.1. It states that the system is designed to maintain control
room operator doses within the dose acceptance criteria of GDC 19 as applied to the AP600
design. To verify the Westinghouse assertion, the staff performed independent radiological
consequence calculations for personnel in the MCR and TSC following a design-basis LOCA.
The staff finds that the system design is capable of controlling radioactivity following a
design-basis LOCA to meet the dose criteria specified in GDC 19 as applied to the AP600
design - assuming the control room atmospheric relative concentrations proposed by
Westinghouse. However, the system is not designed as a post-accident ESF atmospheric
cleanup system. The VBS has no safety-grade source of power; therefore, it was not credited in
evaluating conformance with GDC 19. The major assumptions used by the staff and the
resulting radiological consequence analyses are provided in Table 15.3-10 of this report. On the
basis of the above discussion, DSER Open Item 6.4-1 is closed.

The location of the single control room outside air intake serving the VBS conforms with the .

* guidance of Section 6.4 of the SRP and RG 1.95, because it is located more than 15.2 m (50 ft)
vertically below and more than 30.5 m (100 ft) laterally away from the plant discharge. The air
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intake is located in the auxiliary building at Elevation 153 ft-0 in. The VBS redundant radiation
monitors are located inside the MCRE. The radiation monitors and outside air isolation dampers
are shown in Figure 9.4.1-1 of the SSAR. The outside air is continuously monitored by
redundant smoke monitors at the outside air intake. As stated in SSAR Section 9.4.1.2.1.1, the
VBS supply,.return, and toilet exhaust ducts are the only HVAC penetrations in the MCRE; and
as stated in SSAR Section 6.4.4, no radioactive materials are stored or transported near the
MCRE.

The flue gas exhaust stacks of the onsite standby power diesel generators are located in excess
of 46 m (150 ft) away and the onsite standby power system fuel oil storage tanks are located

91 m (300 ft) from the fresh air intakes of the MCR to preclude the drawing of combustion fumes
or smoke from an oil fire into the MCR.

GDC 19, as applied to the AP600 design, requires that the control room be designed to provide
adequate radiation protection permitting personnel to access and occupy the control room under
accident conditions. Westinghouse proposed that this requirement be met by incorporating
sufficient shield walls and by the installation of the redundant non-safety-related supplemental
air filtration units (VBS) and a safety-related emergency bottled air pressurization system (VES).

In SSAR Table 15A-5, Westinghouse states that it uses the ARCON96 computer code described
in Revision 1 to NUREG/CR-6331, "Atmospheric Relative Concentrations in Building Wakes,"
and meteorological data from three sites (a coastal site, a valley site, and a site with rolling hills)
to establish the MCR x/Q values for the AP600 design.

Westinghouse submitted a radiological consequence analysis for personnel in the MCR during a
design-basis LOCA in SSAR Section 15.6.5. The staff reviewed the Westinghouse analysis and
finds that the radiological consequences calculated by Westinghouse meet the dose acceptance
criteria specified in GDC 19, except for use of the TEDE criterion. The justification for use of
TEDE is provided in Section 15.3 of this report.

To verify the Westinghouse assessments, the staff performed an independent radiological
consequence calculation for the VES under "high-high" radiation level as described in the AP600
SSAR Section 6.4. The staff used the following information in its analyses:

. the NUREG-1465, "Accident Source Terms for Light-Water Nuclear Power Plants,”
source term : '

. aerosol removal rates inside the containment, the control room x/Q values and in-leakage
rates provided by Westinghouse

. control room occupancy factors referenced in Section 6.4 of the SRP

The staff finds that the VES, under "high-high" radiation conditions as described in the AP600
SSAR Section 6.4, is capable of mitigating the dose in MCR following DBAs to meet the dose
criteria specified in GDC 19 as applied to the AP600 design. The major assumptions used by
the staff and the resulting radiological consequence analyses for the control room operators are
provided in Table 15.3-7 of this report.
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In the DSER, the staff stated that it will perform an independent radiological consequence
analysis to verify the Westinghouse conclusion in meeting GDC 19 after resolutlon of (1) source
term related issues in Chapter 15 of this report, and (2) control room x/Q values in Chapter 2 of
this report. This was identified as DSER Open Issue 6.4-3. All source term-related DSER open
issues are closed (see Section 15.3) and the staff accepted the control room x/Q values
proposed by Westinghouse. The staff completed its independent radiological consequence
analysis, and therefore, DSER Open Issue 6.4-3 is closed.

Westinghouse’s position on GSi 83, “Control Room Habitability,” concerning the potential impact
of operating and maintenance procedures on the performance of the VES and VBS, is that it is a
COL applicant's responsibility. Therefore, the COL applicants referencing the AP600 certified
design are responsible for verifying that the as-built design, procedures, and training are
consistent with the licensing basis documentation and are also responsible for the intent of

GSI 83. This is COL Action Item 6.4-2. Subsequently, in response to the above COL action
item, the text of SSAR Section 6.4.7 was revised to state that the COL applicants referencing the
APB00 certified design are responsible for verifying that the as-built design, procedures, and
training for control room habitability are consistent with the licensing basis documentation and
the intent of GSI 83.

The VES is tested and inspected at appropriate intervals in accordance with the surveillance and
frequency requirements specified in the TS. The leaktightness testing of the MCRE is
conducted in accordance with the frequency specified in the TS. Connections are provided for
sampling the air supplied from the CAS and for periodic sampling of the air stored in the
emergency air storage tanks. Air samples from the emergency air storage tanks are taken
quarterly (every 92 days) and analyzed to conform with the guidelines of Table 1, and

Appendix C, Table C-1 of ASHRAE Standard 62 in accordance with the TS.

SSAR Table 15.6.5-2 provides the MCRE volume and maximum unfiltered air in-leakage
(infiltration) rates as follows. The MCRE volume is 1010 m? (35,700 ft*). The maximum
unfiltered air in-leakage (infiltration) into the MCRE under accident conditions is
0.00117-0.00233 m3/sec (2.5-5.0 cfm) when the VES is operating. The maximum unfiltered air
in-leakage (infiltration) into the MCRE during a “high” gaseous radioactivity signal while the VBS
is operating is 0.066 m?*sec (140 cfm). The AP600 design includes a vestibule style entrance to
~ prevent contaminated air from entering the MCRE as a result of egress and ingress, and to
maintain the MCRE at 3.2 mm (0.125 in) water gauge positive pressure, with respect to
surrounding areas. In SSAR Section 6.4.5.4, Westinghouse states that the COL applicant will
test the MCRE in-leakage during VES operation every ten years in accordance with ASTM 741,
“Standard Test Method for Determining Air Leakages Rate by Tracer Dilution.”

SSAR Section 6.4.2.2 states that in the unlikely event that power to the VBS is not available for
more than 72 hours and the outside air is acceptable radiologically and chemically, MCR
habitability is maintained by operating one of the two MCR ancillary fans to supply outside air to
the MCR. Doors and ducts may be opened to provide a supply pathway and an exhaust
pathway for the ancillary fans. Likewise, outside air is supplied to Division B and C
instrumentation and control rooms to maintain the ambient temperature below the qualification
temperature of the equipment. It is expected that outside air will be acceptable within 72 hours
following a radiological and toxic gas release. The outside air pathway to the ancillary fans is
provided through the VBS air intake opening located on the roof, the mechanical room at floor
Elevation 135'-3", and the VBS supply duct. Warm air from the MCRE is vented to the annex

NUREG-1512 6-112



Engineered Safety Features

building through stairway S05, and into the remote shutdown room and the clean access

* corridor at Elevation 100'-0". As stated in SSAR Section 9.4.1.1.2, the post-72 hour design
basis of the VBS is (1) to maintain the MCR below a temperature approximately 2.5 °C (4.5 °F)
above the average outdoor air temperature and (2) to maintain Divisions B and C
instrumentation and control rooms below the qualification temperature of the instrumentation and
control equipment. The staff's evaluation of the post-72 hour power supply is discussed in
Section 8.3 of this report.

Preoperational testing is discussed in Chapter 14 of this report. It includes verification that a
minimum VES air flow rate of 0.0306 + 0.0023 m3/sec (60 + 5 scfm) will pressurize the MCRE to
3.2 mm (0.125 in) water gauge with respect to the surroundings spaces. The maximum
unfiltered air in-leakage (infiltration) rate of 0.00117-0.00233 m?/sec (2.5-5.0 cfm) during
accident conditions when the VES is in operation will be verified in accordance with ASTM 741,
“Standard Test Method for Determining Air Leakages Rate by Tracer Dilution.” The 72-hour
capacity of air storage tanks will be verified to be in excess of 8895.3 m?*sec (314,132 standard
cubic feet) at a minimum pressure of 23,440 kPa (3400 psig). Heat loads will be verified to be
below the values in SSAR Table 6.4-3. VBS MCRE isolation valves will be tested to verify the
leaktightness of the valves. Testing and inspection of the VBS safety-related radiation monitors
are discussed in Section 11.5 of this report. The air quality within the MCR/TSC environment is
confirmed to be within the guidelines of Table C-1 of ASHRAE Standard 62 by analyzing air
samples taken during pressurization testing. The staff finds the preoperational testing to be
acceptable because it will verify the ability of the MCRE to limit unfiltered in-leakage and
maintain acceptable air quality and a suitable environment for the operators.

The VES indications and alarms are listed in SSAR Table 6.4-2 and are located in the MCR.
Actuation and radiation monitoring instrumentation for the VBS and VES are discussed in
Sections 7.3 and 11.5 of this report.

Westinghouse evaluated the MCRE structure for protection against the environmental
requirements, including soil and water pressure on substructure, tornado pressure drop, thermal
stresses, and pipe and pipe rupture loads in Sections 3.3, 3.6, and 3.8 of the SSAR.
Westinghouse also stated that the flood protection measures for seismic Category 1 SSCs are
designed in accordance with RG 1.102 and RG 1.59. Additionally, Westinghouse states the
following in Sections 3.5 and 3.6 of the SSAR:

. Internally-generated missiles (outside the containment) from rotating and pressurized
components either are not considered credible or evaluated as described in
Section 3.5.1.1 of the SSAR.

«  Protection from high-energy lines near the control room is evaluated in Section 3.6.1.2 of
the SSAR.

Therefore, Westinghouse concludes that the habitability systems will be protected against
dynamic effects that may result from possible failures of such lines.

In Sections 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1 of this report, the staff documents its evaluation of the

protection against floods, internally- and externally-generated missiles, and high- and
moderate-energy pipe breaks. The staff concludes that the control room habitability systems
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I
satisfy GDC 4, “Environmental and Dynamic Effects Design Bases,” as it relates to protection of
the system against floods, internally-generated missiles, and piping failures.

As described above, the staff evaluated the VES for conformance with GDCs 4 5,and 19 as
referenced in Section 6.4 of the SRP. The staff finds the VES acceptable.

6.5 Enaqineered Safety Features

6.5.1 Engineered Safety Feature (ESF) Filter Systems

i
|
|

This section is not applicable to the AP600 design. !

|

6.5.2 Containment Spray as a Fission Product Cleanup System |
|

The AP600 design does not have a safety-related containment spray system. The AP60O relies

solely on enhanced natural processes for aerosol fission product removal. Credit is taken for

removal of airborne radioactivity by natural processes that do not depend on sprays

(e.g., sedimentation, diffusiophoresis, and thermophoresis). The design-basis removal of

airborne activity is evaluated in Section 15.3 of this report. The AP600 design does include a

non-safety-related containment spray which is used to enhance the natural removal

mechanisms in the unlikely event of a severe accident. Evaluation of the non-safety-related
containment spray system is in Section 19.2.3.3.9 of this report.

6.5.3 Fission Product Conirol Systems

The AP600 has no active system to control fission products in the containment following a
postulated accident. The only fission product control system is the primary containment.
Satisfactory removal of airborne activity (elemental iodine and particulates) from the containment
atmosphere by natural removal process (e.g., deposition and sedimentation) without the use of
containment spray is discussed in Appendix 15B of the SSAR. No active fission product control
systems are required in the AP600 design to meet the regulatory requirements. The fission
product control mechanisms and the limited containment leakage result in offsite doses that are
less than those specified in 10 CFR Part 50.34. In the DSER, the staff stated that it was still
reviewing the fission product control systems and structures, and that the results of its review
would be discussed in Sections 6.2.1 and 6.2.4, and Chapter 15 of the FSER ThIS was
identified as DSER Open ltem 6.5.3-1.

In the March 24, 1994, response to RAI 450.8, Westinghouse stated that the effectiveness of the
APB00 containment is enhanced relative to the design of current operating plants by the
following: ' .

. the significant reduction in number and size of the containment penetrations
- the simple, reliable PCCS

. the design features addressing potential containment challenges in severe accident
scenarios
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Westinghouse also states that the effectiveness of the AP600 containment is demonstrated by
the low probability of significant offsite releases as addressed in the AP600 PRA. The

" radiological consequences analysis in Section 15.6.5.3 of the SSAR provides the licensing
design-basis evaluation of the AP600 containment function. The source term used to define the
fission product release transient to the containment atmosphere is based on the new source
term developed by the staff for NUREG-1465. The AP600 analysis accounts for natural
processes for the removal of fission products from the containment atmosphere during the
event.

Sections 6.2.3, 6.5.1, 6.5.2, and 6.5.3 of the SRP provide the review guidance for the secondary
containment functional design for fission product leakage control, ESF atmosphere cleanup
systems, containment spray as a fission product cleanup system, and fission product control
systems and structures, respectively. The primary difference between the AP600 and other
Westinghouse designs is that the AP600 does not have a system specifically designed for
fission product control in the containment, whereas those of previous plants have systems
designed for the purpose of conforming with the SRP. Because the primary containment for the
APB00 is the most significant system for limiting release of radioactivity to the environment in the
event of a core-damage event and no other active systems have been identified in the SSAR to
control fission products in the containment, the staff's acceptance of the fission product control
systems and structures has been based on the conclusions of the reviews addressed in
Sections 6.2.1, 6.2.4, and 15.3 of this report. All of the open items in these sections are closed,
and therefore, DSER Open Item 6.5.3-1 is closed.

6.6 Inservice Inspection of Class 2 and 3 Components

10 CFR 50.55a requires, in part, that ASME Boiler and Pressure Vessel Code Class 2 and
Class 3 components be designed, and be provided with access, to enable the performance of
inservice examination of such components and meet the preservice examination requirements
set forth in Section Xl of the ASME Code. The NRC staff reviewed the designs of the AP600
Class 2 and Class 3 components to ensure that the relevant requirements of 10 CFR 50.55a
have been met as they relate to the preservice and inservice inspectability of these components.

GDC 36 requires that the ECCS be designed to permit periodic inspection of important com-
ponents to assure the integrity and capability of the system. The staff reviewed the design of the
AP600 ECCS to ensure that the requirements of GDC 36 have been met.

GDC 37 requires, in part, that the ECCS be designed to permit periodic pressure and functional
‘testing to assure the structural and leaktight integrity of its components. The staff reviewed the
design of the AP600 ECCS to ensure that the requirements of GDC 37 have been met.

GDC 39 requires that the containment heat removal system be designed to permit periodic -
inspection of important components to assure the integrity and capability of the system. The
staff reviewed the design of the AP600 containment heat removal system to ensure that the

requirements of GDC 39 have been met.

GDC 40 requires, in part, that the containment heat removal system be designed to permit
periodic pressure and functional testing to assure the structural and leaktight integrity of its
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components. The staff reviewed the design of the AP600 containment heat removal system to
ensure that the requirements of GDC 40 have been met. |

GDC 42 requires that the containment atmosphere cleanup systems be desigﬁed to permit
periodic inspection of important components to assure the integrity and capability of the
systems. The staff reviewed the design of the AP600 containment atmosphere cleanup system
to ensure that the requirements of GDC 42 have been met. {

GDC 43 requires, in part, that the containment atmosphere cleanup systems be designed to
permit periodic pressure and functional testing to assure the structural and Ieaktight integrity of
their components. The staff reviewed the design of the AP600 containment atmosphere cleanup
systems to ensure that the requirements of GDC 43 have been met. g

GDC 45 require that the cooling water system be designed to permit periodic inspection of
important components to assure the integrity and capability of the system. The staff reviewed
the design of the AP600 cooling water system to ensure that the requnrements?of GDC 45 have
been met. !

GDC 46 requires, in part, that the cooling system be designed to permit periodic pressure and
functional testing to assure the structural and leaktight integrity of its components. The staff re-
viewed the design of the AP600 cooling water system to ensure that the requirements of

GDC 46 have been met.

In essence, GDCs 36, 39, 42 and 45 require that the subject systems be designed to permit
appropriate periodic inspection of important component parts to assure system integrity and
capability whereas GDCs 37, 40, 43 and 46 require, in part, that the subject systems be
designed to permit appropriate periodic pressure testing to assure the structural and leaktight
integrity of their components. :

For the AP600 design, the applicability of the above GDCs was reviewed. Because of the
passive design concepts of the AP600 design, the above systems or portions of the above
systems that had been considered safety-related in existing light-water reactor designs and
evolutionary plants are not necessarily safety-related in the AP600 design. Consequently,
these systems or portions thereof are not classified as ASME Code Class 2 or 3 systems; rather,
they are classified as non-ASME Code systems. As non-ASME Class systems, they are not
subject to inservice inspection and periodic pressure and functional testing required by the
ASME Code. The staff, therefore, reviewed the applicability of the above GDCs as they relate to
the periodic inspection and testing of those portions of the ECCS, containment heat removal
system, containment atmosphere cleanup system, and cooling water system that exist in the
AP600 design.

On the basis of its review, the staff found that the emergency core cooling is performed by the
AP600 passive core cooling system as described in the SSAR Section 6.3.1. The staff's
evaluation of the use of the PCCS in lieu of an ECCS is in Section 6.3 of this report. This
system is safety-related and is classified as ASME Code Classes 1, 2 and 3. As such, this
system is subject to periodic inspection, pressure testing, and functional testing required by the
ASME Code. This system is designed to permit periodic inspection and testing of components.
Thus, the staff finds the passive core cooling system meets GDC 36 and 37.
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Containment heat removal is performed by the passive containment cooling system as
.described in SSAR Section 6.2.2. The passive containment cooling system utilizes the steel
containment shell to transfer heat from the interior through natural convection. Heat is removed
from the shell by a direct-flow natural convection design and a passive external cooling system.
The staff's evaluation of the passive containment cooling system is discussed in Section 6.2.2 of
this safety evaluation. This system is safety-related and is classified as ASME Code Class 2
and 3. As such, this system is subject to periodic inspection, pressure testing, and functional
testing required by the ASME Code. The system piping and components are designed to permit
access for periodic inspection and testing of equipment. Thus, the staff finds the passive
containment cooling system meets GDC 39 and 40.

The AP600 design does not utilize a containment atmosphere cleanup system as found in
existing light-water reactors. The AP600 does not have a containment spray system, and the
containment atmosphere cleanup system has no safety-related post-accident cleanup function.
Fission product control is provided through natural removal processes within containment and by
limiting containment leakage. The staff's evaluation of the containment atmosphere cleanup
system is provided in Section 15.3 of this report. Because the containment atmosphere cleanup
system has no safety function, most of the system is not covered by the ASME Boiler and
Pressure Vessel Code. The only exceptions are piping and valves that perform a containment
isolation function. These components are ASME Code Class 2. However, the containment
atmosphere cleanup system is designed and located so that it can be inspected periodically
only, as appropriate. The appropriate portions are designed to permit periodic pressure and
functional testing. In this manner, the staff fi nds that the containment atmosphere cleanup
system meets GDC 42 and 43

The AP600 design utilizes a component cooling water system to support the normal operation of
safety-related components. However, none of the safety-related components require cooling
water to perform their safety-related function. Safety-related cooldown and decay heat removal
functions are provided by the passive core cooling system and containment cooling system.

The staff's evaluation of the component cooling water system is discussed further in

Section 9.2.2 of this report. Because this system is not safety-related, the piping, valves,
pumps, and other system components are not classified as ASME Code Class except for those
portions that function as containment penetration and are classified as ASME Code Class 2. As
such, no periodic inspection, pressure, or functional testing requirements apply, except for those
portions classified as ASME Code Class 2. The staff finds that inspection and testing of the
cooling water system is not necessary because the functions of the cooling water system are
subsumed by the containment heat removal system Therefore, GDC 45 and 46 are not
applicable to the AP600 design.

The procedures for the preservice inspection (PSI) and inservice inspection (ISI) of the AP600
Class 2 and Class 3 components are described in Section 6.6 of the SSAR. The staff reviewed
this information in accordance with Section 6.6 of the SRP, with particular emphasis placed on
access for inspection and inspectability. In the course of its review, the staff transmitted RAls to
Westinghouse concerning these procedures, and received responses to these RAls from
Westinghouse. In addition, several discussions were held between staff and Westlnghouse to
help clarify and resolve outstanding issues.
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The specific areas reviewed included the following:

the systems, components and supports subject to examination ,
accessibility for inspection and examination |
examination categories and methods !
inspection intervals !
evaluation of examination results
system pressure tests
augmented IS to protect against postulated piping failures

. code exemptions

Examples of AP600 design systems that include ASME Code Class 2 and 3 components are the
RNS, steam generator system, and the passive core cooling system. All of these systems
transport fluids. Inservice testing of safety-related pumps and valves is evaluated separately in
Chapter 3 of this report. :

10 CFR 50.55a(g)(3)(ii) requires that Class 2 and Class 3 components be designed and
provided with access to-enable the performance of inservice examination of such components
and meet the preservice examination requirements set forth in Section Xl of the editions of the
ASME Code and Addenda applied to the construction of the particular component. The version
of the ASME Code adopted for design certification of the AP600 is specified to be the 1989 Edi-
tion together with the 1989 Addenda. The staff noted, in the DSER, that the references in

10 CFR 50.55a to Section XI of the ASME Code refer to Section Xl, Division 1, 1989 Edition but
did not include reference to the 1989 Addenda. This was identified as DSER Open Item 6.6-2.
Subseqguent to the issuance of the DSER, the staff determined that, for design certification, the
commitment to use the 1989 Addenda is acceptable. Westinghouse included the 1989 Addenda
to the ASME Code in the baseline design of the AP600. This is acceptable to the staff, and
therefore, DSER Open Item 6.6-2 is closed.

Compliance with the requirements of the regulations for PS| and ISI are based on the following
criteria:

. systems, components, and supports are designed so that meaningful PSIs and ISls can
be accomplished

. the COL applicant accomplishes the PSls and ISlIs required by the applicable ASME Code
of record

Thus, the Class 2 and Class 3 systems, components, and supports should be designed to be
accessible for inspection, such that meaningful inspections can be performed as required by the
regulations. For the PSI and ISI examinations for which alternatives to design certification code
requirements are sought, the proposed alternatives to these requirements must be identified and
NRC approval obtained under 10 CFR 50.55a(a)(3)(i) or (ii) before design certification. The staff
requested that Westinghouse state in the SSAR that all ASME Code-required IS| examinations
can be accomplished with meaningful results by an operational plant using the inspection
equipment and techniques used in the PSis for all Class 2 and Class 3 systems, components
and supports. Where alternatives to ASME Code-required PSls or ISIs are proposed, the staff
requested Westinghouse to identify the specific instances in the SSAR, and obtain NRC
approval of the proposed alternative approaches. This was identified as DSER Open ltem 6.6-3.
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In response to the staff's request, Westinghouse committed that there will be no proposed
alternatives to the inservice inspection requirements of Section Xl of the ASME Code. This is
acceptable to the staff and no revision of the SSAR is necessary to address this item. DSER
Open Item 6.6-3 is closed.

The PSI requirements should be established and known at the time each component is ordered,
and 10 CFR 50.55a(g) does not have provisions for relief requests at a later stage because of
impractical examination requirements. Notwithstanding, there are provisions in Section Xl of the
ASME Code for the use of certain shop and field examinations in lieu of the onsite preservice
examination. However, Section Xl indicates that all PSls should be conducted with equipment
and techniques equivalent to those that are expected to be used for the subsequent ISls.

The PSIs provide the baseline information for reference in subsequent I1Sis. For example, if the
ISI of a piping weld is expected to be performed using ultrasonic techniques, the PSI should also
be based on ultrasonic techniques. The staff requested that Westinghouse provide the means
of ensuring that the PSis will be conducted using equivalent equipment and techniques that
would be used for the ISIs. This was Open ltem 6.6-4. Revision 3 of the SSAR indicates (in
Section 6.6.9.1) that the COL applicant will prepare both a PS| and an ISI| program, and that the
PSI program will address the equipment and techniques to be used. This is acceptable to the
staff. Open Item 6.6-4 is closed.

Section 6.6.2 of the SSAR notes that the possibility exists that relief from Section XI
requirements will be requested because of future, unanticipated, changes to Section Xl of the
ASME Code. The granting of relief from ISI requirements would apply to the COL applicant only
for inspections conducted under later editions of the ASME Code and would not apply to the PSI
requirements of the ASME Code used for design certification. The staff requested that the
SSAR be revised to reflect this position. This was identified as DSER Open ltem 6.6-5.
Westinghouse subsequently revised the SSAR to indicate that relief from Section Xl require-
ments will not be needed for Class 2 and Class 3 components for design certification. This is
acceptable to the staff, and therefore, DSER Open ltem 6.6-5 is closed.

Westinghouse stated that provisions have been made in the design and layout of the ASME
Code Class 2 and 3 systems to allow access for the examination requirements contained in
Articles IWC-2000 and IWD-2000 of Section Xl of the ASME Code. In addition, the components
and welds requiring I1S| are designed to allow for the application of the required iSI methods.
That is, the designs include the following characteristics:

sufficient clearances for personnel and equipment
maximized examination surface distances
two-sided access

favorable materials

weld joint simplicity

elimination of geometrical interferences

proper weld surface preparation

The staff requested Westinghouse to revise the SSAR to describe the means of accomplishing
these objectives. This was identified as DSER Open Item 6.6-6. Revision 3 of the SSAR states
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that examination requirements and examination techniques will be defined by inservice
inspection personnel. In line with this, the PSI and ISI programs prepared by the COL applicant
will address the actual equipment and techniques to be used, as indicated in Section 6.6.9.1 in
the revised SSAR. This is acceptable to the staff, and therefore, DSER Open item 6.6-6 is
closed. i

A COL applicant must incorporate plans for non-destructive examination during the construction
- of systems, components, and supports to meet all the PSI and IS| requirements of the
construction code, or as otherwise provided in the code or regulations. The COL applicant is
responsible for completing the design and constructing safety-related and non-safety-related
systems, components and their supports. The design and construction should be such that the
Class 2 and Class 3 systems, components, and supports will not have their accessibility or
inspectability for PSI and ISI degraded by construction or other activities. The staff requested
Westinghouse to include this COL action item in the SSAR. This was identified as DSER Open
Item 6.6-10 and COL Action ltem 6.6-4. Westinghouse subsequently revised the SSAR by the
addition of Section 6.6.9.2, which identifies the COL applicant as being responsible for
addressing the controls needed to preserve accessibility and inspectability during construction or
other post-design certification activities. This is acceptable to the staff, and therefore, DSER
Open ltem 6.6-10 is closed.

The PSI and ISI plans for ASME Code Class 2 and Class 3 components should include the
development of the PSI and IS| programs for Class 2 and Class 3 systems, components, and
supports. These are the responsibility of the COL applicant. The staff requested Westinghouse
to include this COL action item in the SSAR. This was identified as DSER Open ltem 6.6-1 and
COL Action Item 6.6-1. In an associated item, it was noted that the COL applicant should
submit its PSI and ISI program plans for staff review and approval at the appropriate time. The
COL applicant should verify that its PSI and ISI programs will incorporate the requirements of
Appendices VII and VIII of ASME Section Xl, and of GL 89-08, “Erosion/Corrosion Induced Pipe
Wall Thinning.” The staff requested Westinghouse to include this COL Action Item in the SSAR.
This was identified as DSER Open Item 6.6-9 and COL Action Item 6.6-3. Westinghouse
subsequently revised the SSAR to include Section 6.6.9.1, in which the preparation of PS| and
ISI programs for Class 2 and Class 3 systems, components, and supports is assigned to the
COL applicant. The equipment and techniques to be used will be addressed in the PSI program
provided by the COL applicant. As discussed below, the guidelines of GL 89-08 will be
addressed separately by the COL applicant and are no longer considered by the staff as part of
the COL Action 6.6-3 on the PSI and ISI program (SSAR Section 6.6.9.1). The staff finds this
acceptable, and therefore, DSER Open Items 6.6-1 and 6.6-9 are closed.

ASME Class 1, Class 2 and Class 3 piping items made of carbon steel have experienced wall
thinning as a result of the single-phase or two-phase (water/steam) erosion/corrasion (E/C)
phenomenon as documented in GL 89-08. The most effective way of reducing or eliminating
this pipe wall thinning is through proper design. Revision 0 of the SSAR indicated that
measures had been taken to minimize the occurrence of this phenomenon in the AP600 but few
details were provided of how this had been accomplished. The staff requested Westinghouse to
discuss its design approaches to reduce the potential for erosion/corrosion in steel piping, apply
measures to ensure inspections will be possible and meaningful, and provide provisions for
repair or replacement in the SSAR. This was identified as DSER Open Item 6.6-8. Related to
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this, the COL applicant should be responsible for inspecting pipe wall thinning as a result of E/C
during the service life of the AP600 design. This was identified as DSER Open Item 6.6-7 and
COL Action Item 6.6-2.

Pipe wall thinning as a result of E/C is of prime concern in high-energy carbon steel systems,
such as the main feedwater and other steam conversion systems. Thus, in response,
Westinghouse addresses the general aspects of the AP600 E/C control program in Section 10 of
the SSAR. This section includes a statement that the COL applicant is responsible for
inspection for pipe wall thinning as a result of E/C during the service life of an AP600 plant. A
discussion of the staff's review of this program contained in Chapter 10 of this report. Therefore,
COL Action Item 6.6-2 has been subsumed by COL Action item 10.3-1.

In the context of the IS| of Class 2 and Class 3 components, the principal pressure-retaining
materials used in the fabrication of these components are the austenitic stainless steels and
SA-335, Grade P11, a low-alloy (chromium-molybdenum) steel. These materials are accepted
within the nuclear industry to have much increased resistance to E/C-induced damage
compared with the plain carbon steels. Inclusion of the guidelines of GL 89-08 in the ISI
program for these components is thus obviated. As a consequence, DSER Open Items 6.6-7
and 6.6-8 are closed in the context of ISI of Class 2 and Class 3 components. The generic E/C
concerns expressed in these items are embraced within those contained in DSER Open

item 10.3.1-5, the resolution of which is discussed in Chapter 10.

The staff concludes that the AP600 IS] program for Class 2 and Class 3 components is
acceptable and meets the inspection and pressure testing requirements of GDCs 36, 37, 39, 40,
43, 45, and 46, as well as the requirements of 10 CFR 50.55a of 10 CFR Part 50 with regard to
preservice and inservice inspectability of these components. This conclusion is made on the
basis of the following:

. The AP600 Class 2 and Class 3 pressure-retaining components are designed so that
access is provided in the installed condition for the visual, surface, and volumetric
examinations specified by Section Xl of the ASME Code.

. PSI and ISI of the Class 2 and Class 3 components will be performed in accordance with

the requirements of Section Xl of the ASME Code, including the Mandatory Appendices of
Section XI.
. The responsibility for preparing and implementing inspecﬁon and testing programs is

assigned to the COL applicant. These programs will provide details of the areas subject
to inspection, the method and extent of the inspections, and, in the case of the inservice
inspection, the frequency of the inspections.

. The examination categories and requirements are in accordance with the criteria specified
~ in Articles IWC-2000 and IWD-2000 of Section XI of the ASME Code. Evaluation of the
examination results are in compliance with Articles IWC-3000 and IWD-3000 of Section XI
of the ASME Code.
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!

. System pressure tests will be in compliance with Articles IWC-5000 and IWD 5000 of
- Section XI of the ASME Code. i

|

. The design of the AP800 includes augmented inservice inspection that prl'ovides for
100 percent volumetric examination of welds in the high-energy fluids plplng system
between containment isolation valves and in other critical areas. ]

1

. Appropriate measures have been taken in the design of Class 2 and Cla$s 3 components
to minimize the effects of E/C during plant operation.
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7 INSTRUMENTATION AND CONTROLS
7.1 Introduction

In Chapter 7 of the AP600 Standard Safety Analysis Report (SSAR), Westinghouse describes
the primary instrumentation and control (1&C) systems of the AP600 advanced reactor design
and discusses the commitments that pertain to it. The I&C systems provide protection against
unsafe reactor operation during steady-state and transient power operations. They also initiate
selected protective functions to mitigate the consequences of design-basis events and
accidents, and to safely shut down the plant by either automatic means or manual actions.

in Section 7.1 of the SSAR, Westinghouse describes the AP600 general 1&C system
architecture, with specific emphasis on the protection and safety monitoring system (PMS)
design and design process. Section 7.2 discusses the 1&C aspects of the reactor trip
(protection) function. Section 7.3 addresses the engineered safety feature actuations.
Section 7.4 discusses systems required for safe shutdown. Section 7.5 discusses
safety-related display instrumentation. Section 7.6 discusses interlocks important to safety.
Section 7.7 discusses control systems and the diverse actuation system.

7.1.1 Acceptance Criteria

The acceptance criteria used as the basis for the staff's review are set forth in the NRC's
Standard Review Plan (SRP) (NUREG-0800) and 10 CFR Part 52, "Early Site Permits:
Standard Design Certifications; and Combined Licenses for Nuclear Power Plants." The
primary sections of the SRP used for this review are Chapter 7, "Instrumentation and Controls,"
and Section 9.5.2, "Communications Systems." SECY-91-292 and SECY-92-053 provided
additional review guidance. In the staff requirements memoranda (SRM) dated June 26, 1990,
and February 15, 1991, the Commission issued guidance pertaining to SECY-90-016 and -
SECY-90-377, respectively. The Commission also issued guidance in SRMs dated

July 21, 1993, and June 30, 1994, pertaining to SECY-93-087, SECY-94-084, and
COMSECY-94-024.

Because Chapter 7 of the SRP does not address design certification or the newer digital
technology used in the AP600 [&C systems, the staff developed the necessary supplemental
acceptance criteria to cover the certification of those systems. The additional acceptance
criteria and conformance to the SRP are discussed in the applicable sections of this report. For
example, this report describes certain items that will be incorporated in the Tier 1 Material, such
as the design descriptions; inspections, tests, analyses and acceptance criteria (ITAAC); and
interface requirements for design certification. Chapter 7 of this report discusses only. those
Tier 1 areas that relate specifically to the 1&C systems' certified design process for I&C
systems, in addition to specific [&C design characteristics. References to previously reviewed
plant designs and topical reports are provided where applicable. To augment this discussion,
Chapter 14 of this report describes the general Tier 1 information development process, its
bases, and its acceptability.
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7.1.2 Basis and Method of Review ‘

The AP600 advanced reactor’s I&C system uses a microprocessor-based distributed digital
system to perform plant protection functions and safety monitoring, as well as glant control
functions. To ensure that the digital 1&C systems are implemented properly, the staff
considered existing regulatory requirements, guides, and standards in the SRP, and additional
standards applicable to digital systems. The use of digital computer technology in protection
and control systems raises a concern that the software and hardware for these computer
systems could be vulnerable to design and programming errors that could lead to
safety-significant common-mode failures. The primary factors for defense against
common-mode failures are quality and diversity in the digital 1&C system design. This is
discussed further throughout this report.

Unlike the current generation of light water reactors, the AP600 reactor uses passive safety
systems that rely on natural forces such as density differences, gravity, and stored energy to
provide water for core and containment cooling. The AP600 reactor’s active systems are not
classified as safety-related, and credit is not taken for these active systems in the licensing
design-basis accident analyses described in Chapter 15 of this report, unless their operation
makes the consequences of an accident more limiting. The non-safety-related active systems
in the AP600 reactor provide defense-in-depth functions and supplement the capability of the
safety-related passive systems. SECY-94-084 provides the staff position on the regulatory
treatment of non-safety-related systems (RTNSS) for passive advanced light-water reactors
(ALWRs), and the SRM dated June 30, 1994, provides the Commission's guidance in this area.
In-SECY-94-084, the staff discussed the need to establish graded safety classifications and
graded requirements for I&C systems on the basis of the safety importance of their functional
reliability/availability (R/A) missions. This matter is addressed further in Chapter 22 of this
report.

This report concentrates on identifying the following items:

. systems with significant design changes compared to previously reviewed and accepted
designs

. the appropriate level of detail necessary for design certification

. design issues for which more information is needed in order for the staff to make a

finding of acceptability

In addition to reviewing the SSAR and relevant topical reports, the staff also visited
Westinghouse's offices and reviewed documentation associated with the SSAR material. All
documentation relied on for the safety evaluation has been referenced in the SSAR.

7.1.3 General Findings

The AP600 advanced reactor’s 1&C systems are significantly different from I1&C systems in
operating reactor designs. The primary differences result from using digital,
microprocessor-based 1&C systems with multiplexed data links in place of the analog
electronics, relay logic, and hard-wired systems previously approved by the staff. However, the
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staff has previously reviewed advanced reactor designs using digital equipment similar to that
proposed for the AP600 advanced reactor.

7.1.3.1 Compliance with SRP Criteria

The acceptance criteria listed in Table 7-1 of the SRP identifies the Commission's regulations
and industry codes and standards applicable to 1&C system design. The SRP provides
additional review guidance and acceptance criteria that are not provided in the specified
requirements, standards, and other references. Table 7-1 of the SRP provides a
cross-reference to the SSAR sections that address the applicable standards and criteria. In
general, Westinghouse has committed to meet the SRP guidance with few exceptions. The few
exceptions that Westinghouse has requested are noted in Sections 1.9 and 3.1 of the SSAR
and the applicable sections of this report. The specific I&C standards to which Westinghouse
has committed are a significant consideration for the staff's safety findings. The most important
aspects of those criteria that are required to be certified by rulemaking will be included in the
Tier 1 Material. This information is discussed in Section 7.1.4 of this report.

Appendix A to 10 CFR Part 50, "General Design Criteria for Nuclear Power Plants," contains
the general design criteria (GDC) applicable to 1&C systems. Section 3.1 of the SSAR
generally discusses compliance with the requirements of the GDC, and references other SSAR
chapters for specifics.

Appendix 7-B of the SRP, "General Agenda, Station Site Visits,” provides a general agenda for
the station site visit related to the 1&C systems, and includes verification of layouts, separation
and isolation, test features, and potential for damage as a result of fire, flooding, or other
environmental effects. Because the design certification for the AP600 design under 10 CFR
Part 52 will be issued before a construction site is selected, this SRP review item cannot be
completed at this stage of the review. The inspection tasks identified (in Appendix 7-B of the
SRP) as necessary for design certification will be addressed through the ITAAC process and
commitments to pre-operational tests described in Chapter 14 of the SSAR. The review
described in Appendix 7-B of the SRP will be accomplished as part of the testing and
inspections done by the combined license (COL) applicants referencing the AP600 certified
design. :

7.1.3.2 Compliance with EPRI ALWR Utility Requirements Document

The Electric Power Research Institute (EPRI) prepared a document of technical requirements,
referred to as the ALWR Utility Requirements Document (URD). EPRI intended the utilities’
design requirements in this document to be applicable to the design of ALWR power plants,
including the AP600 advanced reactor. Volume Il of the document, "ALWR Passive Plant,"
applies specifically to the AP600 design. The EPRI URD requirements pertaining to the I&C
systems are primarily contained in Volume Ill, Chapter 10, "Man-Machine Interface Systems.”

Although compliance with the EPRI ALWR URD is not a regulatory requirement, the
Commission directed the staff to include a discussion of how the ALWR designs compare with
the EPRI ALWR URD in its SRM dated December 15, 1989. Accordingly, in Q100.1, the staff
requested that Westinghouse provide such a comparison. In its submittal dated '
December 15, 1992, Westinghouse provided the initial results of that comparison. However,
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the staff concluded in the draft safety evaluation report (DSER) that Westinghouse should
update the response to Q100.1. This was identified as DSER Open Item 7.1.3.2-1.

-In Revision 7 to the SSAR, Westinghouse stated that they are a principle participant in the
development of the EPRI-sponsored URD and continue to be involved with EPRI on changes to
that document. Therefore, the AP600 design remains consistent with the EPRI URD. In its
submittal of January 6, 1998, Westinghouse provided an update to the comparison of the URD
to the AP600 design. This issue is addressed in Section 1.1 of this report. Therefore DSER
Open Item 7.1.3.2-1 is closed.

7.1.3.3 Compliance with Industry Standards

In the DSER, the staff stated that the SSAR references Institute of Electrical and Electronics
Engineers (IEEE) Standards 279, 384, 603, and 796 for the design of the AP600 reactor’s I1&C
systems; there was no reference to digital microprocessor-related standards. That is, the
SSAR did not identify any standards regarding electromagnetic compatibility (EMC), multiplexer
architecture, communications protocols, and hardware/software design. The staff regards the
application of acceptable standards throughout the 1&C system design and production process
as an important element of the quality demonstration. The application for the design
certification must contain a level of information sufficient to enable the staff to make its safety
determination. The staff concluded that an explicit commitment to industry hardware- and
software-related standards is important to achieving high quality in the digital 1&C system
product. Therefore, the staff stated that Westinghouse should commit to and reference digital
microprocessor-related industry standards. This was identified as DSER Open Item 7.1.3.3-1.

By letter dated June 17, 1996, Westinghouse submitted Revision 1 to topical report
WCAP-13383, "AP600 Instrumentation and Control Hardware and Software Design,
Verification, and Validation Process Report," to describe the AP600 I&C system design
process. This WCAP is referenced in Section 7.1.2.15 of the SSAR. The report states that the
software development process is consistent with the following standards:

. ANSVI/IEEE ANS-7-4.3.2-1993, "IEEE Standard Criteria for Dlgltal Computers in Safety
Systems of Nuclear Power Generating Stations"

. IEC 880-1986, "Software for Computers in Safety Systems of Nuclear Power Stations”
. IEEE 828-1990, "IEEE Standard for Software Conﬂguration Management Pians"

. IEEE 829-1983, "IEEE Standard for Software Test Documentation”

. IEEE 830-1984, "IEEE Guide for Software ﬁequirements Speciﬁcations"’

. IEEE 1012-1986, "IEEE Standard for Software Verification and Validatibn Plans"

. IEEE 1028-1988, "IEEE Standard for Software Reviews and Audits” |

. IEEE 1042-1987, "IEEE Guide to Software Configuration Managementé'
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Westinghouse also provided a discussion of software development in the topical report. The
design verification and validation process stresses a "Design for Verification" approach
throughout the hardware design, software design, and system integration aspects of the
project. ‘

In 10 CFR 50.55a(h), the NRC requires protection systems to meet the requirements of
ANSI/IEEE 279, "Criteria for Protection Systems for Nuclear Power Generating Stations."

IEEE 603, "Criteria for Safety Systems for Nuclear Power Generating Stations,” has since
superseded ANSI/IEEE 279. The guidance in IEEE 603, as endorsed by Regulatory

Guide 1.153, "Criteria for Power, Instrumentation, and Control Portions of Safety Systems,"
incorporates the guidance of ANSI/IEEE 279. Both IEEE 279 and 603 were used by the staff in
its evaluation of the design, reliability, qualification and testability of the power, instrumentation,
and control portion of AP600 safety systems. IEEE 603 does not directly discuss digital
systems. It is supplemented by IEEE 7-4.3.2, which provides criteria for applying IEEE 603 to
computer systems.

The staff finds the list of standards to be consistent with the staff criteria for the state of the
practice for digital system design and is acceptable. Therefore, DSER Open item 7.1.3.3-1is
closed. '

7.1.3.4 Compliance with 10 CFR Part 52

Because the AP600 design has been submitted for design certification, the requirements of
10 CFR Part 52 apply in addition to those of 10 CFR Part 50. 10 CFR Part 52 requires a level
of design detail beyond a simple commitment to conformance with the existing requirements.
10 CFR 52.47(a)(2) requires the following:

“The application must contain a level of design information sufficient to enable
the Commission to judge the applicant's proposed means of assuring that
construction conforms to the design and to reach a final conclusion on all safety
questions associated with the design before the certification is granted. The
information submitted for a design certification must include performance
requirements and design information sufficiently detailed to permit the
preparation of acceptance and inspection requirements by the NRC, and
procurement specifications and construction and installation specifications by an
applicant. The Commission will require, prior to design certification, that
information normally contained in certain procurement specifications and
construction and installation specifications be completed and available for audit if
such information is necessary for the Commission to make its safety
determination.”

In 10 CFR 52.47(b)(2)(i), the NRC also states that certification will be granted only if the scope
of the design is complete except for site-specific elements. The following sections of this report
describe the information provided by Westinghouse and the staff's conclusions concerning
conformance with the SRP criteria, additional criteria necessary to address digital I1&C
technology, and the above requirements of 10 CFR Part 52.
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The AP600 digital I&C system described in the SSAR lacks substantial design detail.
Therefore, the staff's safety determination under 10 CFR Part 52 will rely on a éatisfactory
demonstration by Westinghouse that the digital I&C system design development process, as
documented in the SSAR, will ensure a quality product. The staff will then confirm the
effectiveness of Westinghouse's or the COL applicant’s implementation of this process through
audits of the ITAAC implementation at various phases of the design development.

7.1.4 Tier 1 Material

On September 4, 1992, Westinghouse submitted a small group of system desngn descriptions
and ITAAC as a pilot program in an effort to reach agreement on the general scope of the

Tier 1 design descriptions and ITAAC for all systems. The staff reviewed Tier 1 and ITAAC for
the protection and safety monitoring system as representative of the 1&C systems, and provided
comments in requests for additional information (Q420.8 and Q420.107).

In general, the Tier 1 descriptions and ITAAC that were proposed by Westinghbuse were not
sufficiently detailed or complete to permit a staff safety finding.  Therefore, the staff concluded
that both the SSAR and Tier 1 require revision for the staff to reach a safety conclusion. The
staff indicated that resolution of this issue should be addressed by providing a detailed
description of the digital I&C system design process that incorporates a phased approach to
design implementation, as verified through the ITAAC. The staff considers this design process
necessary for developing a digital 1&C system of sufficient quality to adequately perform its
design function. In addition, certain restrictions on changing key SSAR commitments (Tier 2*
information) will be incorporated in any design certification for the AP600 to ensure staff
agreement before making changes to important details of the design process. This approach is
discussed in COMSECY-94-024. Thus, the staff requested that Westinghouse provide a
detailed description of the digital system design process in the SSAR and Tier 1 Material with a
corresponding ITAAC. This was identified as DSER Open ltem 7.1.4-1.

As stated in draft SRP Section 14.3.5, the Tier 1 material should address the hardware and
software development process to be used in the design, testing, and installation of
safety-related 1&C equipment. The Tier 1 material should include a description of the design
process to be followed for hardware and software development; the design commitments; the
inspections, tests, and analysis to be performed to verify that the design is consistent with the
commitments; and the appropriate acceptance criteria against which the design and final
product will be judged. The ITAAC should describe attributes of the process to be used to
develop the software, as well as attributes of the final software product. The ITAAC for
software and hardware that prescribes the proposed design implementation stages should be
described in more detail. In Revision 3 of Tier 1, Section 2.5.1, “Diverse Actuation System,”
and Section 2.5.2, “Protection and Safety Monitoring System,” Westinghouse provided
additional detail regarding the design process. The Tier 1 material includes a description of the
lifecycle stages for which the process is applicable; a description of the elements of the process
as relating to software management, configuration management, and verification and validation;
a description of the elements of the process relating to dedication of commercial off-the-shelf
(COTS) hardware and software; and a description of the inspections, tests, and acceptance
criteria which will be used to show that the process was implemented. SSAR Section 7.1.2.15
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provides a reference to Revision 1 of WCAP-13383, which specifies a planned design process
for hardware and software development with the following lifecycle stages:

design requirements phase

system definition phase

hardware and software development phase
system test phase

installation phase

The Tier 1 material and SSAR contain information that describes the methods to develop plans
and procedures that will guide the design process throughout the lifecycle stages. The ITAAC
provides the acceptance criteria for verifying that the design is implemented through the stages
listed above, while the SSAR includes the set of guidelines and standards that provide more
detailed criteria for the development of the design. The Tier 1 material was written to
incorporate the most important and top-level requirements from the standards. The standards
and criteria in the SSAR encompass the guidance for generating the plans that will be used in
the computer software and hardware design process throughout the lifecycle. In SSAR
Section 7.1.2.15, “Verification and Validation,” Westinghouse provides detailed design
information and defines design processes for the AP600 I&C system design that follow the
lifecycle design process and are, therefore, acceptable for use in meeting the Tier 1
commitment. The staff considers that the design processes and acceptance criteria described
in SSAR Section 7.1.2.15 provides the basis for accepting I&C system design.

On the basis of the above, the staff concludes that the top-level design processes, features,
and performance characteristic of the I&C design description in the Tier 1 material are
acceptable. Therefore, DSER Open Item 7.1.4-1 is closed. See Section 14.3 of this report for
further discussion on the staff's evaluation of Tier 1. '

As a result of its review of Chapter 7 and the Tier 1 material, the NRC staff has determined that
the following information in the AP600 SSAR must be designated as Tier 2* information in the
AP600 design control document. Furthermore, any proposed change to Tier 2* information, by
a COL applicant or licensee, will require NRC approval prior to implementation.

SSAR Sections:

7 + Table 1.6-1 WCAP-13383, “AP600 Instrumentation and Control Hardware &
Software Design, Verification, & Validation Process Report,”
Revision 1

7 + Table 1.6-1 WCAP-14605, “Westinghouse Setpoint Methodology for
Protection Systems, AP600,” Revision 0

7.1.2.15 Verification & Validation

71418 Conformance with Industry Standards
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7.1.5 I&C System Architecture i

The I&C systems of the AP600 reactor comprise the following major systems:

. protection and safety monitoring system (PMS)
. plant control system (PLS)

. operation and control centers system (OCS)

. data display and processing system (DDS)

. incore instrumentation system (I1S)

. special monitoring system (SMS)

. diverse actuation system (DAS)

The PMS monitors the plant processes using a variety of sensors; performs calculations,
comparisons, and logic functions on the basis of those sensor inputs; and actuates a variety of
equipment. Most of the time, the PMS operates automatically without input from plant
personnel except for system startup, testing, calibration, and maintenance. The PMS is used to
operate safety-related systems and components, and includes the following equipment:

. integrated protection cabinets

engineered safety features actuation cabinets
protection logic cabinets

qualified data processing and 1/O cabinets
qualified displays

reactor trip switchgear

. sensors
. main control room and remote shutdown workstation multiplexers
. main control room and remote shutdown workstation transfer panels

The PLS controls and coordinates the plant during start-up, ascent to power, power operation,
and shutdown conditions; integrates the automatic and manual control of the reactor, reactor
coolant, and various reactor support processes for required normal and off-normal conditions;
controls the non-safety-related decay heat removal systems during shutdown; and permits the
operator to control plant components from the main control room or remote shutdown
workstation. The PLS includes the following equipment:

distributed controllers

.
. signal selectors

. rod control cabinets

. rod drive motor-generator sets

. pressurizer heater control interface
. rod position indication cabinets

. process bus multiplexers

. controls and indications

. process bus

. sensors

The OCS includes the main control room, technical support center, remote shutdown room,
emergency operations facility, local control stations, and associated workstations for each of
these centers.
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The DDS comprises the equipment used for processing data that results in non-Class 1E
alarms and displays for both normal and emergency plant operations.

The IIS provides the flux map of the reactor core and in-core thermocouple signals for
post-accident monitoring.

The SMS provides loose parts monitoring of the reactor coolant system.

The DAS provides a backup to the PMS for some specific diverse automatic actuation, and
provides diverse indications and diverse controls to assist in operator manual actions. The
DAS is a defense-in-depth system that is designed to provide essential protection functions in
the event of a postulated common-mode failure of the PMS.

7.1.6 Defense-in-Depth and Diversity Assessment of the AP600 Protection System

The first design that the staff reviewed specifically to address defense against potential
common-mode failures in digital systems was the Westinghouse RESAR-414 standardized
design. The results of the staff's review of RESAR-414 were published in NUREG-0493, "A
Defense-in-Depth and Diversity Assessment of the RESAR-414 Integrated Protection System,”
dated March 1979. NUREG-0493 discusses common-mode failures and different types of
diversity, and presents a method for assessing the defense-in-depth of the design.

The staff described concerns with common-mode failures and other digital system design
issues in SECY-91-292. SECY-91-292 describes how common-mode failures could defeat the
redundancy achieved by the hardware architectural structure, and could aiso result in the loss
of more than one echelon of defense-in-depth provided by the monitoring, control, reactor
protection, and engineered safety functions performed by the digital I&C systems. The two
principle factors for defense against common-mode/common-cause failures are quality and
diversity. Maintaining high quality will increase the reliability of both individual components and
complete systems. Diversity in assigned functions (for both equipment and human activities),
equipment, hardware, and software can reduce the probability of a common-mode failure.

The modules in the AP600 PMS are to be implemented by microprocessor-based designs with
identical or similar hardware and software used in all four divisions. Because of this similarity,
the concerns expressed in NUREG-0493 and SECY-91-292 apply directly to the PMS.

The following regulations and industry standards address the need for defense against potential
common-mode failures: '

. GDC 22, "Protection System Independence,” requires that "design techniques, such as
functional diversity or diversity in component design and principles of operation, shall be
used to the extent practical to prevent loss of the protection function.”

. 10 CFR 50.55a(h) (IEEE 279-1971) and IEEE 603-1980, require that "equipment, not

subject to failure caused by the same credible event, shall be provided to detect the
event..."
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. IEEE 379-1988 states that "certain common-cause failures shall be treated as single
failures when conducting the single failure analysis. Such failures can be in dissimilar
components and can have dissimilar failure modes."

Also, 10 CFR 50.62 addresses common-mode failure issues concerning mitiga{ion of
anticipated transients without scram (ATWS).

Common-cause failures not subject to single-failure analysis include those that can result from
external environmental effects, design deficiencies, and manufacturing errors. Design
qualification and quality assurance programs are intended to afford protection from external
environmental effects, design deficiencies, and manufacturing errors. Personnel training,
proper control room design, and operating and maintenance procedures are mtended to afford
protection from maintenance and operator errors.

NUREG-0493 discusses several different types of diversity, each of which offers certain
protection against common-mode failures. These forms of diversity include signal diversity and
equipment diversity. Signal diversity includes the use of different signals (sensors) to initiate an
action. For example, neutron flux and reactor pressure are diverse signals for initiation of
reactor scram. Equipment diversity includes using different kinds of equipment to perform a
function. An example of equipment diversity described in NUREG-0493 is the use of relay
versus solid-state logic in the 1&C system. It is difficuit to define how much improvement in
safety results from a given kind or degree of diversity. For microprocessor design, this is
especially difficult because there is no industry consensus on a method to quantlfy software
reliability and/or availability. ;

As stated above, the staff considers the two principle factors for defense against
common-mode failures to be quality and diversity. The quality in the design process aspects of
the AP600 1&C systems is addressed in Section 7.1.4 of this report. Quality is achieved, in
part, by the use of quality design standards for the hardware and software, and by the I&C
system testing to be performed.

In Enclosure 2 of SECY-91-292, the staff discussed regulatory issues that, when properly
addressed, are considered to help ensure defense against common-mode failures, as follows:

assessment of diversity
engineering activities

design implementation

safety classification of 1&C systems

The staff's position on I&C system diversity for ALWRSs stated in SECY-93-087, as approved by
the Commission in an SRM dated July 21, 1993, is as follows: '

(1)  The applicant shall assess the defense-in-depth and diversity of the probosed 1&C
system to demonstrate that vulnerabilities to common-mode failures have been
adequately addressed.

(2) In performing the assessment, the vendor or applicant shall analyze eaéh

postulated common-mode failure for each event that is evaluated in the accident
analysis section of the safety analysis report (SAR) using best-estimate methods.
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The vendor or applicant shall demonstrate adequate diversity within the design for
each of these events.

(3) If a postulated common-mode failure could disable a safety function, then a diverse
means, with a documented basis that the diverse means is unlikely to be subject to the
same common-mode failure, shall be required to perform either the same function or a
different function. The diverse or different function may be performed by a non-safety
system if the system is of sufficient quality to perform the necessary function under the
associated event conditions.

(4) A set of displays and controls located in the main control room shall be provided for
manual system-level actuation of critical safety functions and monitoring of parameters
that support the safety functions. The displays and controls shall be independent and
diverse from the safety computer system identified in Items 1 and 3 above.

In response to the staff's position on I&C system diversity for ALWRs, Westinghouse submitted
WCAP-13633, "AP600 Instrumentation and Control Defense-in-Depth and Diversity Report,"
which describes the diversity and defense-in-depth features of the AP600 instrumentation and
control architecture following the guidelines outlined in NUREG-0493. The report demonstrated
conformance with the guidance of NUREG-0493, which is consistent with the staff position set
forth above.

The analysis to protect against common-mode failure in the AP600 I1&C architecture was part of
the probabilistic risk assessment (PRA) for the AP600 design. In the AP600 PRA, failures of
the 1&C system architecture including common-cause failures were analyzed. The PMS
reliability analysis is described in PRA Chapter 26, "Protection and Safety Monitoring System,"
and the reliability analyses of the diverse, non-safety-related DAS is described in PRA

Chapter 27, "Diverse Actuation System."

In addition, Westinghouse submitted WCAP-13793, "AP600 System/Event Matrix," which
describes how the AP600 systems are used to protect the reactor during different events. For
each event, WCAP-13793 lists different safety and non-safety-related systems that provide
reactor shutdown, reactor coolant system (RCS) makeup, core decay heat removal, and
containment cooling. The Westinghouse topical report also includes the type of actuation and
electrical power requirements for each system. The purpose of the document is to demonstrate
that there are multiple levels of defense for each type of event. The DAS has been credited
with providing reactor protection functions in every event analyzed.

On the basis of its review, the staff found that Westinghouse has assessed the
defense-in-depth and diversity of the AP600 I&C system and demonstrated that vulnerabilities
to common-mode failures have been adequately addressed. Westinghouse has analyzed each
postulated common-mode failure for each event that is evaluated in the accident analysis
section of the SSAR, and has addressed the diversity requirements within the design for each
of these events. The DAS, as proposed, performs the same functions as the PMS when a
postulated common-mode failure disables the PMS protection functions. In addition, the DAS,
as proposed, has displays, independent and diverse from the PMS, that can support the
manual actions to be. performed in the event a postulated common-mode failure disables the
PMS. The diverse actuation system is designed to actuate components only in a manner that
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initiates the safety function. The DAS actuation devices are isolated from the PMS actuation
devices so as to avoid adverse interaction between the two systems. Therefore, the staff
concludes that the proposed design satisfies the Commission's position on I&C. system
diversity. The evaluation of the DAS is discussed further in Section 7.7.2 of this report.

7.1.7 Commercial-Grade ltem Dedication

In SSAR Section 7.7.1.11, Westinghouse states that the diversity of the DAS is achieved by the
use of architecture, hardware implementations, and software different from that in the PMS.
Software diversity is achieved by running different operating systems and programming in a
different language from that of the PMS. This indicates that the COL applicant'may procure
COTS software and hardware for implementation in the safety-related and non-safety -related
1&C systems.

The first aspect of the commercial dedication issue is the use of well-developed operating
systems in the development of a plant-specific digital system, such as the DAS. It is essential
that the DAS developer ensure that the operating system was developed under strict gwdehnes
and has the quality necessary for its intended functlon

The second aspect of the commercial dedication issue is the use of a complete component,
such as a programmable logic controller, for which most of the software was developed before
the decision to use it in a nuclear application. As with the operating systems, it is necessary for
the developer to verify that the equipment selected is of sufficiently high quality for use in a
safety system. Itis not necessary for the final developer to repeat the verification and validation
activities, but it is necessary for the developer to verify that the original equipment designer
followed equivalent criteria. Included in the commercial dedication issue is the qualification of
the automated tools and design support software. It is necessary for the I&C system developer
to verify that the tools function correctly. The staff expects the developer to verify the quality of
the tools used in the design.

In the DSER, the staff stated that the design, verification, and validation process for COTS
software and hardware should be clearly documented for design certification. Th|s was
identified as DSER Open Item 7.1.7-1.

By letter dated June 17, 1996, Westinghouse submitted Revision 1 to topical report
WCAP-13383 to address the AP600 reactor’s instrumentation and control hardware and
software design development process. This topical report also included a description of the
commercial-grade item dedication process. The staff reviewed this topical report and finds that
it presents an acceptable process for ensuring the quality in the application of COTS products
to safety-related functions. The use of commercial-grade hardware and software items in the
DAS will be accomplished through a process that specifies requirements for the following:

. review of supplier design control, configuration management, problem reporting, and
change control

. review of product performance

. receipt acceptance of the commercial-grade item
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. final acceptance on the basis of equipment quality and software and hardware verification
and validation in the integrated system

The staff, however, had the following comments:

. Previous operating experience can only be claimed as a basis for demonstration of
acceptable performance for COTS products for safety related equipment applications, if
the COTS equipment was then and still is under the control of a configuration
management program.

. Configuration management is mentioned in Figure 4 of WCAP-13383 in the column on
acceptance criteria, providing examples.

The DAS hardware and software is developed using a planned design process that provides for
specific design documentation and reviews during the following lifecycle stages:

. design requirement phase

. system definition phase

. hardware and software development phase
. system test phase

. installation phase

The planned design process also provides for the use of COTS hardware and software. On the
basis of the above discussion on the commercial dedication process, the staff concludes that
the commercial-grade item dedication program for the AP600 reactor’s 1&C system is
acceptable. Therefore, DSER Open Item 7.1.7-1 is closed.

In SSAR Section 7.1.2.15, “Verification and Validation” (by reference to WCAP-13383,
Revision 1), Westinghouse provides detailed information for the use of commercial off-the-shelf
hardware and software through a commercial dedication process. Control of the hardware and
software during the operational and maintenance phase is the responsibility of the COL
applicant. The staff considers that the commercial dedication process described in SSAR
Section 7.1.2.15 provides an adequate basis for accepting I&C system design.

7.2 Reactor Trip System

7.2.1 General System Description

The reactor trip system (RTS) is part of the PMS and performs the reactor scram function by
interrupting electrical power to the rod control system and allowing the control rods to fall by
gravity into the reactor core. The RTS includes power sources, sensors, communication links,
software/firmware, initiation circuits, logic matrices, bypasses, interlocks, switchgear, actuation
logic, and actuated devices that are required to initiate a reactor trip. The RTS is designed to
automatically initiate the rapid insertion of the control rods of the reactivity control system to
ensure that the specified acceptable fuel design limits are not exceeded. Manual initiation is
also provided as a backup to automatic initiation. The RTS also provides status information to
the operator, and status and control signals to other systems and annunciators. The RTS,
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which is qualified as a Class 1E safety system and is environmentally and seisr:nically qualified,
provides the following reactor trip functions: ' _

. nuclear startup trips

- source range high neutron flux trip
intermediate range high neutron flux trip ' l
- power range high neutron flux trip (low setpoint) I

. nuclear overpower trips

- power range high neutron flux trip (high setpoint)
- power range high positive flux rate trip

. core heat removal trips
- overtemperature delta T trip
- overpower delta T trip
- low pressurizer pressure trip
- low reactor coolant flow trip
- reactor coolant pump (RCP) underspeed trip
- high RCP bearing water temperature tri