9 AUXILIARY SYSTEMS
9.1 Fuel Storage and Handling

The staff’s review of the AP1000 fuel storage and handling systems is provided in the following
sections of this report: 9.1.1, New Fuel Storage; 9.1.2, Spent Fuel Storage; 9.1.3, Spent Fuel
Pool Cooling and Purification; 9.1.4, Light Load Handling System (Related To Refueling); and
9.1.5, Overhead Heavy Load Handling Systems.

9.1.1 New Fuel Storage

The staff has reviewed the AP1000 advanced reactor’s new fuel storage capability in
accordance with Section 9.1.1, "New Fuel Storage," of NUREG-0800, "Standard Review

Plan," (SRP). The staff's acceptance of the new fuel storage facility is contingent upon whether
the design complies with the following requirements:

. General Design Criterion (GDC) 2, "Design Bases for Protection Against Natural
Phenomena," as it relates to the ability of the facility and the structures housing it to
withstand the effects of natural phenomena, such as earthquakes.

. GDC 5, "Sharing of Structures, Systems, and Components,"” as it relates to whether
shared structures, systems, and components (SSCs) important to safety are capable of
performing required safety functions.

. GDC 61, "Fuel Storage and Handling and Radioactivity Control," as it relates to the
facility design for fuel storage.

. GDC 62, "Prevention of Criticality in Fuel Storage and Handling," as it relates to the
prevention of criticality.

In accordance with SRP Section 9.1.1, compliance with GDC 2 is on the basis of adherence to
the guidance of Regulatory Position C.1.1 of Regulatory Guide (RG) 1.29, "Seismic Design
Classification," as it relates to the seismic classification of facility components. In accordance
with SRP Section 9.1.1, specific criteria necessary to meet the requirements of GDC 61 and 62
are American Nuclear Society (ANS) 57.1-1980, "Design Requirements for Light Water Reactor
Fuel Handling Systems," and ANS 57.3-1981, "Design Requirements for New LWR Fuel
Storage Facilities," as they relate to preventing criticality and to aspects of the radiological
design. In AP1000 Design Control Document (DCD) Tier 2 Section 9.1.1, "New Fuel Storage,"
the applicant provides the design bases, a description, and a safety evaluation of the new fuel
storage arrangement for the AP1000 design.

In DCD Tier 2 Section 9.1.1.1, "Design Bases," the applicant states that the new fuel will be
stored in a high-density rack that includes integral neutron absorbing material to maintain the
required degree of subcriticality. The rack is designed to store fuel of the maximum design
basis enrichment. The rack will include storage locations for 72 fuel assemblies. The rack
array will have a center-to-center spacing of 27.7 cm (10.9 in). This spacing provides the
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minimum separation between adjacent fuel assemblies that is sufficient to maintain a subcritical
array, even if the building is flooded with unborated water or fire extinguishant aerosols, or
during any design basis event. The new fuel storage facility will be located within the seismic
Category | auxiliary building fuel handling area. The dry, unlined, approximately 5.2 m (17 ft)
deep reinforced concrete pit is designed to support the new fuel storage rack. The rack will be
supported by the pit floor and laterally supported at the rack top grid structure by the pit wall
structures. The new fuel pit will normally be covered to prevent foreign objects from entering
the new fuel storage rack.

In DCD Tier 2 Section 9.1.1.3, "Safety Evaluation," the applicant provides a safety evaluation to
demonstrate that the new fuel storage rack design complies with the design bases. DCD Tier 2
Section 9.1.1.3 also states that the new fuel racks are purchased equipment, and that the
purchase specification will require the vendor to perform a criticality analysis of the new fuel
storage racks. The applicant considered normal and postulated accident conditions such as
flooding with pure water and low density optimum moderator "misting." The following design
features are used to minimize the possibility of these accidents:

. travel limits on handling equipment capable of carrying loads heavier than fuel
components,

. rack designed for safe-shutdown earthquake (SSE) conditions,

. rack designed for dropped fuel assembly (and handling tool) conditions, and

. new fuel storage pit cover to protect new fuel from dropped objects and debris.

In addition, the new fuel pit is not accessed by the fuel handling machine or by the cask-
handling crane. This precludes moving loads greater than that of the fuel components over
new fuel assemblies.

The staff performed its review in accordance with the guidance and acceptance criteria in SRP
Section 9.1.1. The staff directed its evaluation to determine whether or not the new fuel storage
design complies with the requirements of GDC 2, 5, 61, and 62. On the basis of its review, the
staff concludes that:

. The new fuel storage facility will be located within the seismic Category | auxiliary
building fuel handling area in accordance with DCD Tier 2 Section 9.1.1.2, "Facilities
Description." The new fuel storage rack is designed to meet the seismic Category |
guidance of RG 1.29. Therefore, the staff finds that the new fuel storage facility meets
the requirements of GDC 2.

. The AP1000 design can be used at either single-unit or multiple-unit sites.
Nonetheless, in DCD Tier 2 Section 3.1.1, "Overall Requirements," the applicant states
that the AP1000 design is a single-unit plant and that "if more than one unit is built on
the same site, none of the safety-related systems will be shared." Should a multiple-unit
site be proposed, the combined license (COL) applicant referencing the AP1000 design
will be required to apply for the evaluation of the units' compliance with the requirements
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of GDC 5, with respect to the capability of shared SSCs important to safety to perform
their required safety functions.

. In DCD Tier 2 Section 9.1.1.3, the applicant states that the design of the rack is such
that the effective multiplication factor (K,) remains less than or equal to 0.95 with new
fuel of the maximum design basis enrichment. For a postulated accident condition of
flooding the new fuel storage area with unborated water, K., will not exceed 0.98. DCD
Tier 2 Section 4.3.2.6.1, "Criticality Design Method Outside the Reactor," states that the
two principal methods of preventing criticality of fuel assemblies outside the reactor are
to limit the fuel assembly array size and limit interaction by fixing the minimum
separation between assemblies and/or inserting neutron poisons between assemblies.
The design basis for preventing criticality outside the reactor is that, including
uncertainties, there is a 95-percent probability at a 95-percent confidence level that the
K¢ Of the fuel assembly array will be less than 0.95, as recommended in ANS 57.1 and
ANS 57.3. Therefore, the staff finds that the new fuel facility meets the requirements of
GDC 61 and 62.

The staff has completed its review of the new fuel storage facility, including the seismic
classification, and the protection of fuel inside the fuel storage pit. The new fuel storage facility
is located within the seismic Category | auxiliary building fuel handling area. Accordingly, the
staff finds this acceptable to meet the requirements of GDC 2 as it relates to the ability of the
facility and the structures housing it to withstand the effects of natural phenomena, such as
earthquakes. In addition, in that the AP1000 is a single unit design, and a COL applicant must
comply with GDC 5 for a multiple-unit site, the staff finds that the requirements of GDC 5 are
satisfied as it relates to whether shared SSCs important to safety are capable of performing
required safety functions. Based on the analysis set forth above, the staff also finds that the
requirements of GDC 61 are met as it relates to the facility design for fuel storage, and the
requirements of GDC 62 are met as it relates to the prevention of criticality.

9.1.2 Spent Fuel Storage

The staff reviewed the spent fuel storage capability in accordance with SRP Section 9.1.2,
"Spent Fuel Storage." The staff's acceptance of the spent fuel storage facility is on the basis of
compliance with the following requirements:

. GDC 2, as it relates to the ability of the facility and the structures housing it to withstand
the effects of natural phenomena, such as earthquakes, tornados, and hurricanes.

. GDC 4, "Environmental and Dynamic Effects Design Bases," as it relates to the ability of
the facility and the structures housing it to withstand the effects of external missiles, and
internally-generated missiles, pipe whip, jet impingement forces, and adverse
environmental conditions associated with pipe breaks, such that safety functions will not
be impaired.

. GDC 5, as it relates to whether shared SSCs important to safety are capable of
performing required safety functions.
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. GDC 61, as it relates to the facility design for fuel storage and handling of radioactive
materials.

. GDC 62, as it relates to the prevention of criticality.

. GDC 63, "Monitoring Fuel and Waste Storage," as it relates to monitoring systems

provided to detect conditions that could result in the loss of decay heat removal
capabilities, to detect excessive radiation levels, and to initiate appropriate safety
actions.

In accordance with SRP Section 9.1.1, compliance with the requirements of GDC 2 is on the
basis of adherence to the guidance of Regulatory Position C.3 of RG 1.13, "Spent Fuel Storage
Facility Design Basis;" the applicable portions of RG 1.29 and RG 1.117, "Tornado Design
Classification;" and paragraphs 5.1.1, 5.1.3, 5.1.12, 5.3.2, and 5.3.4 of ANS 57.2-1976, "Design
Objectives for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Stations."
Compliance with the requirements of GDC 4 is on the basis of adherence to the guidance of
Regulatory Position C.3 of RG 1.13, as well as RG 1.115, "Protection Against Low-Trajectory
Turbine Missiles," and RG 1.117, and the appropriate paragraphs of ANS 57.2. Compliance
with the requirements of GDC 61 is on the basis of adherence to the guidance of Positions C.1
and C.4 of RG 1.13, the appropriate paragraphs of ANS 57.2, and adherence to the fuel
storage capacity guidelines noted in Subsection Ill.1 of SRP Section 9.1.2. Compliance with the
requirements of GDC 62 is on the basis of adherence to the guidance of Positions C.1 and C.4
of RG 1.13, as well as the appropriate paragraphs of ANS 57.2. Finally, compliance with the
requirements of GDC 63 is on the basis of adherence to the guidance of paragraph 5.4 of ANS
57.2.

In DCD Tier 2 Section 9.1.2, "Spent Fuel Storage," the applicant presents the design bases,
facilities description, and a safety evaluation of the spent fuel storage arrangement. In addition,
the applicant indicates that the spent fuel will be stored in high-density racks that include
integral, neutron-absorbing material to maintain the required degree of subcriticality. The racks
are designed to store fuel of the maximum design basis enrichment. The rack arrays will have
a center-to-center spacing of 27.7 cm (10.9 in), and storage locations for 619 fuel assemblies.
In addition, the rack module will contain integral storage locations for five defective fuel storage
containers. The spent fuel storage racks will be seismic Category I, and will be located within
the spent fuel pool. The racks will consist of an array of cells interconnected to each other at
several elevations, and to supporting grid structures at the top and bottom elevations. The rack
modules will be free-standing, neither anchored to the pool floor nor braced to the pool wall.

The spent fuel storage facility (spent fuel pool) will be located within the seismic Category |
auxiliary building fuel handling area. The DCD states that the facility will be protected from the
effects of natural phenomena, such as earthquakes, wind, tornados, floods, and external
missiles. DCD Tier 2 Section 9.1.1.2, "Facilities Description," also indicated, and the staff
agrees, that internally-generated missiles are of no concern because the fuel handling area
does not contain any credible sources of internally-generated missiles. As a result, the staff
determined that the spent fuel storage design meets the applicable guidance of RGs 1.115 and
1.117.
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In DCD Tier 2 Section 9.1.2.3, "Safety Evaluation," the applicant provides a safety evaluation to
demonstrate that the spent-fuel storage rack design and location comply with its design bases.
The safety evaluation includes postulated accidents and criticality safety assumptions. The
following postulated accidents were considered:

. fuel handling accidents (e.g., dropped fuel assembly)
. uplift force on the fuel racks
. a misplaced fuel assembly

The following design features will be used to minimize the possibility of these accidents:

. The cask handling crane (capable of carrying loads heavier than the fuel components) is
prevented, by design, from carrying loads over the fuel storage area.

. The racks are designed for SSE conditions.
. The racks are designed for dropped fuel assembly (and handling tool) conditions.
. The fuel handling machine is designed to seismic Category | requirements.

In DCD Tier 2 Section 9.1.2.3, "Safety Evaluation," the applicant states that the design of the
racks is such that K4 remains less than or equal to 0.95 under design basis conditions,
including fuel handling accidents. DCD Tier 2 Section 4.3.2.6.1, "Criticality Design Method
Outside the Reactor," states that the two principal methods of preventing criticality of fuel
assemblies outside the reactor are to limit the fuel assembly array size and limit interaction by
fixing the minimum separation between assemblies and/or inserting neutron poisons between
assemblies. The design basis for preventing criticality outside the reactor is that, including
uncertainties, there is a 95-percent probability at a 95-percent confidence level that the K of
the fuel assembly array will be less than 0.95, as recommended in ANS 57.1 and ANS 57.3.
Therefore, the staff finds that the spent fuel storage design meets the requirements of GDC 61
and 62.

Compliance with GDC 63 is demonstrated as discussed in Section 9.1.3 of this report.

The staff based its review of DCD Tier 2 Section 9.1.2 on the guidance and acceptance criteria
in SRP Section 9.1.2. The staff directed its evaluation at determining whether or not the spent
fuel storage facility complies with the requirements of GDC 2, 4, 5, 61, 62, and 63. Acceptability
for meeting these criteria is on the basis of conformance to Positions C.1, C.3, and C.4 of

RG 1.13; applicable portions of RG 1.29, RG 1.115, and RG 1.117; and the appropriate
paragraphs of ANS 57.2. On the basis of its review, the staff concludes that:

. In accordance with Regulatory Postion C.3 of RG 1.13, heavy loads are prevented, by
design, from being lifted over the spent fuel pool. In addition, the fuel racks are
designed to withstand a load drop equivalent to that from a fuel assembly and its
associated handling tool when dropped from its operating height.

. In accordance with Regulatory Postion C.1 of RG 1.13, RG 1.29, and paragraphs 5.1.1,
5.1.3,5.1.12 and 5.3.2 of ANS 57.2, the spent fuel storage racks are in the spent fuel

9-5



Auxiliary Systems

storage pool, which is located within the seismic Category | auxiliary building fuel
handling area. The auxiliary building is designed to maintain its structural integrity
following a SSE and to perform its intended function following a postulated event such
as a fire. The spent fuel pool and racks are designed to seismic Category |
requirements.

. In accordance with Regulatory Postion C.4 of RG 1.13, the spent fuel storage facility is
located within the seismic Category | auxiliary building fuel handling area. This portion
of the auxiliary building is served by the radiologically controlled area ventilation system
(VAS). The VAS consists of a fuel handling area ventilation subsystem and an
auxiliary/annex building ventilation subsystem. As stated in DCD Tier 2 Table 3.2-3, the
VAS is non-seismic. The VAS serves no safety-related function. The staff's review of
the VAS is discussed in Section 9.4 of this report.

As described above, the staff reached the following conclusions. The staff found that the spent
fuel storage design is in compliance with GDC 2, as it relates to the ability of the facility and the
structures housing it to withstand the effects of natural phenomena, such as earthquakes,
tornados, and hurricanes. The staff found that the spent fuel storage design is in compliance
with GDC 4, as it relates to the ability of the facility and the structures housing it to withstand the
effects of external missiles, pipe whip, jet impingement forces, and adverse environmental
conditions associated with pipe breaks, such that safety functions will not be impaired. DCD
Tier 2 Section 9.1.1.2.1.E states, and the staff agrees, that internally-generated missiles are of
no concern because the fuel handling area does not contain any credible sources of
internally-generated missiles.

Also, in that the AP1000 is a single unit design, and a COL applicant must comply with GDC 5
for a multiple-unit site, the staff finds that the requirements of GDC 5 are satisfied as it relates
to whether shared SSCs important to safety are capable of performing required safety
functions. The staff found that the spent fuel storage design is in compliance with GDC 61, as it
relates to the facility design for fuel storage and handling radioactive materials, and GDC 62, as
it relates to the prevention of criticality. In addition, the spent fuel storage design is in
compliance with GDC 63, as discussed in Section 9.1.3 of this report, as it relates to monitoring
systems provided to detect conditions that could result in the loss of decay heat removal
capabilities, to detect excessive radiation levels, and to initiate appropriate safety actions.

9.1.3 Spent Fuel Pool Cooling and Pool Purification

The staff has reviewed the spent fuel pool cooling and purification system (SFPCPS) in
accordance with SRP Section 9.1.3, "Spent Fuel Pool Cooling and Cleanup System." The
staff's acceptance of the SFPCPS design is on the basis of design compliance with the
following SRP guidance:

. GDC 2, as it relates to the ability of system and the structures housing it to withstand the
effects of natural phenomena, such as earthquakes, tornados, and hurricanes.

. GDC 4, as it relates to the ability of the system and the structures housing it to withstand
the effects of external missiles.
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GDC 5, as it relates to whether shared SSCs important to safety are capable of
performing required safety functions.

GDC 44, "Cooling Water," as it relates to the following:

. the system's ability to transfer heat loads from safety-related SSCs to a heat sink
under both normal operating and accident conditions,

. suitable redundancy of components so that safety functions can be performed
assuming a single active failure of a component coincident with a loss of offsite
power (LOOP) event, and

. the system's ability to isolate components, systems, or piping so that the
system's safety function will not be compromised.

GDC 45, "Inspection of Cooling Water System," as it relates to allowing periodic
inspection of safety-related components and equipment.

GDC 46, "Testing of Cooling Water System," as it relates to allowing operational
functional testing of safety-related systems or components to ensure structural integrity
and system leak tightness, operability, and adequate performance of active system
components, as well as the capability of the integrated system to perform the required
functions during normal, shutdown, and accident conditions.

GDC 61, as it relates to the following system design criteria for fuel storage and handling
of radioactive materials:

. capability for periodic testing of components important to safety,

. provisions for containment,

. provisions for decay heat removal,

. capability to prevent reduction in fuel storage coolant inventory under accident

conditions in accordance with Regulatory Position C.6 of RG 1.13, and

. capability and capacity to remove corrosion products, radioactive materials, and
impurities from the pool water and reduce occupational exposures.

GDC 63, as it relates to monitoring systems provided to detect conditions that could
result in the loss of decay heat removal capabilities, detect excessive radiation levels,
and initiate appropriate safety actions.

Title 10 of the Code of Federal Regulations (10 CFR) 20.1101(b), as it relates to
radiation doses being kept as low as reasonably achievable (ALARA).

Compliance with the requirements of GDC 2 is founded on adherence to the guidance of
Positions C.1, C.2, C.6, and C.8 of RG 1.13, as well as Regulatory Position C.1 (safety-related
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portions of the system) and Regulatory Position C.2 (non-safety-related portions of the system)
of RG 1.29. Compliance with the requirements of GDC 4 is founded on adherence to the
guidance of Regulatory Position C.2 of RG 1.13. Compliance with the requirements of GDC 44
is founded on adherence to the recommendations of Branch Technical Position (BTP) Auxiliary
Systems Branch (ASB) 9-2, "Residual Decay Energy for Light Water Reactors for Long-Term
Cooling," for calculating the heat loads, the assumptions set forth in Item 1.h of Subsection Il of
SRP Section 9.1.3, and the pool temperature limitations identified in Iltem 1.d of Subsection IlI of
SRP Section 9.1.3. Compliance with the requirements of 10 CFR 20.1101(b) is founded on
adherence to the guidance of Positions C.2(f)(2) and C.2.f(3) of RG 8.8, "Information Relevant
to Ensuring that Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low
As Is Reasonably Achievable."

In DCD Tier 2 Section 9.1.3.2, "System Description," the applicant states that the spent fuel
pool cooling system is a non-safety-related system. The safety-related function of cooling and
shielding the fuel in the spent fuel pool is performed by the water in the pool. A simplified
sketch of the system is provided as DCD Tier 2 Figure 9.1-5.

The applicant states that the spent fuel pool cooling system consists of two mechanical trains of
equipment. Each train consists of one spent fuel pool pump, one spent fuel pool heat
exchanger, one spent fuel pool demineralizer, and one spent fuel pool filter. The two trains of
equipment share common suction and discharge headers. In addition, the spent fuel pool
cooling system is comprised of piping, valves, and instrumentation necessary for system opera-
tion. Either train of equipment can be operated to perform any of the functions required of the
spent fuel pool cooling system independently of the other train. One train is continuously
cooling and purifying the spent fuel pool while the other train is available for water transfers or
in-containment refueling water storage tank (IRWST) purification, or is aligned as a backup to
the operating train of equipment.

Both trains are designed to process spent fuel pool water. Each pump takes suction from the
common suction header and discharges directly to its respective heat exchanger. The outlet
piping branches into parallel lines. The purification branch is designed to process
approximately 20 percent of the cooling flow while the bypass branch passes the remaining.
Each purification branch is routed directly to a spent fuel pool demineralizer. The outlet of the
demineralizer is routed to a spent fuel pool filter. The outlet of the filter is then connected to the
bypass branch, which forms a common line that connects to the discharge header.

The spent fuel pool cooling system suction header is connected to the spent fuel pool at two
locations. The main suction line connects to the spent fuel pool at an elevation 0.6 m (2 ft)
below the normal water level of the pool. Two skimmer connections take suction from the water
surface of the spent fuel pool. This suction arrangement prevents the spent fuel pool from
inadvertently being drained below a level that would prevent the water in the spent fuel pool
from performing its safety functions. This arrangement also eliminates the need for a separate
skimmer circuit arrangement.

The spent fuel pool pump suction header is connected to the IRWST and the refueling cavity.
This enables purification of the IRWST or the refueling cavity, and allows for the transfer of
water between the IRWST and the refueling cavity. The spent fuel pool pump suction header is
also connected to the fuel transfer canal and the cask loading pit. These connections are
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provided primarily for transferring water from the fuel transfer canal to the cask loading pit.
Water that is normally stored in the fuel transfer canal can be sent to the cask loading pit and
from the cask loading pit back to the transfer canal.

The spent fuel pool is initially filled for use with water having a boron concentration of
approximately 2500 ppm. Demineralized water can be added for makeup purposes, including
replacement of evaporative losses, from the demineralized water transfer and storage system.
Boron may be added to the spent fuel pool from the chemical and volume control system (CVS).

The spent fuel pool water may be separated from the water in the transfer canal by a gate. The
gate enables the transfer canal to be drained to permit maintenance of the fuel transfer
equipment.

The staff reviewed the SFPCPS for compliance with the requirements of GDC 2, 4, 5, 44, 45,
46, 61, 63 and 10 CFR 20.1101(b), as referenced in SRP Section 9.1.3. The staff found that
the AP1000 SFPCPS is not a safety-related system and is not required to operate following
events such as earthquakes, fires, passive failures, or multiple active failures. The SFPCPS
has the safety-related functions of containment isolation and providing safety-related
connections for temporary emergency makeup to the spent fuel pool for cooling. Spent fuel
pool makeup for a long-term station blackout can be provided through seismically qualified
safety-related makeup connections from the passive containment cooling system. These
connections are located in an area of the auxiliary building that can be accessed without
exposing operating personnel to excessive levels of radiation or adverse environmental
conditions during boiling of the pool.

The spent fuel pool is designed such that water is maintained above the spent fuel assemblies
for at least seven days following a loss of the spent fuel pool cooling system. In accordance
with the design, the minimum water level to achieve sufficient cooling is the sub-cooled,
collapsed level (without vapor voids) required to cover the top of the fuel assemblies.
Therefore, the applicable portion of the requirements of GDC 2 are that the structure housing
the system must have the ability to withstand the effects of natural phenomena, such as
earthquakes, tornados, and hurricanes. In this regard, the spent fuel pool is located in a
seismic Category | building in the fuel handling area. The staff determined that the SFPCPS is
protected from natural phenomena and is in compliance with Regulatory Positions C.1, C.2,
C.6, and C.8 of RG 1.13 and Regulatory Positions C.1 and C.2 of RG 1.29. Thus, the staff
concludes that the SFPCPS complies with the requirements of GDC 2. The SFPCPS is also in
compliance with the applicable portions of the following requirements:

. GDC 4, as it relates to the ability of the structure housing the system to withstand the
effects of external missiles. The spent fuel pool is located in a seismic Category |
building. Therefore, the SFPCPS is protected from external missiles. Thus, the staff
concludes that the SFPCPS complies with Regulatory Position C.4 of RG 1.13, and
thereby the requirements of GDC 4.

. GDC 5, as it relates to whether shared SSCs important to safety are capable of
performing required safety functions. In that the AP1000 is a single unit design, and a
COL applicant must comply with GDC 5 for a multiple-unit site, the staff finds that the
SFPCPS complies with the requirements of GDC 5.
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GDC 44, as it relates to the system’s ability to transfer heat loads from safety-related
SSCs to a heat sink under both normal operating and accident conditions. There are no
safety-related SSCs involved in the spent fuel pool system under normal operating
conditions; however, during accident conditions, the spent fuel pool is designed to cool
by boiling and transferring the heat to the atmosphere. Therefore, the SFPCPS meets
the intent of BTP ASB 9-2 , and thereby meets the intent of GDC 44.

GDC 45, as it relates to allowing periodic inspection of safety-related components and
equipment. The spent pool cooling system is not a safety-related system; however,
DCD Tier 2 Section 9.1.3.6.2 states that periodic visual inspections and preventive
maintenance will be performed. Therefore, the SFPCPS meets the intent of GDC 45.

GDC 46, as it relates to the capability of the system to perform required functions during
normal, shutdown, and accident situations. As discussed above, the SFPCPS meets the
required functions of containment isolation and providing safety-related connections for
temporary emergency makeup for spent fuel pool cooling. Therefore, the SFPCPS
meets the intent of GDC 46.

GDC 61, as it relates to provisions for decay heat removal; the capability to prevent
reduction in fuel storage coolant inventory under accident conditions; and the capability
and capacity to remove fission products, radioactive materials, and impurities from the
pool water and reduce occupational exposures. Under accident conditions the system is
designed to provide makeup for seven days. In addition, the purification system is found
acceptable to remove fission products and radioactive materials from the pool water
thereby reducing occupational exposures. Thus, the staff concludes that the SFPCPS
complies with the requirements of GDC 61.

GDC 63, as it relates to monitoring systems provided to detect conditions that could
result in the loss of decay heat removal capabilities, detect excessive radiation levels,
and initiate appropriate safety actions. The AP1000 design provides acceptable
instrumentation to measure temperature, pressure, flow and level in the spent fuel pool.
The design also limits exposure rates at the surface of the spent fuel pool to less than
2.5 mrem/hr. This corresponds to an activity level in the water of approximately 0.005
microcurie per gram for the dominant gamma-emitting isotopes at the time of refueling.
The spent fuel pool cooling system flow rate for one train shall be more than that
necessary to provide two water volume changes in 24 hours for the spent fuel pool
water. Therefore, the staff concludes that the SFPCPS complies with the requirements
of GDC 63.

The requirements of 10 CFR 20.110(b), as it relates to the design of the fuel pool
cooling system purification capability to minimize the occupational radiation exposure,
and thereby keep radiation doses as low as reasonably achievable. The staff finds the
spent fuel pool cooling system provides a purification and filtration system design that
will minimize the occupational radiation exposure, and thereby keep radiation doses as
low as reasonably achievable and thereby meeting the intent of RG 8.8. Thus, the staff
concludes that the SFPCPS complies with the requirements of 10 CFR 20.110(b).

9-10



Auxiliary Systems

On the basis of the above discussion, the staff concludes that the information provided by the
applicant regarding the design of the SFPCPS is acceptable.

9.1.4 Light Load Handling System (Related To Refueling)

The staff reviewed the light load handling system (LLHS) in accordance with SRP Section 9.1.4,
"Light Load Handling System." Staff acceptance of the design of the system is contingent on
design compliance with the following requirements:

. GDC 2, as it relates to the ability of SSCs to withstand the effects of earthquakes.

. GDC 5, as it relates to whether shared SSCs important to safety are capable of
performing required safety functions.

. GDC 61, as it relates to a radioactivity release as a result of fuel damage and the
avoidance of excessive personnel radiation exposure.

. GDC 62, as it relates to criticality accidents.

In accordance with SRP Section 9.1.4, compliance with the requirements of GDC 2 is on the
basis of adherence to the guidance of Positions C.1 and C.6 of RG 1.13, as well as Positions
C.1and C.2 of RG 1.29. In accordance with SRP Section 9.1.4, compliance with the require-
ments of GDC 61 is on the basis of adherence to the guidance of Regulatory Position C.3 of
RG 1.13, as well as ANS 57.1/ANSI-N208. In accordance with SRP Section 9.1.4, compliance
with the requirements of GDC 62 is on the basis of adherence to the guidance of Regulatory
Position C.3 of RG 1.13, as well as ANS 57.1/ANSI N208.

In DCD Tier 2 Section 9.1.4.2, the applicant states that the LLHS consists of the equipment and
structures needed for the refueling operation. This equipment is comprised of fuel assemblies,
core component and reactor component hoisting equipment, handling equipment, and a
dual-basket fuel transfer system. The following structures are associated with the fuel handling
equipment:

. refueling cavity

. transfer canal

. fuel transfer tube

. spent fuel pool

. cask loading area

. new fuel storage area

. new fuel receiving and inspection area

The fuel handling equipment is designed to handle the spent fuel assemblies underwater from
the time they leave the reactor vessel until they are placed in a container for shipment from the
site. As described below, underwater transfer of spent fuel assemblies provides an effective
and transparent radiation shield, as well as a reliable cooling medium for removal of decay heat.
The boric acid concentration in the water is sufficient to preclude criticality.
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The associated fuel handling structures may be generally divided into two areas:

. the refueling cavity, which is flooded only during plant shutdown for refueling
. the spent fuel pool and transfer canal, which are kept full of water

The refueling cavity and fuel storage area are connected by the fuel transfer tube, which is fitted
with a quick-opening hatch on the canal end and a valve on the fuel storage area end. The
hatch is in place, except during refueling, to provide containment integrity. Fuel is carried
through the tube on an underwater transfer car.

Fuel is moved between the reactor vessel and the fuel transfer system by the refueling
machine. The fuel transfer system is used to move up to two fuel assemblies at a time between
the containment building and the auxiliary building fuel handling area. After a fuel assembly is
placed in the fuel container, the lifting arm pivots the fuel assembly to the horizontal position for
passage through the seismic Category | fuel transfer tube, in accordance with Regulatory
Positions C.1 and C.6 of RG 1.13 and Regulatory Positions C.1 and C.2 of RG 1.29. After the
transfer car transports the fuel assembly through the transfer tube, the lifting arm at that end of
the tube pivots the assembly to a vertical position so that the assembly can be lifted out of the
fuel container.

In the fuel handling area, fuel assemblies are moved about by the seismic Category | fuel
handling machine, in accordance with Regulatory Positions C.1 and C.6 of RG 1.13 and
Regulatory Positions C.1 and C.2 of RG 1.29. Initially, a short tool is used to handle new fuel
assemblies, but the new fuel elevator must be used to lower the assembly to a depth at which
the fuel handling machine can place the new fuel assemblies into or out of the spent fuel
storage racks.

New fuel assemblies received for refueling are removed one at a time from the shipping
container and moved into the new fuel assembly inspection area using the seismic Category |l
new fuel jib crane.

DCD Tier 2 Section 9.1.4.1.1, "Safety Design Basis," states that in the event of a SSE, handling
equipment cannot fail in such a manner as to prevent the required function of seismic Category
| equipment. Based on the above discussion, the staff concludes that the LLHS complies with
the requirements of GDC 2.

The transfer car controls for the fuel transfer system are located in the fuel handling area.
Therefore, conditions in the containment are not visible to the operator. The transfer car
permissive switch allows the fuel transfer system containment operator to exercise some control
over car movement, if conditions visible to the operator warrant such control.

In accordance with Regulatory Position C.3 of RG 1.13 and ANS 57.1/ANSI-N208, an interlock
on the fuel transfer system prevents the upender from being moved from the horizontal to the
vertical position if the transfer car has not reached the end of its travel. An interlock on the
transfer tube valve permits transfer car operation only when the transfer tube valve position
switch indicates that the valve is fully open.
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The fuel transfer system is also interlocked with the refueling machine. Whenever the transfer
car is located in the refueling cavity, the fuel transfer system cannot be operated unless the
refueling machine mast is in the fully retracted position, the refueling machine is over the core,
or the gripper is released and inside the core.

On the spent fuel pool side, the fuel transfer system is interlocked with the fuel handling
machine. The fuel transfer system cannot be operated until the fuel handling machine is moved
away from the fuel transfer system area.

Fuel handling tools and equipment handled over an open reactor vessel are designed to
prevent inadvertent decoupling from machine hooks. In addition, lifting rigs are pinned to the
machine hook, and safety latches are provided on hook supporting tools. Tools required for
handling internal reactor components are designed with the following fail-safe features that
prevent disengagement of the component in the event of operating mechanism malfunction:

. The air cylinders actuating the gripper mechanism are equipped with backup springs
that close the gripper in the event of loss of air to the cylinder. Air-operated valves are
equipped with safety locking rings to prevent inadvertent actuation.

. When the fingers are latched, the actuating handle is positively locked, preventing
inadvertent actuation. The tool is preoperationally tested at 125 percent of the weight of
one fuel assembly.

During spent fuel transfer, the gamma dose rate at the surface of the water is 20 mrem/hour or
less. This is accomplished by maintaining a minimum of 3 m (10 ft) of water above the top of
the active fuel height during handling operations. The three fuel handling devices used to lift
spent fuel assemblies are the refueling machine, the fuel handling machine, and the spent fuel
handling tool. Both the refueling machine and fuel handling machine contain positive stops that
prevent the fuel assembly from being raised above a safe shielding height.

DCD Tier 2 Section 9.1.4.1.1 states that the fuel handling devices have provisions to avoid
dropping or jamming of fuel assemblies during transfer operation and that the handling
equipment have provisions to avoid dropping of fuel handling devices during the fuel transfer
operation. Based on the above discussion, the staff concludes that the LLHS meets the intent
of GDC 61 and 62.

The staff found that the LLHS for the AP1000 design is in compliance with GDC 2, as it relates
to the ability of SSCs to withstand the effects of an earthquake. It is in compliance with GDC, 5
as it relates to whether shared SSCs important to safety are capable of performing required
safety functions, in accordance with DCD Tier 2 Section 3.1.1, which states that "The AP1000 is
a single-unit plant. If more that one unit were built on the same site, none of the safety-related
systems would be shared." The LLHS is also in compliance with the intent of GDC 61 and 62,
as related to a radioactivity release as a result of fuel damage and the avoidance of excessive
personnel radiation exposure, and criticality accidents respectively.

9-13



Auxiliary Systems

9.1.5 Overhead Heavy Load Handling Systems

The staff's acceptance of the design of a heavy load handling system (HLHS) is contingent on
compliance with the following requirements:

. GDC 2, as it relates to the ability of SSCs to withstand the effects of natural phenomena
such as earthquakes.

. GDC 4, as it relates to the protection of safety-related equipment from the effects of
internally-generated missiles (i.e., dropped loads).

. GDC 5, as it relates to whether shared SSCs important to safety are capable of
performing their required safety functions.

. GDC 61, as it relates to the safe handling and storage of fuel.

Compliance with the requirements of GDC 2 is on the basis of adherence to the guidance of
Positions C.1 and C.6 of RG 1.13, as well as Positions C.1 and C.2 of RG 1.29. Compliance
with the requirements of GDC 4 is on the basis of adherence to the guidance of Positions C.3
and C.5 of RG 1.13. Other guidelines used in the evaluation of this system include
NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants," issued July 1980.

For the AP1000 design, the applicant defines a heavy load to be a load that weighs more than
the combined weight [about 1406 kg (3100 Ibs)] of a fuel assembly with a rod cluster control,
and the associated handling device (consisting of the inner mast of the fuel handling machine
and the fuel gripper assembly). This equipment is part of the mechanical handling system
(MHS) and is located throughout the plant. HLHSs are generally classified as
non-safety-related, non-seismic systems. The components of single-failure-proof systems
necessary to prevent uncontrolled lowering of a critical load are classified as safety-related.

The containment polar crane, the equipment hatch hoist system, and the maintenance hatch
hoist system are single-failure-proof systems. They are classified as seismic Category I, and
are designed to support a critical load during and after a SSE, and thereby are in compliance
with Regulatory Positions C.1 and C.6 of RG 1.13 and Regulatory Positions C.1 and C.2 of RG
1.29. A critical load is a heavy load that, if dropped, could cause unacceptable damage to
reactor fuel elements, or a loss of safe shutdown or decay heat removal capability. Therefore,
the staff concludes that the HLHS complies with the requirements of GDC 2.

For the AP1000 design, the plant arrangement and the design of HLHSs are predicated on the
following criteria:

. In accordance with Regulatory Positions C.3 and C.5 of RG 1.13, to the extent
practicable, heavy loads are not carried over or near safety-related components,
including irradiated fuel and safe shutdown components. Safe load paths are designed
for heavy load handling in safety-related areas.

. In accordance with the guidance of NUREG-0612:

9-14



Auxiliary Systems

. the likelihood of a load drop is extremely small (that is, the handling system is
single-failure-proof), or the consequences of a postulated load drop are within
acceptable limits;

. single-failure-proof systems can stop and hold a critical load following the
credible failure of a single component; and

. single-failure-proof systems can support a critical load during and after a SSE.

Except for the containment polar crane, the equipment hatch hoist system, and the
maintenance hatch hoist system, the HLHSs are not single-failure-proof. The DCD states that
overhead cranes are designed according to American Society of Mechanical Engineers
(ASME) NOG-1, "Rules for Construction of Overhead and Gantry Cranes.”" Other cranes and
hoists handling heavy loads are designed according to the applicable ANSI standard.

In DCD Tier 2 Section 9.1.5.3, the applicant states that, for the polar crane and the equipment
and maintenance hatch hoist systems, redundancy is provided for load bearing components
such as hoisting ropes, sheaves, equalizer assembly, hooks, and holding brakes. These
systems are designed to support a critical load during and after a SSE.

The spent fuel shipping cask storage pit is separated from the spent fuel pool. The spent fuel
shipping cask crane cannot move over the spent fuel pool because the crane rails do not extend
over the pool. Mechanical stops prevent the spent fuel shipping cask crane from going beyond
the ends of the rails.

In DCD Tier 2 Section 9.1.5.3, the applicant also states that a heavy load analysis is performed
to evaluate postulated load drops from HLHSs located in safety-related areas of the plant,
specifically the nuclear island. The applicant further states that no evaluations are required for
critical loads handled by the single-failure-proof containment polar crane, equipment hatch
hoist, or maintenance hatch hoist, because a load drop is unlikely. In accordance with NUREG-
0612, the heavy load analysis is meant to confirm that a postulated load drop does not cause
unacceptable damage to reactor fuel elements, or a loss of safe shutdown or decay heat
removal capability. Based on the above discussion, the staff concludes that the HLHS complies
with the requirements of GDC 61.

As described above, the staff concludes that the design of the AP1000 HLHSs is in compliance
with the requirements of GDC 2, as it relates to the ability of SSCs to withstand the effects of
natural phenomena such as earthquakes. It is also in compliance with GDC 4, as it relates to
protection of safety-related equipment from the effects of internally-generated missiles, because
in DCD Tier 2 Section 9.1.1.2.1.E, the applicant states that the fuel handling area does not
contain any credible sources of internally-generated missiles. In that the AP1000 is a single unit
design, and a COL applicant must comply with GDC 5 for a multiple-unit site, the staff finds that
the HLHSs complies with the requirements of GDC 5, relating to whether shared SSCs
important to safety are capable of performing required safety functions. The design of the
HLHSs are also in compliance with GDC 61, as it relates to the safe handling and storage of
fuel.
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9.2 Water Systems

The staff’s review of the AP1000 water systems is provided in the following sections: 9.2.1,
Service Water System; 9.2.2, Component Cooling Water System; 9.2.3, Demineralized Water
Treatment System; 9.2.4, Demineralized Water Transfer and Storage System; 9.2.5, Potable
Water System; 9.2.6, Sanitary Drainage System; 9.2.7, Central Chilled Water System; 9.2.8,
Turbine Building Closed Cooling System; 9.2.9, Waste Water System; and 9.2.10, Hot Water
Heating System.

The AP1000 design can be used at either single-unit or multiple-unit sites. Nonetheless, in
DCD Tier 2 Section 3.1.1, the applicant states that the AP1000 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.
Should a multiple-unit site be proposed, the COL applicant referencing the AP1000 design will
be required to apply for the evaluation of the units' compliance with the requirements of GDC 5,
"Sharing of Structures, Systems, and Components," with respect to the capability of shared
SSCs to perform their required safety functions.

9.2.1 Service Water System

The staff reviewed the design of the service water system (SWS) in accordance with

SRP Section 9.2.1, "Station Service Water System." However, the SWS for the AP1000 differs
from that of the traditional pressurized water reactor (PWR) designs in that the AP1000 SWS is
completely a non-safety-related system and serves no safety-related function. In traditional
PWRs, portions of the SWS were required to perform safety-related functions. The reason that
the AP1000 SWS is a non-safety-related system is that the SWS removes heat only from the
component cooling water system (CCS) which is not a safety-related system. The staff’'s
evaluation of the CCS being non-safety-related is provided in Section 9.2.2 of this report.
Therefore, the portions of SRP Section 9.2.1 that apply to safety-related systems are not
applicable for the AP1000 SWS. As for the non-safety-related SWS meeting the requirements
of GDC 2, as it relates to structures and systems being capable of withstanding the effects of
natural phenomena, acceptance is predicated on meeting the guidance of the portions of
Regulatory Position C.2 of RG 1.29, regarding non-safety-related systems.

The SWS supplies cooling water to remove heat from the CCS heat exchangers which are
located in the turbine building. The system consists of two 100-percent capacity cooling trains
of components and piping for normal power operation. Each train includes one service water
pump, one component cooling heat exchanger, one strainer, and one cooling tower cell. Cross
connections between the trains at upstream and downstream of the heat exchangers are
provided to allow either service water pump to supply cooling water to either heat exchanger,
and to allow either heat exchanger to discharge to either cooling tower. The cooling tower,
cooling tower fans, pumps, and applicable valves of the SWS are classified as AP1000 Class D,
Seismic Category NS (non-seismic). In order to provide reasonable assurance that the SWS is
operable during anticipated events, the applicant includes it in the AP1000 programs,
"Investment Protection Short-Term Availability Controls" and "Design Reliability Assurance
Program."
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The investment protection short-term availability controls (IPSAC), as described in AP1000 DCD
Tier 2 Section 16.3, "Investment Protection,” define:

. equipment that should be operable

. operational modes when the equipment should be operable

. testing and inspections that should be used to demonstrate the equipment’s operability
. operational modes that should be used for planned maintenance operations

. remedial actions that should be taken if the equipment is not operable

The design reliability assurance program (DRAP), as described in AP1000 DCD Tier 2 Section
17.4, "Design Reliability Assurance Program,"” provides confidence that availability and reliability
of the equipment are maintained throughout plant life through the maintenance rule (10 CFR
50.65, "Requirements for monitoring the effectiveness of maintenance at nuclear power
plants").

The service water pumps are centrifugal pumps driven by electric motors, each pump has a
design flow rate of 29.8 m /min (8000 gpm). These pumps take suction from the service water
pump basin through fixed screens to the pump suction piping. The service water pumps
discharge through strainers to the CCS heat exchangers. The heated SWS water from the heat
exchangers is passed through the discharge piping to the mechanical draft cooling tower, where
the system heat is rejected. The cool water, collected in the tower basin, provides the source
for the suction of service water pumps.

The power supplies for the SWS pumps and associated active components are from
independent and non-safety-related electrical buses. Each bus is capable of being supplied
from one of two onsite standby diesel generators. In the event of loss of normal ac power, the
SWS pumps and cooling tower fans, along with the associated motor operated valves, are
automatically loaded onto their associated diesel buses. The SWS, therefore, continues to
provide cooling water to the required components during the loss of normal ac power events.

The SWS operates during startup, normal plant operation, normal plant cooldown, and
refueling, and is available following a LOOP event. Under normal plant operation, one of the
two SWS trains removes the heat from one of the two CCS heat exchangers and discharges it
to the cooling tower. The standby train is automatically started on combined low-flow and low-
pressure values when the operating train fails. During accident conditions, the SWS remains in
the same operating modes as for normal operations. During plant startup, shutdown, and
refueling, both SWS trains are used.

A radiation monitor with a high alarm is provided to monitor the service water blowdown flow for
detection of potentially radioactive leakage into the SWS from CCS heat exchangers.
Provisions are also available for taking local fluid samples. If radioactive fluid is detected in the
SWS, cooling tower blowdown flow can be isolated by remote manual control.

With regard to sufficient net positive suction head (NPSH) available for SWS pumps and the
potential for water hammer, in DCD Tier 2 Section 9.2.1.2.1, "General Description," the
applicant stated that temperatures in the system are moderate and that the pressure of the
system is kept above saturation at all locations. The system pressure and temperature relation,
and other design features of the system arrangement and control of valves, ensure sufficient
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NPSH available for SWS pumps and minimize the potential for thermodynamic or transient
water hammer.

The maximum ambient air wet bulb temperature specified in DCD Tier 2 Chapter 2, "Site
Characteristics," for site interface parameters is 26.67°C (80°F). This maximum wet bulb
temperature may be applied to most U.S. plant sites. Actual site-specific data will dictate design
parameters of the cooling tower. Specific site conditions that exceed the 26.67°C (80°F) wet
bulb temperature should be accommodated by specific site analysis to adjust cooling system
capability.

In DCD Tier 2 Section 9.2.1.1.1, the applicant states that failure of the SWS or its components
will not affect the ability of any other safety-related systems to perform their intended safety
functions. Postulated breaks in the SWS piping will not impact safety-related components
because the SWS is not located in the vicinity of any safety-related equipment, and the water
from the break will not reach any safety-related equipment. Therefore, the staff finds that the
SWS complies with GDC 2 by meeting the guidance of Regulatory Position C.2 of RG 1.29 for
ensuring that the non-safety-related SWS could withstand the effects of earthquakes without
affecting safety-related systems.

As described above, the staff has reviewed the SWS in accordance with SRP Section 9.2.1.
Because the AP1000 SWS is not safety-related, and its failure does not lead to the failure of
any safety systems, the requirements of GDCs 4, 44, 45, and 46 and the guidance of

SRP Section 9.2.1, regarding safety-related systems, do not apply.

On the basis of the above review, the staff determines that the SWS design meets the
applicable provisions described in SRP Section 9.2.1. Also, the service water
system/components are classified as AP1000 Class D system; and included in the AP1000
IPSAC and DRAP programs. Therefore, the staff finds the SWS acceptable.

9.2.2 Component Cooling Water System

The staff reviewed the design of the CCS in accordance with the guidance of
SRP Section 9.2.2, "Reactor Auxiliary Cooling Water Systems."

The CCS is a non-safety-related, closed loop cooling system that transfers heat from various
nonsafety-related plant components to the SWS during normal plant operation. It also removes
heat from various safety-related components (i.e. reactor cooling pumps, CVS letdown heat
exchangers, and normal residual heat removal system (RNS) heat exchangers and pumps).
However, none of these safety-related components requires cooling water to perform its safety-
related functions. The safety-related functions of these components are limited to maintaining
primary coolant system integrity and providing reactor coolant pump coast-down capability.
Safety-related cooldown and decay heat removal functions are provided by the passive core
cooling system (PXS) and passive containment cooling system (PCS).

The CCS provides a barrier to prevent the release of radioactivity from plant components, that

handle radioactive fluid being cooled, and the environment. The CCS also provides a barrier
against leakage of service water into primary containment and reactor systems.
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The CCS consists of two trains and one component cooling water surge tank. Each train
consists of one component cooling water pump and one component cooling water heat
exchanger, as well as associated valves, piping, and instrumentation. The component cooling
water surge tank, which accommodates thermal expansion and contraction, is connected to a
shared portion of the return header. The two trains of equipment take suction from a single
return header. The discharge of each heat exchanger is routed directly to the common supply
header. Component cooling water is distributed to the components by this single supply/return
header. Loads inside containment are automatically isolated in response to a safety injection
signal which trips the reactor coolant pumps. Individual components, except the reactor coolant
pumps, can be isolated locally to permit maintenance, while supplying the remaining
components with cooling water.

The two component cooling water pumps are horizontal, centrifugal pumps. Each pump has a
design flow rate of 30.2 m /min (8000 gpm). The pumps are redundant for normal operation
heat loads. Both pumps are required for the design basis cooldown, however, an extended
cooldown can be achieved with only one pump in operation. Each pump can be aligned to
either heat exchanger. Component cooling water in the heat exchanger is provided by the
SWS, and is maintained at a higher pressure than the service water to prevent in-leakage from
service water into the system. Three motor-operated isolation valves and a check valve provide
containment isolation for the supply and return CCS lines that penetrate the containment
barrier. The motor-operated valves are normally open, and are closed upon receipt of a safety
injection signal.

The power supplies for the CCS pumps and associated active components are independent
and from non-safety-related electrical buses. In the event of loss of normal ac power, the CCS
pumps are automatically loaded on the standby diesel. The CCS, therefore, continues to
provide cooling water to the required components during the loss of hormal ac power events.

The CCS provides cooling water to the safety-related components identified above during
normal plant operation, and normal reactor shutdown and cooldown. Safety-related cooldown
and decay heat removal functions following a loss of coolant accident (LOCA) are provided by
the PXS and PCS. Therefore, the CCS serves no safety-related function, except for
containment isolation. Segments of the CCS piping that penetrate the containment and the
associated containment isolation valves are safety-related and perform a safety-related
containment isolation function, therefore, these segments are designed to accommodate
environmental and dynamic effects associated with pipe breaks and satisfy GDC 4. The
evaluation of the protection against the effects of pipe breaks is evaluated in Section 3.6.1 of
this report. Refer also to Section 3.4.1 of this report for an evaluation of the protection against
internal flooding.

DCD Tier 2 Table 3.2-3 classifies CCS pumps and valves as AP1000 Class D, Seismic
Category NS (with the exception of containment isolation valves). In addition, the CCS pumps
and valves are included in the AP1000 IPSAC and DRAP programs. The containment
penetration isolation valves are Safety Class B, as is the pipe between the isolation valves.

Based on its review, the staff agrees with the applicant that the CCS does not perform any

safety-related function except for containment isolation. Therefore, portions of
SRP Section 9.2.2 that apply to safety-related systems are not applicable for the AP1000 CCS.
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In DCD Tier 2 Section 9.2.2.1.1, the applicant states that failure of the CCS or its components
will not affect the ability of safety-related systems to perform their intended safety functions.
This conforms to the guidance of Regulatory Position C.2 of RG 1.29. Therefore, the staff
concludes that the CCS complies with the requirements of GDC 2.

GDC 44, 45, and 46 do not apply to the CCS because the CCS heat loads are not safety-
related.

The operating temperature of the CCS components will normally be well below 93.3°C (200°F),
and the pressure will be maintained above atmospheric. Because the CCS will normally
operate at temperatures and pressures that prevent formation of steam bubbles, water hammer
issues will be avoided.

On the basis of the above review, the staff determines that the CCS design meets the
applicable provisions described in SRP Section 9.2.2. Also, the CCS are included in the
AP1000 IPSAC and DRAP programs. Therefore, the staff finds the CCS acceptable.

9.2.3 Demineralized Water Treatment System

The staff reviewed DCD Tier 2 Section 9.2.3, "Demineralized Water Treatment System," in
accordance with SRP Section 9.2.3, "Demineralized Water Makeup System." The
demineralized water treatment system (DTS) is acceptable if the system is capable of providing
the required supply of reactor coolant purity water to the demineralized water transfer and
storage system (DWS). The DTS does not perform any safety-related function or accident
mitigation, and its failure would not reduce the safety of the plant.

9.2.3.1 Summary of Technical Information

The AP1000 DTS receives water from the raw water system (RWS), processes this water to
remove ionic impurities, and provides demineralized water to the DWS.

This system consists of the following major components:

. two reverse osmosis (RO) feed pumps,
. two 100 percent RO units running in series, and
. one electrodeionization (EDI) unit for secondary demineralization.

The system functional specifications for the DTS are provided in DCD Tier 2 Table 9.2.3-1,
"Guidelines for Demineralized Water (Measured at the Outlet of the Demineralized Water
Treatment System)."

9.2.3.2 Staff Evaluation

The staff evaluated the design and operational requirements of the DTS and concluded that it
includes all components associated with the system from the source of raw water to a discharge
to the DWS. In addition, the staff reviewed the system functional specifications provided in
Table 9.2.3-1 in providing the appropriate reactor water coolant purity during all conditions of
plant operation. However, high concentrations of halogens and sulfates present in the system
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can accelerate the corrosion of components in the DTS. Therefore, by letter dated
September 24, 2002, the staff sent RAI 281.002 requesting the applicant to provide the
maximum allowable concentrations of halogens and sulfates present in the system. By letter
dated December 6, 2002, the applicant responded that the range of halogens and sulfates
present in this system are as shown in Table 9.2.3-1 with the maximum values of 1 ppb for
chloride and sulfate.

The staff concluded that these maximum values for chloride and sulfate are appropriate since
these values ensure adequate reactor coolant purity during all conditions of plant operation to
keep the levels of corrasion low.

9.2.3.3 Conclusion

The design of the DTS includes the components and piping needed to collect and treat raw
water and supply it to the DWS. The staff’s review has determined that the applicant’s
proposed design criteria and design bases for the DTS is sufficient to supply adequate reactor
coolant purity water during all conditions of plant operation.

9.2.4 Demineralized Water Transfer and Storage System

The staff reviewed the DWS in accordance with the guidance of SRP Section 9.2.3.
Specifically, the staff reviewed the system to ensure its capability to provide the required supply
of reactor coolant pure makeup water to all systems. Acceptability of the DWS is based upon
meeting the guidance of Regulatory Position C.2 of RG 1.29 for non-safety-related systems, the
failure of which could affect the functioning of any safety-related system. Conformance with the
acceptance criteria of the SRP forms the basis for concluding that the DWS satisfies the
applicable requirements of GDC 2, as it relates to the system being capable of withstanding the
effects of earthquakes.

The DWS is a non-safety-related system that supplies demineralized water (through the
demineralized water storage tank) to fill the condensate storage tank and to the plant systems
that demand a demineralized water supply. The DWS primarily consists of: a 379 m?
(100,000 gallons) capacity demineralized water storage tank; a 1835 m? (485,000 gallons)
capacity condensate storage tank; two motor-driven demineralized water transfer pumps; and
two catalytic oxygen reduction units.

The demineralized water storage tank, which receives water from the DTS, supplies
demineralized water to the makeup pumps of the CVS during startup. A low level alarm on the
tank signals the plant operator to isolate demands on the tank, other than CVS supply. The
condensate storage tank serves as a reservoir to supply or receive condensate as required by
the condenser hotwell level control system. In the event of loss of main feedwater when the
deaerator storage tank is not available, the condensate storage tank will serve as a backup
water supply for the startup feedwater pumps. The condensate storage tank will provide
sufficient water to the startup feedwater system to permit eight hours of hot standby operation.
Adequate isolation is provided at all makeup demineralized water connections to safety-related
systems.
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Two catalytic oxygen reduction units are used to degasify the stored demineralized water. One
unit is provided for the demineralized water distribution system and the other unit is provided at
the condensate storage tank. A check valve, in conjunction with a block valve, is used to
prevent backflow of fluids from systems that interface with the DWS. The applicant stated that
the condensate storage tank normally contains no significant radioactive contaminants.

The DWS is classified as AP1000 Class D, Seismic Category NS, with the exception of
containment isolation valves. The containment penetration isolation valves are Safety Class B,
as is the pipe between the isolation valves.

The system has no safety-related function other than containment isolation, and its failure does
not affect the ability of safety-related systems to perform their intended safety functions.
Therefore, the design conforms to the guideline of Regulatory Position C.2 of RG 1.29.
Regulatory Position C.1 of RG 1.29 does not apply to the DWS because the system performs
no safety-related function.

Based on its review, the staff concludes that the DWS has the capability to provide an adequate
supply of reactor coolant pure makeup water to all plant systems during all modes of plant
operation. The design of the system complies with Regulatory Position C.2 of RG 1.29
concerning its seismic classification and satisfies the applicable requirements of GDC 2 with
respect to the need for protection against natural phenomena. Therefore, the staff concludes
that the DWS meets the guidance of SRP Section 9.2.3, and is acceptable.

9.2.5 Potable Water System

The staff reviewed the potable water system (PWS) in accordance with SRP Section 9.2.4,
"Potable and Sanitary Water Systems." Conformance with the acceptance criteria of the SRP
forms the basis for concluding that the PWS satisfies GDC 60, "Control of Releases of
Radioactive Materials to the Environment," as it relates to design provisions provided to control
the release of water containing radioactive material and prevent contamination of the potable
water.

The PWS is a non-safety-related system that is designed to provide clean water from the raw
water system for domestic use and human consumption. The system consists of: a carbon
steel tank with a capacity less than 37.85 m® (10,000 gallons); two motor-driven potable water
pumps; a system jockey pump; a distribution header around the power block; hot water storage
heaters; and necessary interconnecting piping and valves.

The potable water is treated to prevent harmful physiological effects and its bacteriological and
chemical quality conforms to the requirements of the Environmental Protection Agency (EPA)
"National Primary Drinking Water Standards" (40 CFR Part 141). Disinfection is provided
upstream of the potable water storage tank by the turbine island chemical feed system to
disinfect the raw water supply into the tank. The PWS distribution is in compliance with 29 CFR
1910, "Occupational Safety and Health Standards, Part 141."

In the DCD, the applicant states that no interconnections exist between the PWS and any

potentially radioactive system or any system using water for purposes other than domestic
water service. To prevent contamination of the PWS from other systems supplied by the RWS,
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the common supply from the onsite RWS will be designed to use either an air gap or reduced-
pressure-zone type backflow prevention device. Branches of the PWS supplying plumbing
fixtures, located in areas of potential radiological hazard where access is restricted, are
provided with the reduced-pressure-zone type backflow prevention devices. Therefore, the
design of the SDS satisfies GDC 60, with respect to prevention of contamination by the
radioactive waste drain system.

On the basis of its review, the staff concludes that the design of the PWS, as described above,
satisfies GDC 60 with respect to prevention of contamination by radioactive water. Therefore,
the staff concludes that the potable water system meets the guidance of SRP Section 9.2.4 and
is acceptable.

9.2.6 Sanitary Drainage System

The staff reviewed the sanitary drainage system (SDS) in accordance with SRP Section 9.2.4.
Conformance with the acceptance criteria of the SRP forms the basis for concluding that the
SDS satisfies GDC 60, as it relates to design provisions provided to control the release of
radioactive materials to the environment.

The SDS is a non-safety-related system that collects sanitary wastes from plant restrooms and
locker room facilities in the turbine building, auxiliary building, and annex building for treatment,
dilution, and discharge. The system is designed to accommodate 0.1 m* (25 gallon) per person
per day, for up to 500 persons during a 24-hour period. The system will be tested and
inspected in accordance with the Uniform Plumbing Code Section 318, issued 2000. The SDS
components, such as branch lines, lift stations, and waste treatment plant are site-specific and
outside the scope of the AP1000 design.

In the DCD, the applicant states that the SDS does not serve the facilities in radiologically
controlled areas and has no connection to the systems having the potential for containing
radioactive material. Therefore, the design of the SDS satisfies GDC 60, with respect to
prevention of contamination by the radioactive waste drain system.

Based on its review, the staff concludes that the design of the sanitary drainage system, as
described above, satisfies GDC 60 with respect to control of the release of water containing
radioactive material. Therefore, the staff concludes that the sanitary drainage system meets the
guidance of SRP Section 9.2.4, and is acceptable.

9.2.7 Central Chilled Water System
The staff reviewed the central chilled water system (VWS) in accordance with

SRP Section 9.2.2. Conformance with the acceptance criteria of the SRP forms the basis for
concluding that the central chilled water system satisfies GDC 2, 44, 45, and 46.
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The VWS is a non-safety-related system that provides chilled water to the cooling coils of the
supply air handling units and unit coolers of the following plant heating, ventilation, and air
conditioning (HVAC) systems during normal modes of plant operation:

. radiologically controlled area ventilation system

. containment recirculation cooling system

. containment air filtration system

. health physics/control access area HVAC system

. radwaste building ventilation system

. Annex | and auxiliary building nonradioactive ventilation system

The VWS also supplies chilled water to the components of the liquid radwaste system, gaseous
radwaste system, containment leakrate-test system components, secondary sampling system,
the portable and mobile radwaste system, and the electrical switchgear room and personal work
area air handling units of the turbine building ventilation system.

The plant HVAC systems require chilled water as a cooling medium to satisfy the ambient
temperature requirements for the plant. The cooling water to the chiller condensers is supplied
from the CCS. The VWS is divided into two closed-loop subsystems (i.e., the high-capacity
subsystem and the low-capacity subsystem).

The high-capacity subsystem, located in the turbine building, is the primary system to provide
chilled water to the above major HVAC systems and other plant equipment requiring chilled
water cooling. The high-capacity subsystem consists of: two 100-percent capacity chilled water
pumps; two 100-percent capacity water-cooled chillers; a chemical feed tank; an expansion
tank; and associated valves, piping, and instrumentation.

The high-capacity subsystem is arranged in two parallel trains with common supply and return
headers. Each train includes one pump and one chiller. A cross-connection at the discharge of
each pump is provided to allow for either pump to feed either chiller. During normal operation of
the subsystem, one pump/chiller train is required to provide chilled water to plant components at
a normal temperature of 4.4°C (40°F). The standby train would be started manually if the
operating train fails. The design cooling capacity of the high-capacity subsystem is founded on
the ambient design temperature of 38°C (100°F) dry bulb and 29°C (77°F) coincident wet bulb
maximum and -23°C (-10°F) minimum.

The low-capacity subsystem, located in the auxiliary building, is designed to provide chilled
water to the HVAC systems in the main control room, the technical support center, and the
Class 1E electrical equipment room. The low-capacity subsystem consists of two 100-percent
capacity chilled water loops, each with: a chilled water pump; an air-cooled chiller; an expansion
tank; and associated valves, piping, and instrumentation

This subsystem is arranged in two independent trains with separate supply and return headers.
This subsystem configuration provides 100 percent redundancy during normal plant operation
and during a LOOP. During normal operation of the subsystem, one pump/chiller train is
required to supply chilled water to the components of the nuclear island nonradioactive
ventilation system and the radiologically controlled area ventilation system at a normal
temperature of 4.4°C (40°F). In the event that one train is inoperable, the standby train can be
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manually aligned to supply chilled water to these components. The design cooling-capacity for
the low capacity subsystem is founded on the ambient design temperatures of 46°C (115°F) dry
bulb and 26.7°C (80°F) coincident wet bulb maximum.

The VWS is classified as AP1000 Class D, Seismic Category NS, with the exception of
containment isolation valves. The containment penetration isolation valves are Safety Class B,
as is the pipe between the isolation valves.

The VWS has no safety-related function other than containment isolation, and its failure does
not affect the ability of safety-related systems to perform their intended safety functions.
Therefore, the design conforms to the guideline of Regulatory Position C.2 of RG 1.29.
Compliance with Regulatory Position C.1 of RG 1.29 does not apply to the VWS because the
system performs no safety-related function.

The VWS is not required to achieve safe shutdown or to mitigate any postulated accidents and
serves no safety-related function, except for the portion of the system lines routed into the
containment that require containment isolation. The high-capacity subsystem supply and return
lines that penetrate the containment are provided with two air-operated containment isolation
valves. These valves automatically close upon receipt of a containment isolation signal. A
bypass mode, with indication in the control room, is also provided to restore containment
recirculation system cooling during containment isolation.

Because the VWS has no safety-related function, other than containment isolation, and a failure
of the system will not impact the operation of safety-related equipment, the requirements of
GDC 44, as related to the capability to transfer heat loads from safety-related systems; GDC
45, as related to inservice inspection of safety-related components and equipment; and GDC
46, as related to operational functional testing of safety-related systems or components, are not
applicable.

Based on its review, the staff concludes that the safety-related portion of the system (the
containment penetrations and the isolation valves) complies with Regulatory Position C.1 of RG
1.29 on the basis that they are designed in accordance with containment isolation provisions.
Because the system serves no safety-related function and its failure as a result of a SSE will not
reduce the functioning of any safety-related plant features, the non-safety-related portion of the
system complies with Regulatory Position C.2 of RG 1.29. Therefore, the staff concludes that
the design of the central chilled water system meets the guidance of SRP Section 9.2.2, and is
acceptable.

9.2.8 Turbine Building Closed Cooling System

The staff reviewed the design of the turbine building closed cooling system (TCS) in
accordance with applicable provisions of SRP Section 9.2.2. With respect to GDC 2, as related
to structures and systems being capable of withstanding the effects of earthquakes,
acceptance is based on meeting the guidance of Regulatory Position C.2 of RG 1.29 for non-
safety-related portions of the system. Because the TCS is not safety-related, the requirements
of GDC 4, 44, 45, and 46, as reflected in the guidance of SRP Section 9.2.2 are not applicable.
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The TCS is a closed-loop cooling water system that provides chemically treated, demineralized
water for the removal of heat from non-safety-related heat exchangers in the turbine building,
and rejects the heat to the circulating water system (CWS). The TCS which has no safety-
related function and is classified as AP1000 Class D, Seismic NS, consists of: two 100-percent
capacity pumps; three 50-percent capacity heat exchangers; a surge tank; a chemical addition
tank; and associated piping, valves, and instrumentation and controls

The TCS complies with GDC 2 by adhering to the guidance of Regulatory Position C.2 of

RG 1.29 for ensuring that failures of TCS during seismic events will not affect the performance
of any safety-related systems or components. TCS piping and components are located entirely
within the turbine building. No safety-related equipment is located in the turbine building.
Therefore, the failure of the TCS (including the effects of jet impingement and flooding) cannot
lead to the failure of any safety-related SSCs.

Because the TCS is not safety-related and its failure does not lead to the failure of any safety
systems, the TCS meets the requirements of GDC 2, on the basis of meeting Regulatory
Position C.2 of RG 1.29, as described above. Therefore, the staff concludes that the design of
the TCS meets the guidance of SRP, and is acceptable.

9.2.9 Waste Water System

The staff reviewed the waste water system (WWS) in accordance with SRP Section 9.3.3,
"Equipment and Floor Drainage System." Conformance with the acceptance criteria of the SRP
forms the basis for concluding that the WWS satisfies the requirements of GDC 2, 4, and 60.

The WWS is a non-safety-related system that collects and processes the waste water from the
equipment and floor drains in the nonradioactive building areas during plant operation and
outages. Wastes from the turbine building floor and equipment drains are collected in the two
turbine building drain tanks for temporary storage. Drainage from the diesel generator building
sumps, the auxiliary building nonradioactive sump and the annex building sump is also
collected in the turbine building sumps. The waste water from either of the two drain tanks is
then pumped to an oil separator for removal of oily waste. The oil separator has a small
reservoir for storage of the separated oily waste which flows by gravity to a waste oil storage
tank. The waste oil storage tank provides temporary storage prior to removal by truck for offsite
disposal. The waste water from the oil separator flows by gravity to a waste water retention
basin, if required, for settling of suspended solids and treatment before discharge. The effluent
in the retention basin is pumped to either the cooling tower basin or to plant outfall, depending
on the quality of the water in the waste water retention basin.

In the event that radioactivity is present in the drain tanks, a manual three-way valve allows for
the waste water to be diverted from the drain tanks to the liquid radwaste system (WLS) for
processing and disposal. A radiation monitor is installed on the common discharge piping of
the drain tank pumps to detect and isolate the contaminated waste water. The radiation
monitor will alarm upon detecting radioactivity in the waste water, and trip the drain tank pumps
and the waste water retention basin pumps. The applicant states in the DCD that provisions for
sampling the drain tanks for radioactive contamination is included in the design. Therefore, the
staff concludes that the design of the WWS satisfies GDC 60 with respect to control of the
release of water from the WWS containing radioactive material.

9-26



Auxiliary Systems

In DCD Tier 2 Section 9.2.9.5, the applicant indicates that level controls will be provided for the
building drain tanks and the waste water retention basin to prevent overflow of these waste
water collection points. High water level alarms will alert the operator to take action. Effects of
flooding resulting from system pipe breaks or component failures in the non-radiologically
controlled areas (NRCAs) are discussed in Section 3.4.1.2, "Internal Flooding" of this report.
The WWS pipe breaks or component failures were determined not be the dominant sources
that may cause internal flood in the NRCAs. In Section 3.4.1.2 of this report the staff concludes
that the applicant properly identified safety-related equipment and flood hazards in the NRCAs
and provided adequate means of protecting safety-related equipment from the identified flood
hazards in the NRCAs. Therefore, the staff concludes that the design of the WWS complies
with GDC 4 with respect to flood protection.

The staff also finds that the WWS design complies with GDC 2, as related to the ability of
withstanding the effects of earthquakes. Compliance with GDC 2 is predicated on meeting the
guidance of Regulatory Positions C.1 and C.2 of RG 1.29 concerning its seismic classification.
The WWS need not comply with Regulatory Position C.1 because the system is not safety-
related. Instead, the WWS complies with the guidelines of Regulatory Position C.2 of RG 1.29
because failure of the system during a SSE will not reduce the function of any safety-related
plant features.

Based on its review, the staff concludes that the WWS meets the NRC regulations set forth in
the following review criteria:

. GDC 2 with respect to protecting the system against natural phenomena.

. GDC 4, with respect to preventing flooding that could result in adverse effects on safety-
related systems.

. GDC 60, with respect to preventing the inadvertent transfer of contaminated fluids to the
noncontaminated drainage system for disposal.

Therefore, the design of the WWS meets the guidance of SRP Section 9.3.3, and is
acceptable.

9.2.10 Hot Water Heating System

The hot water heating system (VYS) supplies heated water to selected non-safety air handling
units and unit heaters in the plant during cold weather operation, and to the containment
recirculation fan coil units during plant outages in cold weather. During a loss of normal ac
power, the system will be powered from the onsite diesel generators. The VYS serves no
safety-related function and therefore has no nuclear safety design basis. The VYS and its
associated equipment are classified as AP1000 Class D, seismic Category NS. There are no
GDC or SRP guidelines that are directly applicable to the review of the VYS, therefore, the
staff’s review of the VYS is based on the relevant regulatory guidance and industry standards
that apply to the evaluation of the VYS.

The VYS which is a closed loop system consists of: a heat transfer package (including two
50-percent capacity heat exchangers; two 50-percent capacity system pumps; a surge tank;
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and a chemical feed tank); and a distribution system to the various HVAC systems and unit
heaters. The VYS is manually actuated and may operate when the site ambient temperature is
23°C (73°F) or below. The system uses steam source from the high-pressure turbine
crossunder piping to heat water by transferring the heat energy through the heat exchangers.
During a plant outage, the auxiliary steam taken from the auxiliary boiler is used to heat water.
The heated water is pumped to the hot water coils of the various HVAC systems and unit
heaters. Condensate from the heat exchanger is level controlled and drained to the main
condenser or auxiliary boiler feedwater system. The surge tank will maintain the minimum
system pressure above the saturation conditions at the pump suction. The chemical feed tank
has the capability to provide chemical mixing in the system for corrosion control. The makeup
water for the VYS is supplied by the DWS.

Based on its review and the facts that the VYS is a non-safety-related system, has no safety-
related function, and interfaces with only non-safety related systems, the staff concludes that
the requirements of GDC 5, 44, 45, and 46, and Appendix B of 10 CFR Part 50 are not
applicable to the VYS.

The VYS is a high energy system. Piping is shared inside the containment between VYS and
VWS. During normal plant operation, the VYS is isolated from VWS and containment. The
applicant stated that the VYS piping is generally excluded from safety-related plant areas
outside the containment. Piping of this system routed in the safety-related areas is

2.54 cm (1 in) and smaller, and is not evaluated for pipe ruptures.

The staff’s evaluation of the protection against the dynamic effects associated with the
postulated rupture of piping is addressed in Section 3.6 of this report.

The staff’s evaluation of the effects of flooding caused by postulated rupture of piping on the
safe shutdown capability of the plant is addressed in Section 3.4.1 of this report.

Based on its review, the staff concludes that:

. The VYS meets GDC 2 because it serves no safety-related function and Regulatory
Position C.2 of RG 1.29, because it interfaces with only non-safety-related systems; and
its failure will not affect the functions of the safety-related systems. Regulatory Position
C.1 of RG 1.29 is not applicable to the VYS because it is not a safety-related system.

. The VYS, as designed to industrial standards as a non-seismic Category and classified
as AP1000 Class D, is acceptable because it is not a safety-related system.

Therefore, the staff concludes that the design of the VYS is acceptable.

9.3 Process Auxiliaries

The staff’s review of the AP1000 process auxiliaries is provided in the following sections: 9.3.1,
Compressed and Instrument Air System; 9.3.2, Plant Gas System; 9.3.3, Primary Sampling
System; 9.3.4, Secondary Sampling System; 9.3.5, Equipment and Floor Drainage System;

9.3.6, Chemical and Volume Control System; and 9.4, Air-Conditioning, Heating, Cooling, and
Ventilation System.
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9.3.1 Compressed and Instrument Air System

The staff reviewed the compressed and instrument air system (CAS) in accordance with the
guidance of SRP Section 9.3.1, "Compressed Air System." Conformance with the acceptance
criteria of the SRP forms the basis for concluding whether the instrument air subsystem of the
CAS satisfies the following requirements:

. GDC 1, "Quality Standards and Records," as it relates to systems and components
being designed, fabricated, and tested to quality standards in accordance with the
importance of the safety functions to be performed.

. GDC 2, as it relates to the capability of safety-related CAS components to withstand the
effects of earthquakes.

. GDC 5, as it relates to the capability of shared systems and components to perform
required safety functions.

The AP1000 design can be used at either single-unit or multiple-unit sites. Nonetheless, in
DCD Tier 2 Section 3.1.1, the applicant states that the AP1000 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.
Should a multiple-unit site be proposed, the COL applicant referencing the AP1000 design will
be required to apply for the evaluation of the units' compliance with the requirements of GDC 5,
"Sharing of Structures, Systems, and Components,"” with respect to the capability of shared
SSCs important to safety to perform their required safety functions.

As identified in DCD Tier 2 Table 3.2-3, the CAS components, with the exception of the
containment penetration piping and isolation valves, are classified as non-nuclear safety and
non-seismic. The quality assurance requirements of Appendix B to 10 CFR Part 50 do not
apply. The containment penetration piping and isolation valves are classified as safety Class 2,
seismic Category |, quality group B. The system description, components, and flow diagrams
are provided in DCD Tier 2 Section 9.3.1, Tables 9.3.1-1 t0 9.3.1-4, and Figure 9.3.1-1,
respectively.

The CAS consists of the following subsystems:

. the instrument air system,
. the service air system, and
. the high-pressure air systems

The CAS serves no safety-related function other than containment isolation. The major
components of the CAS are located in the turbine building.

Generic Issue (Gl) 43, "Reliability of Air Systems," deals with safety aspects of air systems in
nuclear power plants. Gl 43 was resolved by the issuance of Generic Letter (GL) 88-14,
"Instrument Air Supply System Problems Affecting Safety-Related Equipment,” which requested
licensees and applicants to review the recommendations of NUREG-1275, "Operating
Experience Feedback Report," and perform a design and operations verification of the system.
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A complete discussion of how the AP1000 design addresses Gl 43 is provided in Section 20.3
of this report.

9.3.1.1 Instrument Air Subsystem

The instrument air subsystem provides high-quality instrument air, as specified in the
ANSI/Instrument Society of America (ISA) S7.3-1981, "Quality Standard for Instrument Air,"
which is specified in SRP Section 9.3.1. The intake filters for the instrument air subsystem
prevent particulates 10 microns and larger from entering the air supply to the compressors.

Sample points are provided downstream of the air dryers in the instrument air subsystem to
monitor the air quality supplied by each compressor. Periodic checks are made to assure high
quality instrument air as specified in the ANSI/ISA S7.3 standard.

Air-operated valves that are essential for safe shutdown and accident mitigation are designed to
actuate to the fail-safe position upon loss of air pressure. A list of the safety-related
air-operated valves supplied by the instrument air subsystem are identified in DCD Tier 2

Table 9.3.1-1. There are no safety-related air-operated valves that rely on safety-related air
accumulators to actuate to the fail-safe position upon loss of air pressure.

DCD Tier 2 Section 9.3.1.4 states that, during the initial plant testing prior to reactor startup,
safety systems utilizing instrument air will be tested to verify fail-safe operation of air-operated
valves upon sudden loss of instrument air or gradual reduction of air pressure, as described in
RG 1.68.3, "Preoperational Testing of Instrument and Control Air Systems." In addition, DCD
Tier 2 Section 14.2.9.4.10 states that testing is performed to verify the fail-safe positioning of
safety-related air-operated valves for sudden loss of instrument air or gradual loss of pressure,
as described in DCD Tier 2 Section 9.3.1.4.

Therefore, the AP1000 design complies with the guidance of ANSI/ISA-S7.3, as it relates to
supplying clean, dry, oil-free air to safety-related components, and the guidance of RG 1.68.3,
as it relates to the testing of the CAS. On this basis, the staff concludes that the CAS complies
with the requirements of GDC 1, with respect to systems and components important to safety
being designed, fabricated, and tested to quality standards commensurate with the importance
of the safety functions to be performed.

9.3.1.2 Service Air Subsystem

Plant breathing air requirements are satisfied by using the service air subsystem as a supply
source. Portable, individually packaged, air purification equipment can be attached to any
service air subsystem outlet to improve the service air quality to a minimum of Quality
Verification Level D as defined in ANSI/CGA G-7.1. The breathing air purification package
consists of replaceable cartridge-type filters, a pressure regulator, carbon monoxide monitoring
equipment, air supply hoses, and air supply devices. Carbon monoxide is controlled by a
catalytic conversion to carbon dioxide within the package. The service air subsystem is not
connected to the instrument air subsystem.
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9.3.1.3 High-Pressure Air Subsystem

The air compressor of the high pressure air subsystem has an integral air purification system to
produce air for high-pressure applications, This integral high-pressure air purification system
utilizes a series of replaceable cartridge-type filters to produce breathing quality air. The
high-pressure air subsystem supplies Quality Verification Level E air, as defined in ANSI/CGA
G-7.1, and periodic checks on the high-pressure air compressor are made on a regular basis to
verify that the breathing air meets these standards. Carbon monoxide is controlled by a
catalytic conversion to carbon dioxide within the package. Breathing air connections to the
high-pressure air subsystem are incompatible with the breathing air connections of the service
air subsystem to prevent attaching the portable air purification equipment to the high pressure
air subsystem.

The onsite standby diesel generators provide an alternate source of electrical power for the
high-pressure air compressor.

The high-pressure air subsystem is classified as a high-energy system. The high-pressure
compressor and receiver are located in the turbine building, which contains no safety-related
equipment or structures. Air piping in safety-related areas is one inch or less in diameter and
the dynamic consequences of a rupture are not required to be analyzed, This subsystem is not
required to operate following a design-basis accident, nor is it used for safe shutdown of the
plant.

9.3.1.4 Conclusion

Compliance with Regulatory Position C.1 of RG 1.29 is not applicable because the CAS, with
the exception of the inner and outer containment isolation valves and lines in between, is
non-safety-related. Instead, the CAS complies with Regulatory Position C.2 of RG 1.29,
because the CAS is not required to remain functional, and its failure as a result of a SSE will
not reduce the functioning of any plant feature included in items 1.A through 1.Q of Regulatory
Position C.1 of RG 1.29, to an unacceptable safety level. The SSCs are non-nuclear safety
class, but the structure housing the CAS (turbine building) is designated as seismic Category Il
and is designed and constructed so that the SSE will not cause any failure in a manner that
would adversely affect other safety systems, as stated in DCD Tier 2 Section 3.2.1 and

Table 3.2-1. Therefore, the system complies with GDC 2, as it relates to the ability of the
system to withstand the effects of earthquakes.

On the basis of the above review, the staff concludes that the CAS complies with GDC 1, 2, and
5, as referenced in SRP Section 9.3.1 and is, therefore, acceptable.

9.3.2 Plant Gas System

The plant gas system (PGS) provides hydrogen, carbon dioxide, and nitrogen gases to plant
systems as required. Other gases, such as oxygen, methane, acetylene, and argon are
supplied in smaller individual containers and are not supplied by the PGS. The hydrogen
portion of the PGS supplies hydrogen to the main plant electrical generator for cooling as well
as to other plant auxiliary systems. The carbon dioxide portion stores and supplies carbon
dioxide to the generator to purge hydrogen and air during layup or plant outages. The nitrogen
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portion of the PGS supplies nitrogen for pressurizing, blanketing, and purging various plant
components.

The PGS is required for normal plant operation and startup of the plant. The PGS serves no
safety-related function. Failure of the system does not compromise any safety-related system,
nor does it prevent safe reactor shutdown.

The main steam isolation valves (MSIVs) and the main feedwater isolation valves (MFIVs) are
safety-related valves