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Chapter 6 Engineered Safety Features

6.0 General

The Engineered Safety Features (ESF) of this plant, are those systems provided to mitigate the
consequences of postulated accidents. The features can be divided into three general groups: (1)
fission product containment and containment cooling systems; (2) Emergency Core Cooling
Systems (ECCS), and (3) control room habitability systems (CRHS). The systems in each general
group are:

1. Fission Product Containment and Containment Cooling Systems.
a. Containment System.
b. Passive Containment Cooling System (PCCS).
2. ECCS.
a. Gravity-Driven Cooling System (GDCS).
b. Automatic Depressurization System (ADS).
c. Isolation Condenser System (ICS).
d. Standby Liquid Control (SLC) system.
3. Control Room Habitability Systems.

a. Control Room Habitability Area (CRHA) Heating, Ventilation, and Air Conditioning
(HVAC) Subsystem (CRHAVS).

6.1 Design Basis Accident Engineered Safety Feature Materials

Materials used in the Engineered Safety Feature (ESF) components have been evaluated to
ensure that material interactions do not occur that can potentially impair operation of the ESF.
Materials have been selected to withstand the environmental conditions encountered during normal
operation and postulated accidents. Their compatibility with core and containment spray water has
been considered, and the effects of radiolytic decomposition products have also been evaluated.

Coatings used on exterior surfaces within the primary containment are suitable for the
environmental conditions expected. Only metallic insulation is used inside the containment. All
nonmetallic thermal insulation employed outside the containment is required to have the proper
ratio of leachable sodium plus silicate ions to leachable chloride plus fluoride (Regulatory Guide
[RG] 1.36), in order to minimize the possible contribution to stress corrosion cracking of austenitic
stainless steel.

6.1.1 Metallic Materials

This subsection addresses or references to other UFSAR locations that address the relevant
requirements of General Design Criteria (GDC) 1, 4, 14, 31, 35, and 41, Title 10, Code of Federal
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Regulations (10 CFR) Section 50.55a and Appendix B as discussed in NUREG-0800, Standard
Review Plan (SRP) 6.1.1. The plant meets the requirements of:

1. GDC 1 and 10 CFR 50.55a as they relate to quality standards being used for design,
fabrication, erection and testing of ESF components and the identification of applicable
codes and standards.

2. GDC 4 as it relates to compatibility of ESF components with environmental conditions
associated with normal operation, maintenance, testing and postulated accidents, including
loss-of-coolant-accidents.

3. GDC 14 as it relates to design, fabrication, erection, and testing of the reactor coolant
pressure boundary so as to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture.

4, GDC 31 as it relates to extremely low probability of rapidly propagating fracture and gross
rupture of the reactor coolant pressure boundary.

5. GDC 35 as it relates to assurance that core cooling is provided following a
Loss-of-Coolant-Accident (LOCA) at such a rate that fuel and clad damage that could inhibit
core cooling is prevented and that the clad metal-water reaction is limited to negligible
amounts.

6. GDC 41 as it relates to control of the concentration of hydrogen in the containment
atmosphere following postulated accidents to assure that containment integrity is
maintained.

7. Appendix B to 10 CFR Part 50, Criteria IX and XIlI, as they relate to control of special
processes and to the requirement that measures be established to control the cleaning of
material and equipment in accordance with work and inspection instructions to prevent
damage or deterioration.

6.1.1.1 Materials Selection and Fabrication

The evaluation of Reactor Coolant Pressure Boundary (RCPB) materials is provided within
Subsection 5.2.3, and Table 5.2-4 lists the principal pressure-retaining materials and the
appropriate materials specifications for the RCPB components. Table 6.1-1 lists the principal
pressure-retaining materials and the appropriate material specifications of the Containment System
including PCCS, and the ECCS.

6.1.1.2 Compatibility of Construction Materials with Core Cooling Water and Containment
Sprays

All materials of construction used in essential portions of ESF systems are resistant to corrosion,

both in the medium contained and the external environment. General corrosion of all materials,

except carbon and low-alloy steel, is negligible. Conservative corrosion allowances are provided for

all exposed surfaces of carbon and low-alloy steel.
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Demineralized water, with no additives, is employed in ESBWR core cooling water and containment
sprays. (See Subsection 9.2.3 for a description of the water quality requirements.) Leaching of
chlorides from concrete and other substances is not significant. No detrimental effects occur to any
ESF materials from allowable containment levels in the ESBWR core cooling water and
containment sprays. Thus, the materials are compatible with the post-LOCA environment.

6.1.1.3 Controls for Austenitic Stainless Steel

6.1.1.3.1 Control of the Use of Sensitized Stainless Steel
Controls to avoid severe sensitization are discussed within Subsection 5.2.3.

6.1.1.3.2 Process Controls to Minimize Exposure to Contaminants

Process controls for austenitic stainless steel including cleaning in accordance with RG 1.37 are
discussed within Subsection 5.2.3.

6.1.1.3.3 Use of Cold Worked Austenitic Stainless Steel

Austenitic stainless steels (300 series) are generally used in the solution heat-treated condition.
During bending and fabrication, the bend radius, the material hardness, and the surface finish of
ground surfaces are controlled. Where the controls are not met, the material is required to be re-
solution heat-treated.

6.1.1.3.4 Thermal Insulation Requirements

Nonmetallic thermal insulation materials used on ESF systems are selected, procured, tested and
stored in accordance with RG 1.36. Insulation is required to have the proper ratio of leachable
sodium plus silicate ions to leachable chloride plus fluoride ions as described in RG 1.36.

6.1.1.3.5 Avoidance of Hot Cracking of Stainless Steel
Process controls to avoid hot cracking are discussed in Subsection 5.2.3.4.2.

6.1.1.4 Composition, Compatibility and Stability of Containment and Core Coolants
Demineralized water from the condensate storage tank or the suppression pool, with no additives is
employed in the core cooling water and containments sprays (Subsections 9.2.3 and 9.2.6). One
exception is that the sodium pentaborate liquid control solution, which if used, enters through the
Standby Liquid Control system sparger system.

The post-LOCA ESF coolant, which is high-purity water, comes from one of two sources. Water in
the 304 L stainless steel-lined GDCS pools and suppression pool is maintained at high purity (low
corrosion attack) by the Fuel and Auxiliary Pools Cooling System (FAPCS). See Subsection 9.1.3
for further details. Because impurity levels in the water are controlled and the design pH range
(5.6-8.6) is maintained, corrosive attack on the pool liner (304L SS) is insignificant over the life of
the plant (Subsection 3.8.1.4).
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Because of the methods described above (coolant storage provisions, insulation materials
requirements, and the like), as well as the fact that the containment has no significant stored
quantities of acidic or basic materials, the post-LOCA aqueous phase pH in all areas of
containment remains remain within an acceptable design basis range throughout the event. As a
result, post-LOCA hydrogen generation due to corrosion is considered negligible.

6.1.2 Organic Materials

Relevant to organic materials, this subsection addresses or references to other locations that
address the relevant requirements of Appendix B to 10 CFR Part 50 as it relates to the quality
assurance requirements for the design, fabrication and construction of safety-related structures,
systems and components. The coating systems applied inside the containment meet the regulatory
positions of RG 1.54 and the standards of ASTM D 5144, as applicable.

6.1.2.1  Protective Coatings

The use of organic protective coatings within the containment has been kept to a minimum. The
major use of such coatings is on the carbon steel containment liner, internal steel structures,
equipment and pipe supports inside the drywell (DW) and wetwell (WW).

Consistent with the rationale of RG 1.54, the WW and attendant vertical vents are designated as a
Service Level | area. All surfaces and equipment in this area are either uncoated, corrosion
resistant stainless steel, or coated in accordance with RG 1.54 and referenced ASTM standards, as
applicable.

The remainder of the containment, (i.e., the upper and lower DW and annulus areas) are physically
separated from the Service Level | area, such that there is no practicable method by which coating
debris may reach any strainer or screen in the suppression pool. Protective covers over the vertical
vents prevent debris from being swept directly into the WW. Debris which might originate inside the
annulus or be carried into the annulus and lower DW, has sufficient time to settle before water
levels there can reach the spillover holes to the vent wells and WW. Due to these design features,
the failure of coatings in the upper and lower DW, and areas in between, cannot adversely affect
the operation of any post-accident fluid system

Regardless of service level designation, all field applied epoxy coatings inside containment meet
the requirements of RG 1.54 and are qualified using the standard ASTM tests, as applicable to
procurement, installation, and maintenance.

6.1.2.2  Other Organic Materials

Materials used in or on the ESF equipment have been reviewed with respect to radiolytic and
pyrolytic decomposition and attendant effects on safe operation of the system. For example,
fluorocarbon plastic (Teflon) is not permitted in environments that reach temperatures greater than
149°C (300°F), or radiation exposures above 100 Gy (104 rads).
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Other organic materials in the containment are qualified to environmental conditions in the
containment.

6.1.2.3 Evaluation

For each application, the materials have been specified to withstand an appropriate radiation dose
for their design life, without suffering any significant radiation-induced damage. The specified
integrated radiation doses are consistent with those listed in Section 3.11.

In addition, since the containment post-accident environment consists of mostly hot water, nitrogen,
and steam, no significant chemical degradation of these materials is expected, nor should be
because of strict application of inspection and testing. Solid debris from the organic materials
discussed is not expected to be generated to any significant extent and cannot practicably reach
any strainer or screen in the suppression pool.

6.1.3 Combined License (COL) Information

6.1-1-A  Protective Coatings and Organic Materials (Deleted)
None.

6.1.4 References
None.
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Table 6.1-1 Containment System Including PCCS, and ECCS Component
Materials (Sheet 1 of 3)

Applicable ASME Specification
Component Code Section lll, |Form Material (ASTM/ASME)
Containment
Containment Vessel |Div 2, Subsection CC | Plate Carbon Steel See Subsection 3.8.1.6.4
Liner

Div 2, Subsection CC | Plate Stainless Steel See Subsection 3.8.1.6.4
Penetrations Div 1, Subsection NE | Plate Carbon Steel See Subsection 3.8.2.6

Div 1, Subsection NE | Pipe Carbon Steel See Subsection 3.8.2.6
GDCS and Div 2, Subsection CC | Plate Stainless Steel See Subsection 3.8.1.6.4 and

Suppression Pool
Liner

Subsection 3.8.3.6.5

(Deleted)

Drywell Head,
Personnel Lock,
Equipment Hatch

Div 1, Subsection NE

See Subsection
3.8.2.6

See Subsection
3.8.2.6

See Subsection 3.8.2.6

Piping Inside
Suppression Pool

Structural Steel Div 1, Subsection NE | Shapes Carbon Steel A 36,A 572 Gr 50

Vent Pipe Div 1, Subsection NE | Plate Stainless Steel SA-240 Gr 304L

PCCS

Condenser and Div 1, Subsection NE | Forging Stainless Steel SA-182 Gr F304L, SA-182 Gr
associated piping FXM-19, SA-336 F316

that are part of the Tube Stainless Steel | SA-312 Gr XM-19
containmentpressure

boundary Pipe Stainless Steel SA-312 Gr TP304L

Nuts and Bolts Bar Stainless Steel SA-564 Gr 630

Piping (in drywell) Div 1, Subsection NC | Pipe Stainless Steel SA-312 Gr TP304L
Flanges Div 1, Subsection NC | Forging Stainless Steel SA-182 Gr F304L

Nuts and Bolts Div 1, Subsection NC | Bar Stainless Steel SA-194 Gr 8, SA-193 Gr B8
ADS

DPV Body Div 1, Subsection NB | See Table 5.2-4

Safety Relief Valve Div 1, Subsection NB | See Table 5.2-4

(SRV) Body

SRV Discharge Div 1, Subsection ND | Pipe Carbon Steel SA-106 Gr B

Piping Outside

Suppression Pool

SRV Discharge Div 1, Subsection ND | Pipe Stainless Steel SA-312 Gr TP316L"

GDCS

Check valve and
downstream piping

Div 1, Subsection NB

See Table 5.2-4
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Table 6.1-1 Containment System Including PCCS, and ECCS Component
Materials (Sheet 2 of 3)
Applicable ASME Specification
Component Code Section lll, |Form Material (ASTM/ASME)
Piping-upstream of Div 1, Subsection NC | Pipe Stainless Steel SA-376 Gr TP304L or TP316L"
check valve SA-312 Gr TP304L or TP316L"
SA-358 Gr TP304L or TP316L"
Fittings Same as mating pipe | Forging Stainless Steel SA-182 Gr F304L or F316L"
SA-403 WP 304L or WP 316L"
Flanges Same as mating pipe | Forging Stainless Steel SA-182 Gr F304L or F316L"
Valves
Gate, Squib, Check |Div 1, Subsection NB | See Table 5.2-4
ICS
Condenser Div 1, Subsection NC | Pipe Nickel Base Alloy | SB-167 per ASME Code Case
N-580-1
Header Nickel Base Alloy | SB-564 per ASME Code Case
N-580-1
Steam Piping Div 1, Subsection NB | See Table 5.2-4
Condensate Piping Div 1, Subsection NB | See Table 5.2-4
SLC
Accumulator Div 1, Subsection NC | Plate Low Alloy Steel SA-533 GrB Cl 2
Forging with Stainless SA-508 Gr 3 CI1
Steel Cladding
Injection valve and Div 1, Subsection NB | See Table 5.2-4
downstream piping
Piping- upstream of | Div 1, Subsection NC | Pipe Stainless Steel SA-312 Gr TP316L"
injection valve
Weld Filler Metals
Carbon Steel P1, G1 | Same as the Covered SFA-5.1 E7018
component being Electrodes or SFA-5.18 ER70S-2
welded Filler Wire ER70S-3
ER70S-6
Carbon Steel P1, G2 | Same as the Covered SFA-5.1 E7018
component being Electrodes or
welded Filler Wire SFA-5.18 ER70S-2
SFA-5.28 ER80S-D2
Low Alloy Steel P3, Same as the Covered SFA-5.5 E8018-C3
G3 component being Electrodes or
welded Filler Wire SFA-5.1 E7018
SFA-5.28 ER80S-D2
SFA-5.18 ER70S-2
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Table 6.1-1 Containment System Including PCCS, and ECCS Component
Materials (Sheet 3 of 3)
Applicable ASME Specification
Component Code Section lll, |Form Material (ASTM/ASME)
Stainless Steel Filler | Same as the Covered SFA-5.4 E308L-16
component being Electrode or Filler E309L-16
welded Wire E316L-16
SFA-5.9
ER308L
ER309L
ER316L
Nickel Alloy Filler Same as the Filler Wire SFA-5.14 ERNICr-3
component being
welded
Note:

Carbon content not to exceed 0.020% for components exposed to reactor water that exceeds
93°C (200°F) during normal plant operation.
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6.2 Containment Systems

6.2.1 Containment Functional Design

6.2.1.1 Pressure Suppression Containment

Relevant to ESBWR pressure suppression containment system, this subsection addresses or
references to other locations that address the applicable requirements of GDC 4, 16, 50, and 53
discussed in NUREG-0800, SRP 6.2.1.1.C. The plant meets the requirements of:

1. GDC 4, as it relates to the environmental and missile protection design, requires that
safety-related structures, systems, and components be designed to accommodate the
dynamic effects (for example, effects of missiles, pipe whipping, and discharging fluids that
may result from equipment failures) that may occur during normal plant operation or
following a loss-of-coolant-accident.

2. GDC 16 and 50, as they relate to the containment being designed with sufficient margin,
require that the containment and its associated systems can accommodate, without
exceeding the design leakage rate and with sufficient margin, the calculated pressure and
temperature conditions resulting from any loss-of-coolant-accident.

3. GDC 53 as it relates to the containment design capabilities provided to ensure that the
containment design permits periodic inspection, an appropriate surveillance program, and
periodic testing at containment design pressure.

6.2.1.1.1 Design Bases

The pressure suppression containment system, which comprises the DW and WW and supporting
systems, is designed to meet the following Safety Design Bases:

* The containment structure shall maintain its functional integrity during and following the peak
transient pressures and temperatures, which would occur following any postulated LOCA. A
Design Basis Accident (DBA) is defined as the worst pipe break, which leads to maximum DW
and WW pressure or temperature, and is postulated to occur simultaneously with loss of
preferred power. For structural integrity evaluation, Safe Shutdown Earthquake (SSE) loads are
combined with LOCA loads.

* The containment structure design shall accommodate the full range of loading conditions
consistent with normal plant operation, safety relief valve (SRV) discharge and accident
conditions including the LOCA related design loads.

* The containment structure is designed to accommodate the maximum internal negative
pressure difference between DW and WW, and the maximum external negative pressure
difference relative to the reactor building (RB) surrounding the containment.

» The containment structure and RB, with concurrent operation of containment isolation function
(isolation of pipes or ducts which penetrate the containment boundary) and other accident
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mitigation systems, shall limit fission product leakage during and following the postulated DBA to
values less than leakage rates which would result in offsite doses greater than those set forth in
10 CFR 52.47.

* The containment structure shall withstand coincident fluid jet forces associated with the flow
from the postulated rupture of any pipe within the containment.

* The containment structure shall accommodate flooding to a sufficient depth above the active
fuel to maintain core cooling and to permit safe removal of the fuel assemblies from the reactor
core after the postulated DBA.

» The containment structure shall be protected from or designed to withstand hypothetical missiles
from internal sources and uncontrolled motion of broken pipes, which could endanger the
integrity of the containment.

» The containment structure shall direct the high energy blowdown fluids from postulated LOCA
pipe ruptures in the DW to the pressure suppression pool and through the PCCS condensers.

» The containment system shall allow for periodic tests at the calculated peak or reduced test
pressure to measure the leakage from individual penetrations, isolation valves and the
integrated leakage rate from the containment structure to confirm the leak-tight integrity of the
containment.

+ The Containment Inerting System establishes and maintains the containment atmosphere to <
3% by volume oxygen during normal operating conditions to ensure inert atmosphere operation.

* PCCS shall remove post-LOCA decay heat from the containment for a minimum of 72 hours,
without operator action, to maintain containment pressure and temperature within design limits.

6.2.1.1.2 Design Features

The containment structure is a reinforced concrete cylindrical structure, which encloses the Reactor
Pressure Vessel (RPV) and its related systems and components. Key containment components and
design features are exhibited in Figures 6.2-1a through 6.2-5. The containment structure has an
internal steel liner providing the leak-tight containment boundary. The containment is divided into a
DW region and a WW region with interconnecting vent system. The functions of these regions are
as follows:

+ The DW region is a leak-tight gas space, surrounding the RPV and reactor coolant pressure
boundary, which provides containment of radioactive fission products, steam, and water
released by a LOCA, prior to directing them to the suppression pool via the DW/WW Vent
System. A relatively small quantity of DW steam is also directed to the PCCS during the LOCA
blowdown.

+ The WW region consists of the suppression pool and the gas space above it. The suppression
pool is a large body of water to absorb energy by condensing steam from SRV discharges and
pipe break accidents. The pool is an additional source of reactor water makeup and serves as a
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reactor heat sink. The flow path to the WW is designed to entrain radioactive materials by
routing fluids through the suppression pool during and following a LOCA. The gas space above
the suppression pool is leak-tight and sized to collect and retain the DW gases following a pipe
break in the DW, without exceeding the containment design pressure.

The DW/WW Vent System directs LOCA blowdown flow from the DW into the suppression pool.

The containment structure consists of the following major structural components: RPV support
structure (pedestal), diaphragm floor separating DW and WW, suppression pool floor slab,
containment cylindrical outer wall, cylindrical vent wall, containment top slab, and DW head. The
containment cylindrical outer wall extends below the suppression pool floor slab to the common
basemat. This extension is not part of containment boundary; however, it supports the upper
containment cylinder. The reinforced concrete basemat foundation supports the entire containment
system and extends to support the RB surrounding the containment. The refueling bellows, which is
treated as a mechanical component, is an all steel, permanent installation with primary and
secondary seals that are fabricated from stainless steel for corrosion resistance. The refueling
bellows extends from the lower flange of the reactor vessel to the interior of the reactor cavity, and
provides a 360° structural barrier to prevent leakage from the reactor cavity into the DW. This
extension is also not part of the containment boundary, however, it provides a Seismic Category |
seal between the upper DW and reactor well during a refueling outage.

The design parameters of the containment and the major components of the containment system
are given in Tables 6.2-1 through 6.2-4. A detailed discussion of their structural design bases is
given in Section 3.8.

Refueling Cavity Bellows Seal

As shown in Figure 6.2-35, the RPV is fabricated to include a refueling bellows skirt, and the
refueling bellows is installed as a module that is welded to the lower horizontal flange of the RPV
refueling bellows skirt. The connections to the drywell bulkhead are also fully welded using AWS
standards. The final assembly contains welded connections that provide a permanent barrier to
leakage and can only leak if there is a through-wall defect. A spring-loaded secondary seal is
provided to prevent leakage into the drywell in the event a leak occurs through the primary seal.
The bellows structure is vertically oriented with a corrugated configuration that is designed to be
flexible under differential thermal expansion and seismic motion. The bellows material meets
ASME/ASTM standards, and bellows examinations are in accordance with Section Il of the ASME
BPV Code. The bellows assembly is located below the RPV flange such that it cannot interfere with
the removal of core components for refueling. Normally open leak detection connections are
located on the dry side of the bellows for continuous leakage monitoring.

Cover plates are provided for the bellows to protect against objects (e.g., a fuel assembly) that may
be dropped during refueling. The cover plates remain in place during operation, but are designed to
be readily removable. In addition, the bellows assembly has a plate over the vertically oriented
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bellows, which provides further protection in the event the cover plates are removed for cleaning or
inspection. Routine maintenance and inspection of the bellows is performed based on supplier
recommendations.

As the bellows configuration is not susceptible to dropped objects, any seal failures would likely be
related to normal wear or fatigue. All bellows materials are designed to have a 60-year design life.
For shop welds, all welding procedures and welder qualifications are in accordance with Section 1X
of the ASME Code, with any exceptions approved prior to execution. Any leakage due to fatigue or
weld failure would not result in a rapid drain down event and would be easily detectible and isolable.
As mentioned above, leak detection is provided on the dry side of the bellows, and a second seal is
in place that prevents leakage into the drywell in the event of bellows leakage.

Pool level on the refuel floor is constantly monitored, and alarms are provided in the event level
drops. The buffer pool is equipped with safety-related water level sensors that alarm the operators if
the pool level is below normal. Operators also have the ability to provide makeup water and
suspend refueling operations, as needed. In addition to pool level alarms, the drywell sump
provides alarms in the event excess water is present.

Drywell

The DW (Figure 6.2-1a) comprises two volumes: (1) an upper DW volume surrounding the upper
portion of the RPV and housing the main steam and feedwater piping, GDCS pools (see Figure
6.2-3 for pool arrangement) and piping, PCCS piping, ICS piping, SRVs and piping,
Depressurization Valves (DPVs) and piping, DW coolers and piping, and other miscellaneous
systems; and (2) a lower DW volume below the RPV support structure housing the lower portion of
the RPV, fine motion control rod drives, other miscellaneous systems and equipment below the
RPV, and vessel bottom drain piping.

The upper DW is a cylindrical, reinforced concrete structure with a removable steel head and a
diaphragm floor constructed of steel girders with concrete fill. The RPV support structure separates
the lower DW from the upper DW. There is an open communication path between the two DW
volumes via upper DW to lower DW connecting vents, built into the RPV support structure.
Penetrations through the liner for the DW head, equipment hatches, personnel locks, piping,
electrical and instrumentation lines are provided with seals and leak-tight connections.

The DW is designed to withstand the pressure and temperature transients associated with the
rupture of any primary system pipe inside the DW, and also the negative differential pressures
associated with containment depressurization events, when the steam in the DW is condensed by
the PCCS, the GDCS, the FAPCS, and cold water cascading from the break following post-LOCA
flooding of the RPV.
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For a postulated DBA, the calculated DW pressure in Table 6.2-5 is below the design value shown
in Table 6.2-1. The structure stresses are evaluated in Section 3G.5 considering the DW fluid
temperature transients for multiple break locations.

Three vacuum breakers are provided between the DW and WW. The vacuum breaker is a
process-actuated valve, similar to a check valve (Figure 6.2-28). The purpose of the DW-to-WW
vacuum breaker system is to protect the integrity of the diaphragm floor slab and vent wall between
the DW and the WW, and the DW structure and liner, and to prevent back-flooding of the
suppression pool water into the DW. The vacuum breaker is provided with redundant proximity
sensors to detect its closed position. One out of the three vacuum breakers is required to perform
vacuum relief function. The third vacuum breaker provides redundancy while the second vacuum
breaker provides single failure protection for opening. On the upstream side of each vacuum
breaker, pneumatically operated fail-as-is safety-related isolation valves are provided to isolate a
leaking (not fully closed) or stuck open vacuum breaker. During a LOCA, when the vacuum breaker
opens and allows the flow of gas from WW to DW to equalize the DW and WW pressure and
subsequently does not fully close as detected by the proximity sensors, a control signal closes the
upstream isolation valve to prevent bypass leakage through the vacuum breaker and therefore
maintain the pressure suppression capability of the containment.

In addition to the proximity sensors, there are temperature sensors located on and in the vacuum
breaker/vacuum breaker isolation valve assembly. See Figure 6.2-28 for approximate temperature
sensor locations and sensor terminology. These sensors will detect a rise in temperature between
the vacuum breaker and the end of the penetration on the wetwell side due to the hot DW gas
leaking past a not fully closed vacuum breaker. When the difference between the cavity
temperature, Tcavity, and the wetwell temperature, Tww, exceeds a fraction of the difference
between the drywell temperature, Tdw(1), and wetwell temperature, Tww, a signal is sent to the
vacuum breaker isolation valve to close. The bulk drywell temperature, Tdw(2), (Figure 6.2-28) is
measured separately from the vacuum breaker/vacuum breaker isolation valve assembly and is
used to detect LOCA conditions and acts as a permissive to allow the vacuum breaker isolation
valve logic to function.

The corresponding bypass leakage area that the temperature sensors will detect to close a vacuum
breaker isolation valve is a maximum analytical limit of 0.6 cm? (AWK) (Reference 6.2-15). Closing
each vacuum breaker isolation valve at this bypass leakage assures the analytical limit of 2 cm?
(A/VK) of total bypass leakage will not be exceeded in the unlikely scenario of three vacuum
breakers not fully closing. This scenario assumes more than one single failure will occur which is
beyond design basis accident requirements.

Each vacuum breaker isolation valve logic subsystem is located in physically separate divisional
rooms or compartments that have appropriate fire barriers between them. The isolation valve can
also be manually opened or closed. For more discussion on the logic control of the vacuum breaker
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isolation valves, see Subsection 7.3.6. The design WW-to-DW pressure difference and the vacuum
breaker opening differential pressure are given in Table 6.2-1.

The vacuum breaker and vacuum breaker isolation valves are protected from pool swell loads by
structural shielding/debris screen designed for pool swell loads determined based on the Mark II/llI
containment design. Both valves are located in the DW and connected to the WW gas space by a
penetration through the diaphragm floor. The structural shielding/debris screen is located in the
WW gas space at the inlet side of the penetration.

A safety-related PCCS is incorporated into the design of the containment to remove decay heat
from DW following a LOCA. The PCCS uses six elevated heat exchangers (condensers) that are an
integral part of the containment boundary located in large pools of water outside the containment at
atmospheric pressure to condense steam that has been released to the DW following a LOCA. This
steam is channeled to each of the condenser tube-side heat transfer surfaces where it condenses
and the condensate returns by gravity flow to the GDCS pools. Noncondensable gases are purged
to the suppression pool via vent lines. The PCCS condensers are an integral part of the
containment boundary, do not have isolation valves, and start operating immediately following a
LOCA. These low pressure PCCS condensers provide a thermally efficient heat removal
mechanism. No forced circulation equipment is required for operation of the PCCS. Steam
produced, due to boil-off in the pools surrounding the PCCS condensers, is vented to the
atmosphere. There is sufficient inventory in these pools to handle at least 72 hours of decay heat
removal. The PCCS is described and discussed in detail in Subsection 6.2.2.

The containment design includes a Drywell Cooling System (DCS) to maintain DW temperatures
during normal operation within acceptable limits for equipment operation as described in
Subsection 9.4.8.

Protection against the dynamic effects from the piping systems is provided by the DW structure.
The DW structure provides protection against the dynamic effects of plant-generated missiles
(Section 3.5).

An equipment hatch for removal of equipment during maintenance and an air lock for entry of
personnel are provided in both the lower and upper DW. These access openings are sealed under
normal plant operation and are opened when the plant is shut down for refueling and/or
maintenance.

During normal operation, the Containment Inerting System has a nitrogen makeup subsystem,
which automatically supplies nitrogen to the WW and the DW to maintain a slightly positive
pressure to preclude air in-leakage from the surrounding RB region. Before personnel can enter the
DW, it is necessary to de-inert the DW atmosphere. The Containment Inerting System provides the
purge supply and exhaust subsystems for de-inerting, and is discussed in Subsection 6.2.5.2.
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Wetwell

The WW is comprised of a gas volume and suppression pool water volume. The WW is connected
to the DW by a vent system comprising twelve vertical/horizontal vent modules. Each module
consists of a vertical flow steel pipe, with three horizontal vent pipes extending into the suppression
pool water (Figures 5.2-3 and 6.2-5). Each vent module is built into the vent wall, which separates
the DW from the WW (Figure 6.2-1a). The WW boundary is the annular region between the vent
wall and the cylindrical containment wall and is bounded above by the DW diaphragm floor.
Normally wetted surfaces of the liner in the WW are stainless steel and the rest are carbon steel.

The suppression pool water is located inside the WW region. The vertical/horizontal vent system
(Figures 5.2-3 and 6.2-5) connects the DW to the suppression pool.

The spillover function provides DW to WW connection for limiting suppression pool drawdown and
the holdup volume in the DW by transferring water from the DW annulus to the suppression pool.
Spillover is accomplished by twelve horizontal holes (200 mm nominal diameter (8 inch nominal
diameter)) which are built into the vent wall connecting the drywell annulus with each vertical vent
module. Each spillover hole is horizontally oriented with an elevation as shown in Figure 3G.1-57.. If
water, ascending through the DW annulus following a postulated LOCA, reaches the spillover
holes, it flows into the suppression pool via the vertical/horizontal vent modules. Once in the
suppression pool, the water can be used to maximum advantage for accident mitigation (that is, by
restoration of RPV inventory). Figure 5.2-3 shows the location of the spillover holes.

In the event of a pipe break within the DW, the increased pressure inside the DW forces a mixture
of noncondensable gases, steam and water through either the PCCS or the vertical/horizontal vent
pipes and into the suppression pool where the steam is rapidly condensed. The noncondensable
gases transported with the steam and water are contained in the free gas space volume of the WW.

Performance of the pressure suppression concept in condensing steam under water (during LOCA
blowdown and SRV discharge) has been demonstrated by a large number of tests, as described in
Reference 3B-1.

The SRVs discharge steam through their discharge piping (equipped with quencher discharge
device) into the suppression pool. Operation of the SRVs is intermittent, and closure of the valves
with subsequent condensation of steam in the discharge piping can produce a partial vacuum,
thereby drawing suppression pool water into the exhaust pipes. Vacuum relief valves are provided
on the discharge piping to limit reflood water levels in the SRV discharge pipes, thus controlling the
maximum SRV discharge bubble pressure resulting from a subsequent valve actuation and water
clearing transient.

The WW design absolute pressure and design temperature are shown in Table 6.2-1. Table 6.2-2
shows the normal plant operating conditions for the allowed suppression pool water and WW
airspace temperature.
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After an accident, two nonsafety-related systems are available to provide long-term containment
cooling. These systems are FAPCS and Reactor Water Cleanup (RWCU). Heat is removed via
either the FAPCS or RWCU nonregenerative heat exchanger(s) to the Reactor Component Cooling
Water System (RCCWS) and finally to the Plant Service Water System (PSWS). This FAPCS
function is described in Subsection 9.1.3, while for RWCU, this function is described in Subsection
5.4.8. The nonregenerative heat exchanger capacity used for the containment pressure response
analysis, is specified in Table 5.4-3.

There is sufficient water volume in the suppression pool to provide adequate submergence over the
top of the upper row of horizontal vents, as well as the PCCS return vent, when water level in RPV
reaches one meter above the top of active fuel and water is removed from the pool during
post-LOCA equalization of pressure between RPV and the WW. Water inventory, including the
GDCS, is sufficient to flood the RPV to at least one meter above the top of active fuel.

6.2.1.1.3 Design Evaluation

Summary Evaluation

The key design parameters for the containment and their calculated values under the DBA
conditions are shown in Tables 6.2-1 and 6.2-5, respectively. Scaling analyses documented in
Reference 6.2-9 show that the sub-scale integral test facilities, i. e., GIRAFFE/He and PANDA,
adequately simulate the phenomena important to the post-LOCA long-term cooling of the ESBWR
containment.

The evaluation of the containment design is based on the analyses of a postulated instantaneous
guillotine rupture of a feedwater line, a main steam line, a GDCS injection line, and a bottom head
drain line. For plant operation with nominal feedwater temperature, the analysis results are
discussed in this subsection. For plant operation with feedwater temperature maneuvering
(increase and reduction), the limiting breaks were evaluated and results are discussed in Reference
6.2-7. Specifically, the initial feedwater temperature is varied from 160°C (320°F) to 252.2°C (486°F)
for the bounding Feedwater Line Break (FWLB) and Main Steam Line Break (MSLB) analyses with
failure of one SRV. The calculations are run for 72 hours, and the maximum DW pressure remains
below the design pressure as shown in Table 6.2-1 with adequate margin, similar to those shown in
Table 6.2-5. The variation of the maximum DW pressure is small with respect to the initial feedwater
temperature.

Table 6.2-6 provides the nominal and bounding values for the plant initial and operating conditions
for this evaluation. This evaluation utilizes the GE Hitachi Nuclear Energy (GEH) computer code
TRACG (Reference 6.2-1). Nuclear Regulatory Commission (NRC) has reviewed and approved the
application of TRACG to ESBWR LOCA analyses, per the application methodology outlined in the
report. The confirmatory items in the Staff's Safety Evaluation Report (SER) (Reference 6.2-1)
concerning the TRACG computer code are addressed and provided in References 6.2-3, 6.2-4, and
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6.2-11. TRACG is applicable to LOCAs covering the complete spectrum of pipe break sizes, from a
small break accident to a DBA, and covering the entire LOCA transient including the blowdown
period, the GDCS period and the long-term cooling PCCS period.

The expected operating range of drywell temperature is from 46.1°C (115°F) to 57.2°C (135°F).
Cooler initial temperature represents more initial inventory for the noncondensable gases, and
consequently higher long-term containment pressure. Therefore, the analyses were performed at
46.1° C (115°F) as given in Table 6.2-6 to ensure conservative peak drywell pressure.

The lower bound on the relative humidity in the drywell is 20% as given in Table 6.2-6. The lower
bound value was selected for the analyses, because a lower initial drywell relative humidity results
in more noncondensable gases available to be transferred to the wetwell and higher containment
pressures following the LOCA.

Containment Design Parameters

Tables 6.2-1 through 6.2-4 provide a listing of key design and operating parameters of the
containment system, including the design characteristics of the DW, WW and the pressure
suppression vent system and key assumptions used for the design basis accident analysis.

Tables 6.3-1 through 6.3-2 provide the performance parameters of the related ESF systems, which
supplement the design conditions of Table 6.2-1, for containment performance evaluation. Table
15.2-23 provides the response time limits for initiation signals used/assumed in accident analyses.

ESBWR Core Decay Heat

The ESBWR core decay heat is generated based on the American National Standards Institute
(ANSI)/American Nuclear Society (ANS)-5.1-1994 standard with additional terms to account for a
more complete shutdown power assessment. The heat sources considered include decay heat
from fission products, actinides and activation products; as well as fission power from delayed and
prompt neutrons immediately after shutdown. The effect of neutron capture in fission products is
considered. However, initial energy stored in the fuel assembly and heat from metal-water reaction
during severe accident are not considered in the decay heat calculations.

The input parameters for the ESBWR decay heat calculation are derived based on the equilibrium
core design. Additional safety margins are added to the core parameters in order to bound future
cycle variations as well as other fuel product lines with similar parameters. The fuel type assumed
in the ESBWR decay heat calculation is GE14E. A constant power irradiation for 3.8 years to reach
end-of-cycle exposure of 32 GWd/ST (35.3 GWd/MT) is assumed prior to shutdown. The shutdown
mode assumed in the ESBWR decay heat is consistent with a design-basis large break LOCA.

The decay heat modeling for the break LOCA events discussed in this chapter, including the listed
fission power after shutdown or decay heat values is consistent, adequate and applicable to the
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entire LOCA break spectrum due to conservatisms included in its application (Figure 6.2-8c). These
values represent the core average decay heat at the end-of-cycle.

Accident Response Analysis

The containment functional evaluation is based upon the consideration of a representative
spectrum of postulated accidents, which would result in the release of reactor coolant to the
containment. These accidents include:

* Liquid Breaks

— An instantaneous guillotine rupture of a feedwater line

— An instantaneous guillotine rupture of a GDCS line

— Aninstantaneous guillotine rupture of a vessel bottom drain line
+ Steam Breaks

— Aninstantaneous guillotine rupture of a main steamline

Containment design basis calculations are performed for a spectrum of possible pipe break sizes
and the results show that the Double-Ended Guillotine (DEG) pipe break is limiting. Table 6.2-5
summarizes the results of these DEG pipe break calculations. Subsections 6.2.1.1.3.1 through
6.2.1.1.3.5 discuss the results of these calculations. Additional TRACG outputs for the limiting
break base case (main steam line break), e.g., the transient air mass profiles in different regions
such as the gravity driven cooling system, DW head, and WW airspaces were generated. Also,
additional parametric cases were performed to evaluate the impact of various model/plant
parameters on the long-term containment pressure. The results of these additional outputs and
parametric analyses are detailed in Appendix 6H.

6.2.1.1.3.1 Feedwater Line Break - Nominal Analysis

This analysis initializes the RPV and containment at the base conditions shown in the Nominal
Value column of Table 6.2-6. Figures 6.2-6 and 6.2-7 show the TRACG nodalization of the RPV and
the containment. Its fundamental structure is an axisymmetric "VSSL" component with 42 axial
levels and eight radial rings. The inner 4 rings in the first 21 axial levels represent the RPV; the
outer 4 rings in these levels are not utilized in the calculations. Axial levels 22 to 35 represent the
DW, suppression pool, WW, and GDCS pools (Figure 6.2-7). Axial levels 36 to 42 represent the
IC/PCCS pool, expansion pools, and the Equipment Storage pool. Figure 6.2-8 shows the
nodalization for the steam line system, including the SRVs and DPVs. Figure 6.2-8a shows the
nodalization for the ESBWR isolation condenser system. Figure 6.2-8b shows the nodalization of
the ESBWR feedwater line system. Appendix 6D provides a detailed description of the passive heat
sinks within containment as per RG 1.70. Appendix 6A, Figure 6A-1 shows the TRACG
nodalization of the DW/WW walls as passive heat sinks.
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This analysis follows the application methodology outlined in Reference 6.2-1. The TRACG
nodalization approach in this analysis is similar to that used in Reference 6.2-1. However, this
nodalization includes some additional features and details. Some of these features are
implemented to address the confirmatory items listed in the Safety Evaluation Report of Reference
6.2-1. Other features are implemented due to design changes. Table 6.2-6a summarizes the list of
these changes in the TRACG nodalization. The details of the TRACG application procedure of
Reference 6.2-1 have been re-evaluated for the present configuration. Results of this evaluation
show that the overall philosophy of the TRACG application procedure remains the same.
Appendix 6A summarizes the details of this evaluation. Appendix 6B provides the justification for
the use of the DCD nodalization (similar to that in Reference 6.2-1, as outlined in the first row of
Table 6A-1), including the results of the tie-back calculations between these nodalizations.

The combined nodalization that integrates the responses between the containment and the reactor
vessel is used for both the containment analyses (Subsection 6.2.1.1.3) and the ECCS analyses
(Subsection 6.3.3). The impact of containment back pressure on the ECCS performance has been
evaluated and the results show that the minimum chimney collapsed level is not sensitive for a wide
range of change in the containment back pressure. Appendix 6C summarizes the details of this
evaluation.

The analysis considers the contribution of radiolytic hydrogen and oxygen generation following the
line break. Subsection 6.2.1.1.3.2 provides additional details on the gas generation. The analysis
also considers one vacuum breaker and one IC out-of-service, that is, two vacuum breakers and 3
ICs are available. In addition, the analysis only models the initial water inventory in the 3 ICs, and
conservatively takes no credit for the heat transfer in any of the ICs.

Table 6.2-7 shows the sequence of events for this analysis. Figures 6.2-9a1 through 6.2-9d3 show
the pressure, temperature, DW and GDCS airspace pressure responses and PCCS heat removal
for this analysis. Table 6.2-5 summarizes the results of this calculation. The calculated maximum
DW pressure during the 72 hours following a LOCA for the nominal case is below the containment
design pressure.

6.2.1.1.3.2 Main Steam Line Break - Nominal Analysis

This analysis initializes the RPV and containment at the base conditions shown in the Nominal
Value column of Table 6.2-6. The analysis considers the contribution of radiolytic hydrogen and
oxygen generation following the line break. The generation rate of radiolytic gas depends on the
reactor decay power profile, whether the reactor coolant is boiling, and the amount of fission
products released to the coolant. Appendix A of SRP Subsection 6.2.5 provides a conservative
methodology for calculation of radiolytic hydrogen and oxygen generation. The analysis results
discussed herein were developed in a manner that is consistent with the guidance provided in SRP
6.2.5 and RG 1.7, except that radiolysis from fission products transported to sump water was not
included because fuel failure does not occur in this accident sequence. Also production of hydrogen
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from fuel cladding metal-water reaction is not a contributor, because cladding temperatures remain
below the point at which metal-water reaction occurs.

Table 6.2-7a shows the sequence of events for this analysis. Figures 6.2-10a1 through 6.2-10d3
show the pressure, temperature, DW and GDCS airspace pressure responses and PCCS heat
removal for this analysis. Table 6.2-5 summarizes the results of this calculation. The calculated
maximum DW pressure during the 72 hours following a LOCA for the nominal case is below the
containment design pressure.

6.2.1.1.3.3 GDCS Line Break and Bottom Drain Line Break - Nominal Analysis

These analyses initialize the RPV and containment at the base conditions shown in the Nominal
Value column of Table 6.2-6. Table 6.2-7b shows the sequence of events for the GDCS line break
analysis. Figures 6.2-11a1 through 6.2-11d3 show the pressure, temperature, DW and GDCS
airspace pressure responses and PCCS heat removal for the GDCS line break analysis. Table
6.2-7c shows the sequence of events for the bottom drain line break analysis. Figures 6.2-12a1
through 6.2-12d3 show the pressure, temperature and PCCS responses for the bottom drain line
break analysis. Table 6.2-5 summarizes the results of these calculations. The calculated maximum
DW pressures during the 72 hours following a LOCA for these nominal cases are below the
containment design pressure.

6.2.1.1.34 Feedwater Line Break - Bounding Analysis

This analysis initializes the RPV and containment at the base conditions shown in the Bounding
Value column of Table 6.2-6. Table 6.2-7d shows the sequence of events for the Feedwater Line
Break with failure of one Depressurization Valve (DPV), and Table 6.2-7f shows the sequence of
events for the Feedwater Line Break with failure of one SRV. In addition, this bounding analysis
sets the other TRACG model parameters in the conservative direction as described in Reference
6.2-1. Table 6.2-8 summarizes the specific bounding values for these model parameters. This
analysis follows the application methodology outlined in Reference 6.2-1.

Figures 6.2-13a1 through 6.2-13d6 and Figures 6.2-13e1 through 6.2-13h6 show the pressure,
temperature, water level, DW and GDCS airspace pressure responses and PCCS heat removal for
this analysis. Table 6.2-5 summarizes the results of this calculation. The calculated maximum DW
pressure during the 72 hours following a LOCA for the bounding case is below the containment
design pressure. The detailed discussion on the chronology of progressions of the Feedwater Line
Break Bounding cases are given in Appendices 6E.1 and 6E.3.

6.2.1.1.3.5 Main Steam Line Break - Bounding Analysis

This analysis initializes the RPV and containment at the base conditions shown in the Bounding
Value column of Table 6.2-6. In addition, this bounding analysis sets the other TRACG model
parameters in the conservative direction as described in Reference 6.2-1. Table 6.2-8 summarizes
the specific bounding values for these model parameters. This analysis follows the application
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methodology outlined in Reference 6.2-1. Table 6.2-7e shows the sequence of events for the Main
Steam Line Break with failure of one DPV, and Table 6.2-7g shows the sequence of events for the
Main Steam Line Break with failure of one SRV. A comparison of these two tables and the
corresponding figures shows that these two cases are nearly the same in transient responses and
in the calculated DW pressure. Both cases can be considered as the limiting event. These cases
are discussed in the following paragraph.

Figures 6.2-14a1 through 6.2-14d3 and Figures 6.2-14f1 through 6.2-14i3 show the pressure,
temperature, DW and GDCS airspace pressure responses and PCCS heat removal for these
analyses. Table 6.2-5 summarizes the results of this calculation. The calculated maximum DW
pressures during the 72 hours following a LOCA for these bounding cases are below the
containment design pressure. The detailed discussion on the chronology of progressions of the
Main Steam Line Break Bounding cases are given in Appendices 6E.2 and 6E.4.

A loss of all power generation buses is not the limiting assumption and the effects of continued
feedwater injection is more limiting, as it can potentially add water to the wetwell and compress the
wetwell air space. The ESBWR design incorporates features that mitigate this challenge by
isolating reactor inventory sources outside of containment and provides a method of GDCS
initiation based on LOCA condition detection. These features ensure that containment remains
within design pressure for the entire 72-hour event duration. These features also ensure acceptable
performance for the full spectrum of LOCA events within containment, with or without the
assumption of loss of external injection capability. Additionally, although power generation buses
are considered available to add feedwater or High Pressure Control Rod Drive (HP CRD) injection,
no credit is given for heat removal systems powered by these buses. Table 6.2-7h shows the
sequence of events for the Main Steam Line Break with failure of one SRV and with offsite power
available. Figures 6.2-14j1 through 6.2-14m3 show the pressure, temperature, DW and GDCS
airspace pressure responses and PCCS heat removal for this analysis. The noncondensable mass
and the void fraction in the DW and GDCS are presented in Figures 6.2-14n1 through 6.2-1403.
The detailed discussion on the chronology of progression is given in Appendix 6E.5. The cases
analyzed without offsite power and water addition assume higher initial pressure, and result in
higher pressure as shown in Table 6.2-5. The highest value of Maximum DW Pressure in
Table 6.2-5 is the calculated peak containment internal pressure for the design basis loss of coolant
accident.

6.2.1.1.3.5.1 Post-LOCA Containment Cooling and Recovery Analysis

For post-LOCA containment cooling and recovery, Main Steam Line Break scenarios selected are
one SRV failure and one DPV failure. The analysis with PARs and 4 of the 6 PCCS vent fans uses
the failure with one SRV and the analysis with RWCU/SDC in suppression pool cooling mode
followed by shutdown cooling mode uses the failure with one DPV. The post 72 hour analysis
results are not sensitive to the event selection (failure of one DPV versus one SRV) due to the fact
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that these two cases are nearly the same in transient responses up to 72 hours and the
containment pressure and temperature are rapidly reduced upon the activation of the
nonsafety-related Structure, System, or Components (SSC).

After the first 72 hours of the accident, the following nonsafety-related SSCs are utilized to keep the
reactor at safe stable shutdown conditions, to rapidly reduce containment pressure and
temperature to a level where there is acceptable margin, and then to maintain these conditions
indefinitely:

1. SSCs to refill the IC/PCCS pools

2. PCCS Vent Fans

3. Passive Autocatalytic Recombiner System (PARS)

4, Power supplies to the PCCS Vent Fans and the IC/PCCS pool refill pumps

Once a state of safe, stable reactor shutdown is reached, containment pressure and temperature
are maintained with sufficient margin to containment design limits for a long period of time.
Figure 6.2-14e1 through Figure 6.2-14e10a show key parameters for the long term pressure
reduction and maintenance phase. PARS function at 72 hrs and 4 of 6 PCCS vent fans are credited
in the calculation.

The containment pressure is reduced and is maintained at a reduced pressure after the 72 hour
peak. Other non-safety related, non-Regulatory Treatment of Non-safety Systems (RTNSS) SSCs
can be placed in service to bring the reactor to cold shutdown conditions and to further reduce the
containment pressure and temperature. These SSCs include the FAPCS as the preferred method,
and the RWCU/Shutdown Cooling (SDC) system in the unlikely event there is fuel damage
(Subsections 9.1.3 and 5.4.8, respectively). The RWCU/SDC and the FAPCS system are not part of
the primary success path for post-LOCA containment cooling. Calculations of RWCU/SDC
performance are provided here to show its ability to cooldown the reactor and containment. In the
unlikely event of fuel damage, where the RWCU/SDC system is used, the Reactor Building HVAC
Accident Exhaust Filter Units are a required support system for limiting onsite and offsite dose.

Containment pressure and temperature responses which represent a postulated accident recovery
evolution, with RWCU/SDC (fuel damage assumed) providing the cold shutdown function are
shown in Figures 6.2-14e11 and 6.2-14e12. These response curves are based on the RWCU/SDC
operating in suppression pool cooling mode for 24 hours, beginning seven days after a LOCA,
followed by vessel injection via the normal RWCU/SDC midvessel suction line, with suction from
the suppression pool. The heat removal for this mode of RWCU/SDC operation is provided by the
non-regenerative heat exchanger (NRHX). A conservative heat exchanger capacity was assumed
which is well within the capability of the RWCU/SDC NRHX. Table 6.2-48 lists the RWCU/SDC
NRHX data used in the analysis. There is no requirement to start the recovery actions at seven
days, since the reactor is already in a safe stable shutdown condition, and containment pressure
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and temperature are in a non-upward trending state, with sufficient margin to containment design
limits.
The accident recovery analysis shows that after being in suppression pool cooling for 24 hours and

then injecting into the reactor vessel for approximately 10 hours, the suppression pool has
equilibrated with the reactor bulk water temperature at cold shutdown conditions.

6.2.1.1.4 Negative Pressure Design Evaluation

During normal plant operation, the inerted WW and the DW volumes remain at a pressure slightly
above atmospheric conditions. However, certain events could lead to a depressurization transient
that can produce a negative pressure differential in the containment. A DW depressurization results
in a negative pressure differential across the DW walls, vent wall, and diaphragm floor. A negative
pressure differential across the DW and WW walls means that the RB pressure is greater than the
DW and WW pressures, and a negative pressure differential across the diaphragm floor and vent
wall means that the WW pressure is greater than the DW pressure. If not mitigated, the negative
pressure differential can damage the containment steel liner. The ESBWR design provides the
vacuum relief function necessary to limit these negative pressure differentials within design values.
The events that may cause containment depressurization are:

* Post-LOCA DW depressurization caused by the ECCS (for example, GDCS) flooding of the
RPV and cold water spilling out of the broken pipe or cold water spilling out of broken GDCS line
directly into DW.

» The DW sprays are inadvertently actuated during normal operation or during post-LOCA
recovery period.

» The combined heat removal of the ICS and PCCS exceeds the rate of decay heat steam
production.

Drywell depressurization following a LOCA is expected to produce the most severe negative
pressure transient condition in the DW. Among the four design basis LOCA break types analyzed, a
FWLB results in the highest peak DW pressure and a MSLB results in the lowest peak DW pressure
during the initial 2000 seconds after the break. The peak pressure of a GDCS Injection Line or a
Bottom Drain Line (BDL) break falls between those of the Feed Water Line (FWL) and MSLBs. DW
temperatures for these four break types differ by less than 20°C after 800 seconds. It is therefore
adequate to analyze FWL and MSLB scenarios to provide diverse DW environmental conditions,
which envelope other break locations, for determining the minimum DW pressure and the pressure
differential between WW and DW as consequence of inadvertent initiation of DW spray. The results
of the MSLB analysis show that the containment does not reach negative pressure relative to the
RB, and the maximum WW-DW differential pressure is within the design capability. This calculation
credits one of the three WW-DW vacuum breakers. Each vacuum breaker has an area of 9.67x10-2
m?, (1.04 ft2). An evaluation of the effect of DW spray on containment integrity for a main steam line
break and a feedwater line break was performed to determine the maximum negative differential
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pressures (DW to WW, and DW to reactor building). This evaluation assumed that a DW spray flow
rate of 127 m3/hr (560 gpm) at a temperature of 293°K (67.7°F) is initiated at the worst possible
moment for a DW spray, at the point in time when there is low inert gas content in the DW relative to
the WW (i.e., when the DW pressure has peaked just prior to the opening of the DW-WW vacuum
breakers), and verified that the maximum negative differential pressures remain within the design
criteria. For additional conservatism and to account for uncertainties in the design of the DW spray
piping system, a sized, flow restricting orifice has been established (Subsection 9.1.3).

6.2.1.1.5 Steam Bypass of Suppression Pool

6.2.1.1.51 Bypass Leakage Area in Design Basis Accident

The concept of the pressure suppression reactor containment is that any steam released from a
pipe rupture in the primary system is condensed by the suppression pool, and thus, does not
produce a significant pressurization effect on the containment. This is accomplished by channeling
the steam into the suppression pool through a vent system. If a leakage path were to exist between
the DW and the suppression pool (WW) gas space, the leaking steam would produce undesirable
pressurization of the containment. The design basis accident calculations assume a suppression
pool bypass leakage of 2 cm? (2.16E-03 ft?), (A/VK). Table 6.2-5 shows that this results in
acceptable containment pressures. Additional calculations with the suppression pool bypass
leakage assumption of 1 cm? (1.08E-03 ft2), (AWK) are presented in Appendix 6.

6.2.1.1.5.2 Suppression Pool Bypass During Severe Accidents
See Chapter 19 for discussion on Suppression Pool Bypass During Severe Accidents.

6.2.1.1.5.3 Justification for Deviation From SRP Acceptance Criteria

6.2.1.1.5.3.1 Actuation of PCCS

The provision of automatic PCCS design meet the intent of the SRP (Appendix A to SRP
Subsection 6.2.1.1.C) for automatic actuation of sprays, without the use of a containment spray
system. The SRP states that the WW spray should be automatically actuated 10 minutes following
a LOCA signal and an indication of pressurization of the WW to quench steam bypassing the
suppression pool. However, in determining maximum allowable steam bypass leakage area for
ESBWR design, analyses take credit for PCCS operation immediately following LOCA initiation.

The PCCS is considered adequate to provide mitigation for consequences due to steam bypass
leakage during a LOCA event.

6.2.1.1.5.3.2 Vacuum Valve Operability Tests

Section B.3.b of Appendix A to SRP Subsection 6.2.1.1.c specifies that vacuum valves should be
operability tested at monthly intervals to assure free movement of the valves. Operability tests are
conducted at plants of earlier Boiling Water Reactor (BWR) designs using an air actuated cylinder
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attached to the valve disk. The air actuated cylinders have been found to be one of the root causes
of vacuum breakers failing to close. Free movement of the vacuum breakers in the ESBWR design
has been enhanced by eliminating this potential actuator failure mode, improving the valve hinge
design and selecting materials which are resistant to wear and galling. Therefore, monthly testing is
not performed for these vacuum breakers. However, the vacuum breakers are tested for free
movement and leakage according to Technical Specification requirements.

6.2.1.1.54 Bypass Leakage Tests and Surveillance

There are provisions for leakage tests and surveillances to determine suppression pool bypass
leakage, and to ensure that leakage does not substantially increase over the plant life.

After the pre-operational suppression pool bypass tests are performed, a periodic test is performed
at a frequency of 24 months. Pre-operational and periodic local leakage rate testing of the vacuum
breakers and vacuum breaker isolation valves are also performed. These tests and surveillances
quantify, measure, or detect any degradation, and provide assurance that the suppression pool
bypass leakage is maintained within the allowable value between tests.

6.2.1.1.54.1  (Deleted)

6.2.1.1.54.2 Local Leak Rate Testing of Drywell to Wetwell

Pre-operational and periodic visual examinations of the DW to WW penetrations are performed in
accordance with inservice inspection or inservice testing requirements. A suppression pool bypass
test is performed to detect leakage from the DW to the WW at a frequency of 24 months. Local
leakage rate tests of the individual vacuum breakers and vacuum breaker isolation valves are
performed according to Technical Specification requirements. The acceptance criteria are specified
in Subsection 6.2.1.1.5.4.3.

6.2.1.1.54.3 Acceptance Criteria for Leakage Tests

NUREG-0800, 6.2.1.1.c Draft 1996, Appendix A, Steam Bypass, specifies acceptance criteria for
DW/WW steam bypass testing for Mark I, Il and Il containments. It states that alternative criteria
can be proposed for review by the NRC staff. For ESBWR an alternate criteria is proposed, to:

» Provide a DW/WW interface, sufficiently leak tight, to assure the containment performs the
intended function of containment of radioactivity.

 Provide flexibility for the licensee in conducting tests.
» Account for degradation in performance between tests.
* Account the uncertainties in test measurement.

The acceptance criteria for the suppression pool bypass test is a calculated bypass leakage area
(AWK) that is less than 50% of the bounding design basis accident allowable bypass area, which is
2.0 cm? (2.16E-03 ft?), (AWK). The calculated bypass leakage area is calculated at the upper 95%
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confidence level to account for instrument inaccuracies and uncertainties. The acceptance criteria
for the individual vacuum breaker and vacuum breaker isolation valve local leakage rate tests is
less than or equal to 15% of the bounding design basis accident allowable bypass area, and the
acceptance criteria for the total leakage of all three vacuum breaker/vacuum breaker isolation valve
pairs on a maximum pathway basis is less than or equal to 35% of the bounding design basis
accident allowable bypass area.

Local leakage rate measurement inaccuracies are typically less than or equal to 2% of the full scale
flow range. This value is insignificant when compared to the margins between the local leakage rate
acceptance criteria and the leakage equivalent to the bounding design basis accident allowable
bypass area.

6.2.1.1.54.4 Surveillance Test

A visual inspection is conducted to detect possible leak paths at each refueling outage. Each
vacuum breaker and associated piping is checked to determine that it is clear of foreign matter.
Also, at this time each vacuum breaker is tested for free disk movement.

6.2.1.1.5.5 Vacuum Breaker Valve and Isolation Valve Instrumentation and Tests

6.2.1.1.5.5.1 Position Indicators, Temperature Sensors, and Alarms

Redundant position indicators are placed on vacuum breakers with redundant indication and an
alarm in the control room. The vacuum breaker position indicator system is designed to provide the
plant operators with continuous surveillance of the vacuum breaker position. The vacuum breaker
position indicator system has adequate sensitivity to detect an open vacuum breaker.

Redundant temperature sensors are placed within the cavity created by the vacuum breaker and
vacuum breaker isolation valve assembly, and in close proximity to the vacuum breaker outlets. The
temperature sensor system is designed to provide detection of a leaking vacuum breaker during a
LOCA.

6.2.1.1.5.5.2 Vacuum Breaker Valves and Isolation Valves Operability Tests

The vacuum breakers are tested for free movement according to Technical Specification
requirements. Vacuum breaker isolation valves are tested as specified in Table 3.9-8.

6.2.1.1.6 Suppression Pool Dynamic Loads

During a postulated LOCA, DW-to-WW flow of gas and steam/water mixture produces
hydrodynamic loading conditions on the suppression pool boundary. Also, SRV flow discharging
into the suppression pool during SRV actuation produces hydrodynamic loading conditions on the
pool boundary.
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The containment and its internal structures are designed to withstand suppression pool dynamic
loads, due to LOCA and SRV actuation events in combination with those from the postulated
seismic events. The load combinations are described and specified in Section 3.8.

A complete description of and diagrammatic representation of these loads is provided in
Appendix 3B.

6.2.1.1.7 Asymmetric Loading Conditions

Asymmetric loads are included in the load combination specified in Section 3.8. The containment
and internal structures are designed for these loads within the acceptance criteria specified in
Section 3.8.

Localized pipe forces and SRV actuation would lead to asymmetric pressure loads on the
containment and internal structures. For magnitudes of these loads, see Appendix 3B.

The loads associated with embedded plates are concentrated forces and moments, which differ
according to the type of structure or equipment being supported. Earthquake loads are inertial loads
caused by seismic accelerations, and the magnitude of these loads is discussed in Section 3.7.

6.2.1.1.8 Containment Environment Control

The DCS function, which is to maintain the thermal conditions in the containment and
subcompartments during the normal operation, is not a safety-related function. Also the loss of the
DCS does not result in environmental conditions that exceed the expected design basis accident
conditions for the safety-related equipment inside containment. Therefore, the DCS is not classified
as safety-related. The safety-related containment heat removal systems, described in Subsection
6.2.2, maintain the required containment atmosphere conditions following a LOCA.

6.2.1.1.9 Post-Accident Monitoring

Subsection 6.2.1.7 identifies instrumentation provided for post-accident monitoring of containment
parameters. For discussion of instrumentation inside the containment, which may be used for
monitoring various containment parameters during post-accident conditions, see, Section 7.5.

6.2.1.1.10 Severe Accident Conditions
Severe Accident considerations are in the design of the ESBWR. The ESBWR design philosophy is
to continue to maintain design flexibility in order to allow for potential modifications.

This section reviews the design approach and ESBWR design features for the prevention and
mitigation of severe accidents.

6.2.1.1.10.1 Layered Defense-in-Depth Approach

The ESBWR utilizes the concept of defense-in-depth as a basic design philosophy. This is an
approach that relies on providing numerous barriers. These barriers include both physical barriers
(for example, fuel pellet, fuel cladding, reactor vessel and ultimately the containment), as well as
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layers that emphasize accident prevention and accident mitigation. The ESBWR considers beyond
design basis events in its design approach. It provides for additional defense-in-depth by
considering a broad range of events, including those with very low estimated frequency of
occurrence (< 1.0E-5 per reactor year) and by incorporating design features to mitigate significant
containment challenges.

Using this layered defense-in-depth approach, the following are the main elements in the design
against severe accidents:

» Accident prevention.
+ Accident mitigation.

» Containment performance including design features to address containment challenges during a
severe accident.

6.2.1.1.10.2 ESBWR Design Features for Severe Accident Control

Several features are designed into the ESBWR that serve either to prevent or mitigate the
consequences of a severe accident. Key ESBWR features, their design intent, and the
corresponding issues are summarized in Table 6.2-9. For each feature listed in Table 6.2-9, brief
discussion is made below.

1. ICS

The isolation condensers support both reactor water level and pressure control and are the first
defense against a severe accident. The ESBWR is equipped with four isolation condensers, which
conserve RPV inventory in the event of RPV isolation. Basically, the isolation condensers take
steam from the RPV and return condensate back to the RPV. The isolation condensers begin
operation when the condensate lines open automatically on diverse signals including RPV level
dropping to Level 2. After operation begins, the isolation condensers are capable of keeping the
RPV level above the setpoint for ADS actuation. The design mitigates noncondensable buildup in
the isolation condensers (that can impair heat removal capacity) by temporarily opening a small
vent line connecting the isolation condensers to the suppression pool. The vent line is operated
automatically when high RPV pressure is maintained for more than a set time. The vent line valves
re-close automatically when RPV pressure is decreased below the setpoint pressure. The lower
header vent line is also automatically opened post six hours ICS initiation. This mitigates
accumulation of noncondensables during long term use of ICS (e.g, station blackout for 72 hours).

The RPV depressurizes in the event of a break in the primary system or after ADS actuation.
Furthermore, the ESBWR design does not require the operation of the isolation condensers to
prevent containment pressurization and containment pressure control function is served by the
PCCS.
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2. ADS

The ESBWR reactor vessel is designed with a highly reliable depressurization system. This
system plays a major role in preventing core damage. Furthermore, even in the event of core
damage, the depressurization system can minimize the potential for high pressure melt ejection
and lessen the resulting challenges to containment integrity. If the reactor vessel fails at
elevated pressure, fragmented core debris could be transported into the upper DW. The
resulting heatup of the upper DW atmosphere could overpressurize the containment or cause
over temperature failure of the DW head seals. The RPV depressurization system decreases
the uncertainties associated with this failure mechanism by minimizing the occurrences of high
pressure melt ejection.

3. Compact Containment Design

The RB volume is reduced by relocating selected equipment and systems to areas outside of
the RB. The major portion of this relocation is to remove non-safety items from the Seismic
Class 1 structure and to place them in other structures that are classified as Non-Seismic. Along
with other system design simplifications and the above described relocation of non-safety items,
a compact containment design is achieved with the characteristic of having a minimum number
of penetrations. This reduces the leakage potential from the containment.

4. PCCS Heat Exchangers

The basic design of the ESBWR ensures that any fission products from fuel damage following a
severe accident are not released outside the plant. One such removal mechanism is the PCCS
heat exchanger tubes. These tubes act like a filter for the aerosols. They essentially "filter out"
any aerosols that are transported into the PCCS units along with the steam and
noncondensable gas flow. Aerosols that are not retained, in the DW or the PCCS heat
exchangers, get transported via the PCCS vent line to the suppression pool where they are
efficiently scrubbed.

The PCCS heat exchanger not only cools the containment by removing decay heat during
accident, but also provides fission product retention within the containment.

5. Lower Drywell Configuration

The floor area of the lower DW has been maximized to improve the potential for ex-vessel
debris cooling. There is a drain sump incorporated into the lower DW floor intended to prevent
water buildup on the floor. The location of the sump has been maximized to place it as far away
from the RPV as possible. The sump has channels at floor level to allow water to flow into the
sump. The channels are long enough that any molten debris from a severe accident will solidify
before it exits the channels and reaches the sump.

6-29 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

6.

7.

8.

Manual Containment Overpressure Protection Subsystem

In the event that containment heat removal fails or core-concrete interaction continues
unabated, the Containment Inerting System lines are used to manually vent the containment to
control pressure, preventing the overpressure failure of containment. The vent path used to
preclude containment overpressure failure is constructed to maintain structural integrity when
exposed to the containment pressures present during severe accident conditions. The vent path
incorporates manually operated isolation valves located outside of the Reactor Building.

Deluge Lines Flooder System

The lower DW deluge lines flooder system has been included in the ESBWR to provide
automatic cavity flooding in the event of core debris discharge from the reactor vessel. This
system is actuated on high lower DW floor temperature. The system consists of multiple lines
that connect each of the GDCS water pools to the lower DW. The volume of water in the GDCS
pools is capable of flooding the RPV and lower DW to the top of active fuel.

The deluge flooder lines from the GDCS pools provide sufficient water to quench all core debris.
The deluge lines originating from the GDCS provide water to the Basemat-Internal Melt Arrest
and Coolability (BiMAC) device embedded into the lower DW floor to cool the ex-vessel
core-melt debris from top and bottom sides. By flooding the lower DW after the introduction of
core material, the potential for energetic fuel-coolant interaction is minimized. Additionally,
covering core debris provides for debris cooling and scrubbing of fission products released from
the debris due to core-concrete interaction. From an overall containment performance point of
view, the flooder provides a significant benefit for accident mitigation.

PCCS

The PCCS is designed to remove decay heat from the containment. The PCCS heat
exchangers receive a steam-gas mixture from the DW atmosphere, condense the steam and
return the condensate to the RPV via GDCS pools. The noncondensable gas is drawn to the
suppression pool through a submerged vent line driven by the differential pressure between the
DW and WW.

Igniters (glow plugs) in the lower drums of the PCCS condensers recombine the hydrogen and
oxygen at low concentrations, thereby keeping the resultant internal pressure of the PCCS
condensers within acceptable limits to ensure there is no plastic deformation during a
detonation under severe accident conditions. During the initial stages of a severe accident,
there is essentially no water in the vicinity of the core, so radiolysis is greatly reduced. However,
large quantities of hydrogen are released into the drywell due to metal-water reactions. The high
abundance of hydrogen relative to oxygen effectively reduces the potential for detonation in the
PCCS. Later in the postulated event, after the core melts through the vessel and interacts with
the concrete, the deluge valves open and the core once again has the potential to resume
radiolysis. Thereafter, relative concentrations of hydrogen and oxygen trend closer to a
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stoichiometric ratio at pressures much higher than during a DBA. The igniters are
nonsafety-related and are activated by the existing GDCS deluges (BiMAC) control system
implemented in a nonsafety-related technology programmable logic controller.

9. Suppression Pool and Airspace

The suppression chamber is a large chamber with communication to the DW through the
horizontal vents, the PCCS vents, and the vacuum breakers. Approximately one-half of the
suppression chamber volume is filled with a large body of water, the suppression pool. The gas
space in the suppression chamber acts as a receiver for noncondensable gases during a severe
accident. The suppression pool plays a large role in containment performance because it
provides:

* Alarge containment heat sink.

* Quenching of steam, which flows through the horizontal vents during rapid increases in
DW pressure.

« Effective scrubbing of fission products, which flow through the horizontal vents and the
PCCS vents.

10. GDCS Configuration

The GDCS pools are placed above the RPV with their air space connected to the DW. A line
with normally closed valves connects the GDCS pools to the vessel downcomer for low
pressure injection. After the GDCS pools are exhausted following LOCA injection, coolant flow
to keep the core covered is supplied from the suppression pool through an equalizing line.

11. Inerted Containment

During a severe accident, gases are generated that could form a combustible mixture if oxygen
were present. Combustion of these gases would increase the containment temperature and
pressure, possibly resulting in structural damage. To avoid this potential challenge to
containment integrity, the ESBWR containment is inerted during operation.

12.  GDCS Pool Spillover Pipes

During a severe accident assuming the GDCS injection lines and equalizing lines fail to open,
the PCCS condensate causes the GDCS pools to overflow. GDCS pool spillover pipes direct
this overflow to the vertical vents and subsequently into the suppression pool. This prevents the
flooding of the lower DW floor before the introduction of any core-melt debris. The GDCS pool
spillover pipes are connected to the GDCS pools above the high water level and below the top
of the pool walls. The piping is seismic Category Il, and the pipes are sized to provide enough
capacity to prevent any overflow.

Figure 6.2-15 summarizes all of the above systems in the framework of the ESBWR
containment. From top down:
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6.2.1.2

PCCS pool and heat exchangers provide passive containment cooling.
ICS pool and heat exchangers provide natural circulation decay heat removal from RPV.

GDCS (three pools, four divisions) with ADS (DPV, SRV) makes up the ECCS; GDCS
deluge lines supply BIMAC for long-term coolability.

Manual Containment Overpressure Protection Subsystem provides manual venting from
the WW in a controlled manner.

BIMAC device, commonly call a core catcher, (shown by the insert to Figure 6.2-15) is
initially fed by water flow from squib-valve-operated GDCS deluge lines into a distributor
channel, and through a pipe jacket (with inclined and vertical portions) into the Lower
Drywell (LDW) cavity. The cooling in a later phase is provided by natural circulation of
water in the LDW feeding into the distributor channel through downcomers (at the end of
LDW, not shown in the insert).

Containment Subcompartments

This subsection addresses or references to other locations that address the applicable
requirements of GDC 4 and 50 discussed in SRP 6.2.1.2 R2 relevant to ESBWR containment
subcompartment design. The plant meets the requirements of:

* GDC 4, as it relates to the environmental and missile protection provided to ensure that
safety-related structures, systems and components be designed to accommodate the dynamic
effects (for example, effects of missiles, pipe whipping, and discharging fluids that may result
from equipment failures) that may occur during plant normal operations or during an accident.

* GDC 50, as it relates to the subcompartments being designed with sufficient margin to prevent
fracture of the structure due to pressure differential across the walls of the subcompartment. In
meeting the requirements of GDC 50, the following specific criterion or criteria that pertain to the
design and functional capability of containment subcompartments are used as indicated below.

The initial atmospheric conditions within a subcompartment are selected to maximize
the resultant differential pressure. The model assumes air at the maximum allowable
temperature, minimum absolute pressure, and zero percent relative humidity. For a
restricted class of subcompartments, another model is used that involves simplifying the
air model outlined above. For this model, the initial atmosphere within the
subcompartment is modeled as a homogeneous water-steam mixture with an average
density equivalent to the dry air model. This approach is limited to subcompartments
that have choked flow within the vents. This simplified model is not used for
subcompartments having primarily subsonic flow through the vents.

Subcompartment nodalization schemes are chosen such that there is no substantial
pressure gradient within a node, that is, the nodalization scheme is verified by a
sensitivity study that includes increasing the number of nodes until the peak calculated
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pressures converge to small resultant changes. The guidelines of Section 3.2 of
NUREG-0609 are followed, and a nodalization sensitivity study is performed which
includes consideration of spatial pressure variation, for example, pressure variations
circumferentially, axially and radially within the subcompartment, for use in calculating
the transient forces and moments acting on components.

— When vent flow paths are used which are not immediately available at the time of pipe
rupture, the following criteria apply:

* The vent area and resistance as a function of time after the break are based on a
dynamic analysis of the subcompartment pressure response to pipe ruptures.

» The validity of the analysis is supported by experimental data or a testing program
that supports this analysis.

* In meeting the requirements of GDC 4, the effects of missiles that may be generated
during the transient are considered in the safety analysis.

— The vent flow behavior through all flow paths within the nodalized compartment model is
based on a homogeneous mixture in thermal equilibrium, with the assumption of 100%
water entrainment. In addition, the selected vent critical flow correlation is conservative
with respect to available experimental data.

— Afactor of 1.2 is applied to the peak differential pressure calculated for the
subcompartment, structure and the enclosed components, for use in the design of the
structure and the component supports. The as-built calculated differential pressure is
not expected to be substantially different from the design value. However, improvements
in the analytical models or changes in the as-built subcompartment may affect the
available margin.

6.2.1.2.1 Design Bases

The design of the containment subcompartments is based upon a postulated DBA occurring in
each subcompartment.

For each containment subcompartment in which high energy lines are routed, mass and energy
release data corresponding to a postulated double ended line break are calculated. The mass and
energy release data, subcompartment free volumes, vent path geometry and vent loss coefficients
are used as input to an analysis to obtain the pressure/temperature transient response for each
subcompartment. At least 15% margin above the analytically determined pressures is applied for
structural analysis.

6.2.1.2.2 Design Features

The DW and WW subcompartments are described in Subsection 6.2.1.1. The remaining
containment subcompartments are as follows.
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Drywell Head Region

The DW head region is covered with a removable steel head, which forms part of the containment
boundary. The DW bulkhead connects the containment vessel flange to the containment and
represents the interface between the DW head region and the DW. There are no high energy lines
in the DW head region.

Reactor Shield Annulus

The Reactor Shield Annulus exists between the Reactor Shield Wall (RSW) and the RPV. The RSW
is a steel cylinder surrounding the RPV and extending up close to the DW top slab, as shown in
Figure 6.2-1a. The opening between the RSW and the DW top slab provides the vent pathway
necessary to limit pressurization of the annulus due to a high energy pipe rupture inside the annulus
region. The shield wall is supported by the reactor support structure. The Reactor Shield Annulus
subcompartment vent areas are always open. Insulation does not cause an impediment to venting
and there are no blowout panels in this subcompartment.

Several high energy lines extend from the RPV through the reactor shield wall. There are also
penetrations in the RSW for other piping, vents, and instrumentation lines. The RSW is designed for
transient pressure loading conditions from the worst high energy line rupture inside the annulus
region. For pipe break cases in this subcompartment, no credit was taken in the analysis to limit the
break area due to presence of pipe restraints.

6.2.1.2.3 Design Evaluation

FW or RWCU line break within the Reactor Shield Annulus are identified to be the accident with
most severe consequences. Mass and energy releases from the postulated pipe breaks are based
on the reactor operating condition prior to the break. It was assumed that the reactor is operating at
full power and the containment is filled with dry air at atmospheric pressure and 100°C (212°F)
when the postulated pipe break occurs. The mass release rates are determined with Moody's
Critical Flow Model for Homogenous Equilibrium Mixture (Reference 6.2-8). The subcompartment
pressure responses were analyzed with TRACG (Reference 6.2-11). Prior to the time of peak
pressure the vent flow is subsonic. The integrity of RSW is discussed in Subsection 3G.1.5.4.2.3.

The break locations have been selected to maximize the mass and energy release into the
subcompartment. Since instantaneous double-end guillotine breaks were postulated for all pipe
breaks, Leak-Before-Break was not used to limit the break area. The mass and energy release
rates are held constant for the analyses. For a feedwater line break, the critical flux is 9.389 x 104
kg/(s - m2), (19230 Ib/(s - ft2)) from either end of the guillotine break, and the total mass release rate
from both the RPV end and the reactor shield wall is 2854 kg/s, (6292 Ib/s). For a RWCU line break,
the critical flux is 4.868 x 104 kg/(s - m2), (9970 Ib/(s - ft2)) from either end of the guillotine break,
and the total mass release rate from both the RPV end and the reactor shield wall is 2395 kg/s,
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(5280 Ib/s). Analyzed with TRACG, the peak subcompartment pressure responses were found to be
below the design pressure for all postulated pipe break accidents.

6.2.1.3 Mass and Energy Release Analyses for Postulated Loss-of-Coolant-Accidents
Relevant to mass and energy analyses, this subsection addresses or references to other locations
that address the applicable requirements of GDC 50 and 10 CFR Part 50, Appendix K, paragraph
I.A discussed in SRP 6.2.1.3 R1. The plant meets the requirements of:

» GDC 50, as it relates to the containment being designed with sufficient margin, requires that the
containment and its associated systems can accommodate, without exceeding the design
leakage rate and the containment design, the calculated pressure and temperature conditions
resulting from any loss-of-coolant-accident.

* 10 CFR 50, Appendix K, as it relates to sources of energy during the LOCA, provides
requirements to assure that all the energy sources have been considered.

In meeting the requirements of GDC 50 the following criteria, which pertain to the mass and energy
analyses, are used.

» Sources of Energy

— The sources of stored and generated energy that are considered in analyses of LOCAs
include reactor power, decay heat, stored energy in the core and stored energy in the
reactor coolant system metal, including the reactor vessel (Table 6.2-12d,

Figures 6.2-9e1, 6.2-9e2, 6.2-10e1, and 6.2-10e2) and reactor vessel internals.

— Calculations of the energy available for release from the above sources are done in
general accordance with the requirements of 10 CFR 50, Appendix K, paragraph I.A. To
maximize the energy release to the containment during the blowdown and reflood
phases of a LOCA, the following conservative assumptions are used in the analyses.

» All non-wall heat structures inside the DW and WW are conservatively ignored in the
analyses.

* The DW basemat and the top DW top slab (horizontal heat slabs) are expected to
see some steam condensation during the early part of the LOCA. These horizontal
heat slabs are conservatively ignored in the analyses.

* The suppression pool basemat and the GDCS pool basemat are covered with water.
The heat sink effect of these horizontal heat slabs is conservatively ignored in the
analyses.

— The requirements of paragraph I.B in Appendix K, concerning the prediction of fuel
cladding swelling and rupture are not considered, to maximize the energy available for
release from the core to the containment.
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» Break Size and Location
— The choice of break locations and types is discussed in Subsection 6.2.1.1.3.

— Of several breaks postulated on the basis stated above, the break selected as the
reference case yields the highest containment pressure consistent with the criteria for
establishing the break location and area.

— Containment design basis calculations are performed for a spectrum of four
double-ended guillotine pipe break sizes and locations to assure that the worst case has
been identified. These calculations are described in Appendix 6F.

» Calculations

Following the procedure, documented in Reference 6.2-1, calculations of the mass and energy
release rates for a LOCA are performed in a manner that conservatively establishes the
containment internal design pressure (that is, maximizes the post-accident containment
pressure).

A spectrum of breaks was considered and analyzed using GEH-developed and NRC-approved
computer codes described in Reference 6.2-1. The summary of this evaluation is discussed in
Subsection 6.2.1.1.3.

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary System Pipe
Ruptures Inside Containment (PWR)

Not Applicable to the ESBWR.

6.2.1.5 Maximum Containment Pressure Analysis for Performance Capability Studies on
Emergency Core Cooling System (PWR)

Not Applicable to the ESBWR.

6.2.1.6  Testing and Inspection

Preoperational Testing

Preoperational testing and inspection programs for the containment and associated structures,
systems and components are described in Chapter 14. These programs demonstrate the structural
integrity and desired leak-tightness of the containment and associated structures, systems, and
components.

Post-Operational Leakage Rate Test

For descriptions of the containment Integrated Leak Rate Test (ILRT) and other post-operational
leakage rate tests (10 CFR 50, Appendix J, Test Types A and B), see Subsection 6.2.6.
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Accessible portions of the vacuum breaker system are visually inspected at each refueling outage
to determine and assure that they are free of foreign debris, and the valve disk is manually tested
for its freedom to move and functionality.

Design Provisions for Periodic Pressurization

In order to assure the structural capability of the containment to withstand the application of peak
accident pressure at any time during plant life, and to pass periodic integrated leakage rate tests,
close attention is given to certain design and maintenance provisions. Specifically, the effects of
corrosion on the structural integrity of the containment have been minimized by the use of stainless
steel liner in the suppression pool area. Other design features, which have the potential to
deteriorate with age, such as flexible seals, are inspected and tested. In this manner, the structural
and leak integrity of the containment remains essentially the same as originally accepted.

6.2.1.7 Instrumentation Requirements
Instrumentation is provided to monitor the following containment parameters:
+ DW temperature
* DW pressure
« Differential pressure from DW- to - WW and DW- to - RB
+ DW oxygen and hydrogen concentrations
+ DW radiation levels
* WW temperature
* WW pressure
+ Differential pressure between the WW and RB
* WW oxygen and hydrogen concentrations
+ WW radiation levels
* Suppression pool temperature
» Suppression pool level
* GDCS pools water level
+ Water level in DW
* DW and WW nitrogen makeup flow
* Open/close position indicators for WW- to - DW vacuum breakers

DW pressure is an input signal to containment isolation and Reactor Protection System (RPS).
Suppression pool temperature is an input to RPS and suppression pool cooling initiation logic.
Pressure indicators are also provided to monitor both the DW and WW as part of the Containment
Monitoring System (CMS) that maintains containment pressure above the RB pressure.
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DW-to-WW differential pressure is monitored to assure proper functioning of the WW-to-DW
vacuum breaker system.

DW spatial temperatures are input signals to the Leak Detection and Isolation System (LD&IS).
Thermocouples are mounted at appropriate elevations of the DW for monitoring the DW
temperatures. Temperature, pressure and radiation are monitored for environmental conditions of
equipment in the containment during normal, abnormal and accident conditions.

Suppression pool-level sensors are provided in the suppression pool water for Hi-Lo level alarms.
Suppression pool temperature readouts from the immersed temperature sensors are located and
alarmed in the control room. The sensors are used for normal indications, scram signal, and for
post-LOCA pool monitoring.

Oxygen and hydrogen analyzers are provided for the DW and WW. Each analyzer draws a sample
from an appropriate area of the DW or WW. High oxygen and hydrogen concentration levels are
recorded and alarmed in the control room.

Radiation detectors in the DW and WW areas provide inputs to radiation monitors, and radiation
levels are recorded and alarmed on high level.

Refer to Section 7.2 for a description of DW pressure as an input to the RPS, and Section 7.3 for a
description of containment parameters as input signals to the ESF systems. The display
instrumentation for all containment parameters, including the number of channels, recording of
parameters, instrument range and accuracy and post-accident monitoring equipment is discussed
in Section 7.5.

6.2.2 Passive Containment Cooling System

Relevant to containment heat removal, this subsection addresses (or references to other locations
that address) the applicable requirements of GDC 38, 39, 40 discussed in SRP 6.2.2, R4, 10 CFR
50.46(b)(5), 10 CFR 52.47(a)(2)(iv), and GDC 19 of 10 CFR 50 Appendix A. The plant meets the
following containment cooling requirements.

« GDC 38 as it relates to:

— The PCCS being capable of reducing the containment pressure and temperature
following a LOCA, and maintaining them at acceptably low levels.

— The PCCS performance being consistent with the function of other systems.

— The PCCS being a safety-related design; that is, having suitable redundancy of
components and features, and interconnections, that ensures that for a loss of offsite
power (LOOP), the system function can be accomplished assuming a single failure.

— Leak detection, isolation and containment capabilities being incorporated in the design
of the PCCS.

» GDC 39, as the PCCS is designed to permit periodic inspection of components.
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» GDC 40, as the PCCS is designed to permit periodic testing to assure system integrity, and
operability of the system and its active components.

* 10 CFR 50.46(b)(5), as the PCCS is designed to provide long term cooling following
deflagrations or detonations within PCCS from hydrogen accumulation.

* 10 CFR 52.47(a)(2)(iv), and GDC 19 of 10 CFR 50 Appendix A, as the PCCS is designed to
maintain containment pressure boundary following deflagrations or detonations within PCCS
from hydrogen accumulation.

6.2.2.1 Design Basis

Functions

PCCS removes the core decay heat rejected to the containment after a LOCA. It provides
containment cooling for a minimum of 72 hours post-LOCA, with containment pressure never
exceeding its design pressure limit, and without makeup to the IC/PCCS pools, equipment pool,
and reactor well.

The PCCS is an ESF, and therefore a safety-related system.
General System Level Requirements

The PCCS condenser is sized to maintain the containment within its pressure limits for DBAs. The
PCCS is designed as a passive system without power actuated valves or other components that
must actively function in the first 72 hours. Also, it is constructed of stainless steel to design
pressure, temperature and environmental conditions that equal or exceed the upper limits of
containment system reference severe accident capability.

Performance Requirements

The PCCS consists of six PCCS condensers. Each PCCS condenser is made of two identical
modules and each entire PCCS condenser two-module assembly is designed for a minimum 7.8
MW?1 capacity at the following conditions:

» Pure saturated steam in the tubes at 308 kPa absolute (45 psia) and 134°C (273°F).

* Pool water temperature at atmospheric pressure and 102°C (216°F).

Design Pressure and Temperature
The PCCS design pressure and temperature are provided in Table 6.2-10.

The PCCS condenser is an integral part of the containment pressure boundary. Therefore, ASME
Code Section lll Class MC, Seismic Category |, and Tubular Exchanger Manufacturers Association
Class R apply. Material is nuclear grade stainless steel or other material, which is not susceptible to
Intergranular Stress Corrosion Cracking (IGSCC).
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6.2.2.2 System Description

6.2.2.2.1 Summary Description

The PCCS consists of six independent closed loop extensions of the containment. Each loop
contains a heat exchanger (PCCS condenser) that condenses steam on the tube side and transfers
heat to water in a large pool, which is vented to atmosphere.

The PCCS operates by natural circulation. Its operation is initiated by the difference in pressure
between the DW and the WW, which are parts of the ESBWR pressure suppression type
containment system. The DW and WW vacuum breaker must fully close after each demand to
support the PCCS operation. If the vacuum breaker does not close, a backup isolation valve closes.

The PCCS condenser, receives a steam-gas mixture supply directly from the DW. The condensed
steam is drained to a GDCS pool and the gas is vented through the vent line, which is submerged in
the pressure suppression pool.

The PCCS condensers do not have valves, so the system is always available.

6.2.2.2.2 Detailed System Description

The PCCS maintains the containment within its pressure limits for DBAs. The system is designed
as a passive system with no components that must actively function in the first 72 hours after a
DBA, and it is also designed for conditions that equal or exceed the upper limits of containment
reference severe accident capability.

The PCCS consists of six, low pressure, independent sets of two steam condenser modules
(Passive Containment Cooling Condensers), as shown Figure 6.2-16. Each PCCS condenser is
designed for a minimum 7.8 MWt capacity and is made of two identical modules. Together with the
pressure suppression containment (Subsection 6.2.1.1), the PCCS condensers limit containment
pressure to less than its design pressure. The Equipment Storage pool and Reactor Well are
designed to have sufficient water volume to provide makeup water to the IC/PCCS pools for at least
the initial 72 hours after a LOCA without makeup. The Equipment Storage pool and Reactor Well
are connected to Isolation Condenser/Passive Containment Cooling System (IC/PCCS) pools via
pool cross-connect valves (see Figure 6.2-2), which open upon low level in IC/PCCS inner
expansion pool. The PCCS relies on the water in the Equipment Storage pool and Reactor Well to
perform its safety-related function for the first 72 hours of a DBA. The pool cross-connect valves
reside within the ICS described in Subsections 5.4.6, 7.4.4, and 7.5.5. Long-term effectiveness of
the PCCS (beyond 72 hours) credits pool makeup and an active gas recirculation system, which
uses in-line fans to pull DW gas through the PCCS condensers.

The PCCS condensers are located in a large pool (IC/PCCS pool) positioned above the ESBWR
DW.

A central steam supply pipe is provided which is open to the DW airspace at its lower end. The
open end of this pipe is provided with a debris filter with holes no greater than 25 mm (1 inch). The
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maximum inlet velocity during a LOCA is estimated to be no greater than 106 m/s (348 ft/s). The
steam supply feeds two horizontal headers through two branch pipes at its upper end. Steam is
condensed inside vertical tubes and the condensate is collected in two lower headers.

The vent and drain lines from each lower header are routed through the DW through a single
passage per condenser module as shown on the figures.

The condensate drains into an annular duct around the vent pipe and then flows in a line that
connects to a large common drain line, which also receives flow from the other header. The vent
line goes to the suppression pool and is submerged below the water level.

When the drywell pressure is higher than the combined wetwell pressure and vent line
submergence, noncondensable gases vent to the suppression pool. When the drywell pressure is
equal to or lower than the combined wetwell pressure and vent line submergence, noncondensable
gases including hydrogen and oxygen (created by radiolytic decomposition in the core) accumulate
in the lower drum of the PCCS condenser thereby producing a potentially flammable/detonable
mixture. As such, the PCCS condensers are designed to withstand the overpressure and dynamic
effects produced by deflagrations or detonations of these mixtures. Reference 6.2-14 provides
details regarding hydrogen accumulation in the PCCS and their design to withstand deflagrations
and detonations.

To prevent the accumulation of combustible gas in the PCCS vent lines, catalyst modules
containing metal parallel plates coated with platinum/palladium catalyst are placed at the entrance
to the vent line, within each lower drum. These safety-related vent line catalyst modules are seismic
category | and are environmentally qualified for the harsh post-accident environment in combination
with the operating conditions of catalytic recombination, given their 60 year design life. The vent line
catalyst modules are designed and built to withstand detonation loading in combination with other
applicable dynamic loads, without losing their catalytic recombination functionality or negatively
impacting the venting capability of the condenser. Reference 6.2-14 provides details regarding the
detonation loading and structural response of the modules. The catalyst recombination
performance requirements are given in Table 6.2-10. The vent line catalyst modules and catalyst
plates are designed with provisions for surveillance testing and wholesale changeout of the module
assembly or catalyst plates if so desired.

A Passive Containment Cooling vent fan is teed off of each PCCS vent line and exhausts to the
GDCS pool. The fan aids in the long-term removal of noncondensable gas from the PCCS for
continued condenser efficiency. The minimum fan performance requirements are shown in Table
6.2-49. The fans are operated by operator action and are powered by a reliable power source which
has a diesel generator backed up by an ancillary diesel, if necessary, without the need to enter the
primary containment. The discharge of each PCCS vent fan is submerged below the GDCS pool
water level to prevent backflow that could otherwise interfere with the normal venting of the PCCS.
The vent fan discharge line terminates in a drain pan within the GDCS pool so that the gas seal is
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maintained after the GDCS pool drains. The vent fan discharge line is 24 cm (9.4 in) below the top
of the drain pan lip with a tolerance of 1.4 cm (0.6 in). To further prevent reverse flow through an idle
fan, a normally closed isolation valve is installed upstream of the fan. The valve is opened by
operator action and relies on the same power source as the fan. Since the PCCS condensers and
vent piping have the potential for containing hydrogen and oxygen, the vent fans are designed and
constructed so as to not be ignition sources for combustion in accordance with NFPA 69 and AMCA
99-03.

The PCCS condensers receive a steam-gas mixture supply directly from the DW. The PCCS
condensers are initially driven by the pressure difference created between the DW and the
suppression pool during a LOCA and then by gravity drainage of steam condensed in the tubes, so
they require no sensing, control, logic or power-actuated devices to function. In order to ensure the
PCCS can maintain the DW to WW differential pressure to a limit less than the value that causes
pressure relief through the horizontal vents, the vent line discharge point is set at an elevation
submerged below low water level and at least 0.85 m (33.5 in) and no greater than 0.900 m (35.4
in) above the top of the uppermost horizontal vent. The PCCS condensers are an integral part of
the safety-related containment and do not have isolation valves.

The drain line is submerged in the GDCS pool to prevent back-flow of steam and gas mixture from
the DW to the vent line, which would otherwise short circuit the flow through the PCCS condenser
to the vent line. It also provides long-term operational assurance that the PCCS condenser is fed
via the steam supply line. The drain line terminates in the same drain pan as the vent fan discharge
to replace any evaporation loss in the drain pan after the GDCS pool drains.

Each PCCS condenser is located in a subcompartment of the IC/PCCS pool, and all pool
subcompartments communicate at their lower ends to enable full use of the collective water
inventory independent of the operational status of any given IC/PCCS sub-loop.

A valve is provided at the bottom of each PCCS subcompartment that can be closed so the
subcompartment can be emptied of water to allow PCCS condenser maintenance.

Pool water can heat up to about 102°C (216°F); steam formed, being non-radioactive and having a
slight positive pressure relative to station ambient, vents from the steam space above each PCCS
condenser where it is released to the atmosphere through large-diameter discharge vents.

A moisture separator is installed at the entrance to the discharge vent lines to preclude excessive
moisture carryover and loss of IC/PCCS pool water.

IC/PCCS expansion pool makeup clean water supply for replenishing level is normally provided
from the Makeup Water System (Subsection 9.2.3).

Level control is accomplished by using a pneumatic powered or equivalent Power Operated Valve
in the make-up water supply line. The valve opening and closing is controlled by water level signal
sent by a level transmitter sensing water level in the IC/PCCS expansion pool.
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Cooling and cleanup of IC/PCCS pool water is performed by the FAPCS (Subsection 9.1.3).

The FAPCS provides safety-related dedicated makeup piping, independent of any other piping,
which provides an attachment connection at grade elevation in the station yard outside the RB,
whereby a post-LOCA water supply can be connected.

6.2.2.2.3 System Operation

Normal Plant Operation

During normal plant operation, the PCCS condensers are in "ready standby."

Plant Shutdown Operation

During refueling, the PCCS condenser maintenance can be performed, after closing the locked
open valve, which connects the PCCS pool subcompartment to the common parts of the IC/PCCS
pool, and drying the individual partitioned PCCS pool subcompartment.

Passive Containment Cooling Operation

The PCCS receive a steam-gas mixture supply directly from the DW; it does not have any valves,
so it immediately starts into operation, following a LOCA event. Noncondensables, together with
steam vapor, enter the PCCS condenser; steam is condensed inside PCCS condenser vertical
tubes, and the condensate, which is collected in the lower headers, is discharged to the GDCS
pool. The noncondensables are purged to the WW through the vent line. The PCCS vent catalyst
recombines radiolytic hydrogen and oxygen entering the vent line.

The PCCS vent fan can be started to assist the natural venting action to remove noncondensable
gases that could accumulate in the PCCS condensers. TRACG studies have shown that the PCCS
meets its design function without the use of the PCC vent fan for at least 72 hours.

6.2.2.3 Design Evaluation

The PCCS condenser is an integral part of the containment DW pressure boundary and it is used to
mitigate the consequences of an accident. This function classifies it as a safety-related ESF. ASME
Code Section lll, Class MC and Section Xl requirements for design and accessibility of welds for
inservice inspection apply to meet 10 CFR 50, Appendix A, Criterion 16. Quality Group B
requirements apply per RG 1.26. The system is designed to Seismic Category | per RG 1.29. The
common cooling pool that PCCS condensers share with the ICs of the Isolation Condenser System
(ICS) is a safety-related ESF, and it is designed such that no locally generated force (such as an IC
system rupture) can destroy its function. Protection requirements against mechanical damage, fire
and flood apply to the common IC/PCCS pool.

The PCCS components located in a subcompartment of the safety-related IC/PCCS pool are
protected by the IC/PCCS pool subcompartment from the effects of missiles tornados to comply
with 10 CFR 50, Appendix A, Criteria 2 and 4.
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The PCCS condenser cannot fail in a manner that damages the safety-related IC/PCCS pool
because it is designed to withstand induced dynamic loads, which are caused by combined
seismic, DPV/ SRV or LOCA conditions in addition to PCCS operating loads.

In conjunction with the pressure suppression containment (Subsection 6.2.1.1), the PCCS is
designed to remove heat from the containment to comply with 10 CFR 50, Appendix A, Criterion 38.
Provisions for inspection and testing of the PCCS are in accordance with Criteria 39, 52 & 53.
Criterion 51 is satisfied by using nonferritic stainless steel in the design of the PCCS.

The intent of Criterion 40, testing of containment heat removal system is satisfied as follows:
* The structural and leak-tight integrity can be tested by periodic pressure testing.

» Functional and operability testing is not needed because there are no active components of the
system.

» Performance testing during in-plant service is not feasible; however, the performance capability
of the PCCS was proven by full-scale PCCS condenser prototype tests at a test facility before
their application to the plant containment system design. Performance is established for the
range of in-containment environmental conditions following a LOCA. Integrated containment
cooling tests have been completed on a full-height reduced-section test facility, and the results
have been correlated with TRACG computer program analytical predictions; this computer
program is used to show acceptable containment performance (Reference 6.2-10 Section 5.3,
and Reference 6.2-11, Section 13), which is reported in Subsection 6.2.1.1 and Section 15.4.

6.2.2.4  Testing and Inspection Requirements

The PCCS is an integral part of the containment, and it is periodically pressure tested as part of
overall containment pressure testing (Subsection 6.2.6). Also, the PCCS condensers can be
isolated using spectacle flanges for individual pressure testing during maintenance.

The performance of a representative sample of PCCS vent catalyst is tested on a staggered basis
at a frequency of 24 months.

PCCS condenser removal for routine inspection is not required.

Refer to Reference 6.2-14 for inspection requirement for the PCCS condenser.

6.2.2.5 Instrumentation Requirements

The PCCS does not have instrumentation. Control logic is not needed for its functioning. There are
no sensing and power actuated devices except for the vent fans. Containment System
instrumentation is described in Subsection 6.2.1.7.

6.2.3 Reactor Building Functional Design

Relevant to the function of a secondary containment design, this subsection addresses (or
references to other locations that address) the applicable requirements of GDC 4, 16, and 43 and
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Appendix J to 10 CFR 50 discussed in SRP 6.2.3 R2. The plant meets the relevant and applicable
requirements of:

» GDC 4 as it relates to safety-related structures, systems and components being designed to
accommodate the effects of normal operation, maintenance, testing and postulated accidents,
and being protected against dynamic effects (for example, the effects of missiles, pipe whipping,
and discharging fluids) that may result from equipment failures.

* GDC 16 as it relates to reactor containment and associated systems being provided to establish
an essentially leak-tight barriers against the uncontrolled release of radioactive material to the
environment.

» GDC 43 as it relates to atmosphere cleanup systems having the design capability to permit
periodic functional testing to ensure system integrity, the operability of active components, and
the operability of the system as a whole and the performance of the operational sequence that
brings the system into operation.

* 10 CFR 50, Appendix J as it relates to the secondary containment being designed to permit
preoperational and periodic leakage rate testing so that bypass leakage paths are identified.

This subsection applies to the ESBWR RB design. The RB structure encloses penetrations through
the containment (except for those of the main steam tunnel and IC/PCCS pools). The RB:

* Provides an added barrier to fission product released from the containment in case of an
accident.

» Contains, dilutes, and holds up any leakage from the containment.
* Houses safety-related systems.

The RB consists of rooms/compartments, which are served by one of the three ventilation
subsystems; Contaminated Area Ventilation Subsystem (CONAVS), Refueling and Pool Area
HVAC Subsystem (REPAVS), and Clean Area Ventilation Subsystem (CLAVS). None of these
compartmentalized areas communicate with each other.

Under accident conditions, the RB (CONAVS and REPAVS areas) automatically isolate on high
radiation to provide a hold up volume for fission products. When isolated, the RB (CONAVS and
REPAVS areas) can be serviced by the RB HVAC On-Line Purge Exhaust Filter units (CONAVS
and REPAVS areas) and the RB HVAC Accident Exhaust Filter units (CONAVS areas) (Subsection
9.4.6). No credit is taken for the filters in dose consequence analyses (Subsection 15.4.4). While
the RB HVAC Accident Exhaust Filter units are a defense in depth feature, operation of the system
for a period of 30 days following a design basis accident was evaluated using the design basis
LOCA RADTRAD model described in chapter 15 (Subsection 15.4.4) to ensure the design basis
LOCA analysis results remain bounding. The RB HVAC Accident Exhaust Filter dose consequence
analysis was conservative in that no credit was taken for CONAVS area drawdown while operating
the RB HVAC Accident Exhaust Filter unit over the design flowrate range in parallel with the RB
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design exfiltration. Credit of cleanup of the CONAVS area from operation of RB HVAC Accident
Exhaust Filter units (95% carbon filter efficiency) was assumed. The radiological consequences
presented in Chapter 15 for the design basis LOCA are bounding as long as operation of the RB
HVAC Accident Exhaust Filter units is delayed at least eight hours post accident. Operation of the
filter units at an earlier post accident time requires site specific radiological consequence
evaluation.

With low leakage and stagnant conditions, the basic mitigating function is the hold up of fission
products in the RB CONAVS area itself. The ESBWR design does not include a secondary
containment; however credit is taken for the existence of the RB CONAVS area surrounding the
primary containment vessel in radiological analyses. CONAVS areas envelope all containment
penetrations except penetration for main steam and feedwater lines located in the main steam
tunnel. The radiological dose consequences for LOCAs, based on an assumed containment leak
rate of 0.35% per day and RB CONAVS area leakage rate of 141.6 I/s (300 cfm), show that offsite
and control room doses after an accident are less than allowable limits, as discussed in
Table 15.4-9.

During normal plant operation, potentially contaminated areas within the RB are kept at a negative
pressure with respect to the environment while clean areas are maintained at positive pressure.
The ESBWR does not need, and thus has no filter system that performs a safety-related function
following a design basis accident, as discussed in Subsection 6.5.2.3. Therefore the design
criterion of GDC 43 is not applicable.

The effect of RB leakage less than the maximum leak rate used in the accident dose calculations
has the potential to increase the radiation dose inside the RB following a design basis accident. The
evaluation of the increased radiation levels to equipment is addressed through the environmental
qualification program and any increased hazards during post-accident RB re-entry are addressed
by the emergency planning program through emergency operating procedures.

Personnel and equipment entrances to the RB consist of vestibules with interlocked doors and
hatches. Large equipment access is by means of a dedicated, external access tower that provides
the necessary interlocks.

6.2.3.1 Design Bases
The RB is designed to meet the following safety design bases:

+ The RB maintains its integrity during the environmental conditions postulated for a DBA.

» The Reactor Building HVAC System (RBVS) subsystems (CONAVS and REPAVS) automatically
isolates upon detection of high radiation levels in their respective ventilation exhaust system.

* Openings through the RB boundary, such as personnel and equipment doors, are closed during
normal operation and after a DBA by interlocks or administrative control. These doors are
provided with position indicators and alarms that are monitored in the control room.
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 Detection and isolation capability for high-energy pipe breaks within the RB is provided.

* The compartments within the RB are designed to withstand the maximum pressure due to a
High Energy Line Break (HELB). Each line break analyzed is a double-ended break. In this
analysis, the rupture producing the greatest blowdown of mass and enthalpy in conjunction with
worst-case single active component failure is considered. Blowout panels between
compartments provide flow paths to relieve pressure.

» The RB is capable of periodic testing to assure that the leakage rates assumed in the
radiological analyses are met. The radiological analyses assume the RB CONAVS served areas
form this boundary.

6.2.3.2 Design Description

The RB is a reinforced concrete structure that forms an envelope completely surrounding the
containment (except the basemat). The boundary of the clean areas and the RB are shown in
Figure 6.2-17.

During normal operation, the RB potentially contaminated areas are maintained at a slightly
negative pressure relative to adjoining areas by the CONAVS portion of the RBVS (Subsection
9.4.6). This assures that any leakage from these areas is collected and treated before release.
Airflow is from clean to potentially contaminated areas. RB effluents are monitored for radioactivity
by RB/Fuel Buidling (FB) stack radiation monitors. If the radioactivity level rises above set levels,
the discharge can be routed through RB HVAC online purge Exhaust Filter Unit system for
treatment before further release.

Penetrations through the RB envelope are designed to minimize leakage. All piping and electrical
penetrations are sealed for leakage. The RBVS is designed with safety-related isolation dampers
and tested for isolation under various accident conditions.

HELBs in any of the RB compartments do not require the building to be isolated. These breaks are
detected and the broken pipe is isolated by the closure of system isolation valves (Subsection
7.4.3). There is no significant release of radioactivity postulated from these types of accidents
because reactor fuel is not damaged.

The RB is equipped with safety-related passively acting pressure relief devices that allow the refuel
floor to vent to the environment if cooling is lost to the auxiliary pools during an outage. The devices
open at a high-pressure set point equivalent to the full tornado pressure drop described in Section
3.3.2.2.

The following paragraphs are brief descriptions of the major compartments in the ESBWR design.

Reactor Water Cleanup (RWCU) Equipment and Valve Rooms

The two independent RWCU divisions are located in the 0-90° and 270-0° quadrants of the RB. The
RWCU equipment (pumps, heat exchangers, and filter/demineralizers) is located on floor elevations
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- 11500 mm and -6400 mm with separate rooms for equipment and valves. The RWCU piping
originates at the reactor pressure vessel. High energy piping leads to the RWCU divisions through
a dedicated, enclosed, pipe chase. The steam/air mixture resulting from a HELB in any RWCU
compartment is directed through adjoining compartments and pipe chase to HELB blowout panels
on the side of the RB (not connected to the operating floor). Figures 6.2-18a, 6.2-18b, and 6.2-18c
show the model of the RB compartments with the interconnecting flow paths for a typical analysis.
The design basis break for the RWCU system compartment network is a double-ended break. The
selected break cases are identified in Table 6.2-11. Figures 6.2-19 through 6.2-27 provide the
pressure profiles due to all postulated RWCU/SDC system break cases for each individual
room/region. The envelope profile represents the calculated maximum pressure response values
for the given room/region due to all postulated RWCU/SDC system pipe breaks. No margin is
included in these pressure profiles. Figure 6.2-18a to Figure 6.2-18c show the mass and energy
release for the break cases analyzed.

Isolation Condenser (IC) System

The isolation condensers are located in the RB at the 27000 mm elevation. The IC steam supply
line is connected directly to the RPV. The supply line leads to a steam distribution header, which
feeds four pipes. Each pipe has a flow limiter to mitigate the consequences of an IC line break. The
IC design basis break is a double-ended break in the piping after the steam header and flow
restrictors. The IC/PCCS pool is vented to atmosphere to remove steam generated in the IC pools
by the condenser operation. In the event of an IC break, the steam/air mixture is expected to
preferentially exhaust through hatches in the refueling floor (Figure 1.2-9) and into the RB operating
area with portions of the steam directed through the pool compartments to the RB/FB stack, which
is vented to the atmosphere. Because the vent path through the hatches leads to the refueling floor
area, which is a large open space with no safety implications, this event was excluded from the
pressurization analysis.

Main Steam (MS) Tunnel

The RB main steam tunnel is located between the primary containment vessel and the turbine
building (TB). The limiting break is a main steam line longitudinal break. The main steam lines
originate at the RPV and are routed through the steam tunnel to the TB. The steam/air mixture
resulting from a main steam line break is directed to the TB through the steam tunnel. The pressure
capability of the steam tunnel compartment is discussed in Subsection 3G.1.5.2.1.10. No blowout
panels are required in the steam tunnel because the flow path between the steam tunnel and the
TB is open.
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6.2.3.3 Design Evaluation

Fission Product Containment

There is sufficient water stored within the containment to cover the core during both the blowdown
phase of a LOCA and during the long-term post-blowdown condition. Because of this continuous
core cooling, fuel damage and fission product release is a very low probability event. If there is a
release from the fuel, most fission products are readily trapped in water. Consequently, the large
volume of water in the containment is expected to be an effective fission product scrubbing and
retention mechanism. Also, because the containment is located entirely within the RB, multiple
structural barriers exist between the containment and the environment. Therefore, fission product
leakage from the RB is mitigated.

Compartment Pressurization Analysis

RWCU pipe breaks in the RB and outside the containment were postulated and analyzed at 102%
power and 187.8°C (370°F) feedwater temperature. For compartment pressurization analyses,
HELB accidents are postulated due to piping failures in the RWCU system where locations and size
of breaks result in maximum pressure values. Calculated pressure responses have been
considered in order to define the peak pressure of the RB compartments for structural design
purposes. The calculated peak compartment pressures, which include a 10% margin, are listed in
Table 6.2-12a, out of which the maximum is 35.2 kPaG (5.11 psig) which is below the RB
compartment pressurization design requirement as discussed in Subsection 3G.1.5.2.1.11.

Values of the mass and energy releases produced by each break are in accordance with
ANSI/ANS-56.4. The mass and energy blowdown from the postulated broken pipe terminates when
system isolation valves are fully closed after receiving the pertinent isolation closure signal.

A conservative RWCU model based on RELAP5/Mod3.3 has been developed to evaluate the mass
and energy release for the five break locations. Total blowdown duration is based on the
assumption that the isolation valve starts to close at 46 seconds (1 second instrument time plus 45
seconds built in time delay in blowdown differential flow detection logic) after the break and the
isolation valve is fully closed in 15 seconds. Mass and energy blowdown data are shown in
Figure 6.2-18a to Figure 6.2-18c.

After the initial inventory depletion period, the steady RPV blowdown is choked at the venturi
located upstream of the isolation valve since the venturi flow area is smaller than the isolation valve
flow area. After the isolation valve starts closing, as soon as the valve area becomes equal to the
venturi flow area, the break flow is choked at the isolation valve. The break flow stops when the
isolation valve is fully closed.

The narrative of the event described above is applicable to all five cases analyzed since the breaks
are all located downstream of the isolation valve and the dynamics of the break responses are
similar. Descriptions of the break locations and break sizes are provided in Table 6.2-11.
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Subcompartment pressurization effects resulting from the postulated breaks of high energy piping
have been performed according to ANSI/ANS-56.10. In order to calculate the pressure response in
the RB and outside the containment due to high energy line break accidents, CONTAIN 2.0 code
was used according to the nodalization schemes shown in Figures 6.2-18a, 6.2-18b, and 6.2-18c.
The nodalization contains the rooms where breaks occur, and all interconnected rooms/regions
through flow paths such as doors, hatches, etc. Flow path and blow out panel characteristics are
given in Table 6.2-12, and subcompartment nodal description are given in Table 6.2-12a. Blow out
panels are passive, and blow out pressure listed in Table 6.2-12 is the upper bound. Heat sinks are
credited and the characteristics are given in Table 6.2-12c.

The selected nodalization maximizes differential pressure. Owing to the geometry of the regions,
each room/region was assigned to a node of the model. No simple or artificial divisions of rooms
were considered to evaluate the sensitivity of the model to nodalization. A sensitivity study of
pressure response was performed to select the time step. Additional sensitivity studies were
performed to evaluate the impact of the heat sinks, dropout, and inertia term. Modeling follows the
recommendations given by SMSAB-02-04, “CONTAIN Code Qualification Report/User Guide for
Auditing Subcompartment Analysis Calculations,” Reference 6.2-13.

6.2.3.4 Tests and Inspections

Position status indication and alarms for doors, which are part of the RB envelope, are tested
periodically. Leakage testing and inspection of other architectural openings are also performed on a
regular basis. The RB (CONAVS area) is capable of periodic testing to ensure that the leakage
rates assumed in the radiological analysis are met as required under Technical Specification
3.6.3.1. RB exfiltration testing is a positive pressure test of the CONAVS volume confirming that the
test leak criteria bounds the analytical limit derived in the dose modeling. A nominal 74 inch w.g.
differential pressure bounds the effects of worst-case wind loading applied across a face of the RB.
Numerous pressure measurements are taken at designated areas and interconnecting doors and
dampers are opened to ensure uniform pressure is established within the contaminated areas of
the RB (CONAVS area). The RB exfiltration test pressure is maintained for sufficient period of time
to ensure steady state conditions are established (approximately %z hr to 1 hr). This RB exfiltration
test leak rate acceptance criteria are adjusted base on the actual CONAVS area test differential
pressure applied to ensure that the impact of test parameter uncertainties are minimized (flow
instrument uncertainty, CONAVS area temperature and pressure gradients).

6.2.3.5 Instrumentation Requirements
Details of the initiating signals for isolation are given in Subsection 7.3.3.

Doors that form part of the RB boundary are fitted with position status indication and alarms.
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6.2.4 Containment Isolation Function

The primary objective of the containment isolation function is to provide protection against releases
of radioactive materials to the environment as a result of an accident. The objective is
accomplished by isolation of lines or ducts that penetrate the containment vessel. Actuation of the
containment isolation function is automatically initiated at specific limits defined for reactor plant
operation. After the isolation function is initiated, it goes through to completion. Containment
isolation signals result from diverse sources of sensory inputs. Subsections 5.2.5 and 7.3.3.2
describe the parameters used to initiate these signals.

Relevant to the containment isolation function, this subsection addresses or references to other
locations that address the applicable requirements of GDC 1, 2, 4, 16, 54, 55, 56, and 57 and
Appendix K to 10 CFR Part 50 discussed in SRP 6.2.4 R2. RG 1.141 and ANS 56.2 are used as
guidance documents for the design of containment isolation provisions for fluid systems. The plant
meets the relevant requirements of:

+ GDC 1, 2, and 4 as they relate to safety-related systems being designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety function to be
performed; systems being designed to withstand the effects of natural phenomena (for example,
earthquakes) without loss of capability to perform their safety functions; and systems being
designed to accommodate postulated environmental conditions and protected against dynamic
effects (for example, missiles, pipe whip, and jet impingement), respectively.

+ GDC 16 as it relates to a system, in concert with the reactor containment, being provided to
establish an essentially leak tight barrier against the uncontrolled release of radioactive material
to the environment.

» GDC 54, as it relates to piping systems penetrating the containment being provided with leak
detection, isolation, and containment capabilities having redundant and reliable performance
capabilities, and as it relates to design function incorporated to permit periodic operability testing
of the containment isolation function, and leak rate testing of isolation valves.

+ GDC 55 and 56 as they relate to lines that penetrate the primary containment boundary and
either are part of the reactor coolant pressure boundary or connect directly to the containment
atmosphere being provided with isolation valves as follows:

— One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or

— One automatic isolation valve inside and one locked closed isolation valve outside
containment; or

— One locked closed isolation valve inside and one automatic isolation valve outside
containment. A simple check valve may not be used as the automatic isolation valve
outside containment; or
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— One automatic isolation valve inside and one automatic isolation valve outside
containment. A simple check valve may not be used as the automatic isolation valve
outside containment.

Certain systems require alternative containment isolation arrangements that are an exception to the
above requirements. These exceptions are listed in Table 1.9-6 and are qualified on a case-by-case
basis.

GDC 57 as it relates to lines that penetrate the primary containment boundary and are neither
part of the reactor coolant pressure boundary nor connected directly to the containment
atmosphere being provided with at least one locked closed, remote-manual, or automatic
isolation valve outside containment. This valve is to be outside containment and located as close
to the containment as practical. A simple check valve may not be used as the automatic isolation
valve.

Appendix K to 10 CFR 50 as it relates to the determination of the extent of fuel failure (source
term) used in the radiological calculations.

6.2.4.1 Design Bases

Safety Design Bases

Containment isolation valves provide the necessary isolation of the containment in the event of
accidents or other conditions and prevent the unfiltered release of containment contents that
cannot be permitted by 10 CFR 52.47(a)(2)(iv) limits. Leak-tightness of the valves shall be
verified by Type C test.

Capability for rapid closure or isolation of pipes or ducts that penetrate the containment is
performed by means or devices that provide a containment barrier to limit leakage within
permissible limits.

The design of isolation valves for lines penetrating the containment follows the requirements of
General Design Criteria 54 through 57. Exemptions from these GDCs are listed in Table 1.9-6.

Isolation valves for instrument lines that penetrate the DW/containment conform to the
requirements of RG 1.11.

Isolation valves, actuators and controls are protected against loss of their safety-related function
from missiles and postulated effects of high and moderate energy line ruptures.

Design of the containment isolation valves and associated piping and penetrations meets the
requirements for Seismic Category | components.

Containment isolation valves and associated piping meet the requirements of the ASME Boiler
and Pressure Vessel Code, Section Ill, Class 1 or 2, in accordance with their quality group
classification.
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» The design of the control functions for automatic containment isolation valves ensures that
resetting the isolation signal shall not result in the automatic reopening of containment isolation
valves.

» Penetrations with trapped liquid volume between the isolation valves have adequate relief for
thermally-induced pressurization.

* Piping penetrations through the containment (that is, penetration themselves and not the pipes)
are designed to the requirements of subsection NE, (MC component) of Section Il of the ASME
Code.

Design Requirements

The containment isolation function automatically closes fluid penetrations of fluid systems not
required for emergency operation. Fluid penetrations supporting ESF systems have remote manual
isolation valves that can be closed from the control room, if required.

The isolation criteria for the determination of the quantity and respective locations of isolation
valves for a particular system conform to General Design Criteria 54, 55, 56, 57, and RG 1.11.
Redundancy and physical separation are required in the electrical and mechanical design to ensure
that no single failure in the containment isolation function prevents the system from performing its
intended functions.

Protection of containment isolation function components from missiles is considered in the design,
as well as the integrity of the components to withstand seismic occurrences without loss of
operability. For power-operated valves used in series, no single event can interrupt motive power to
both closure devices. Pneumatic powered or equivalent containment isolation power-operated
valves are designed to fail to the closed position for containment isolation upon loss of the operator
gas supply or electrical power with the exception of the following lines that are fail as-is:

* Isolation Condenser System steam supply.

* Isolation Condenser System condensate return.

* Fuel and Auxiliary Pools Cooling System suppression pool suction.
» Fuel and Auxiliary Pools Cooling System suppression pool return.

The containment isolation function is designed to Seismic Category |. Safety and quality group
classifications of equipment and systems are found in Table 3.2-1. Containment isolation valve
functions are identified in Tables 6.2-15 through 6.2-45.

Penetration piping is evaluated for entrapped liquid subject to thermally-induced pressurization
following isolation. The preferred pressure relief method is through a self-relieving penetration by
selection and orientation of an inboard isolation valve that permits excess fluid to be released
inward to the containment. Use of a separate relief valve to provide penetration piping overpressure
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protection is permissible on a case-by-case basis when no other isolation valve selection option is
available.

The criteria for the design of the LD&IS, which provides containment and reactor vessel isolation
control, are listed in Subsection 7.1.2. The bases for assigning certain signals for containment
isolation are listed and explained in Subsection 7.3.3.

6.2.4.2 System Design

The containment isolation function is accomplished by valves and control signals, required for the
isolation of lines penetrating the containment. The RCPB influent lines are identified in Table 6.2-13,
and the RCPB effluent lines are identified in Table 6.2-14. Tables 6.2-15 through 6.2-45 show the
pertinent data for the containment isolation valves, except for excess flow check valves, which are
discussed in Subsection 6.2.4.2.2. Containment isolation valves are located as close to the
containment as practical. Sufficient space is provided between the valves and the containment
boundary to permit the following:

* Inservice inspection of non-isolable welds
10 CFR 50 Appendix J leak testing

» Cutout and replacement of isolation valves using standard pipe fitting tools and equipment

* Local control
* Valve seat resurfacing in place

A detailed discussion of the LD&IS controls associated with the containment isolation function is
included in Subsection 7.3.3.

Power-operated containment isolation valves have position indicating switches in the control room
to show whether the valve is open or closed. Power for valves used in series originates from
physically independent sources without cross ties to assure that no single event can interrupt
motive power to both closure devices.

All power-operated valves with geared or bi-directional actuators (motorized or fluid-powered)
remain in their last position upon failure of valve power. All power-operated valvess with
fluid-operated/spring-return actuators (not applicable to air-testable check valves) close on loss of
fluid pressure or power supply. To support the inerted containment design, pneumatic actuators for
valves located inside containment are supplied with pressurized nitrogen gas, whereas pneumatic
actuators for valves located outside of containment are generally supplied compressed air.

The design of the containment isolation function includes consideration for possible adverse effects
of sudden isolation valve closure when the plant systems are functioning under normal operation.

General compliance or alternate approach assessment for RG 1.26 may be found in Subsection
3.2.2. General compliance or alternate approach assessment for RG 1.29 may be found in
Subsection 3.2.1.

6-54 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

Containment isolation valves are generally automatically actuated by the various signals in primary
actuation mode or are remote-manually operated in secondary actuation mode. Other appropriate
actuation modes, such as process-actuated check valves, are identified in the containment isolation
valve information Tables 6.2-15 through 6.2-45.

Systems containing penetrations that support or provide a flow path for emergency operation of
ESF systems are not automatically isolated. The penetrations supporting ESF systems include
some of the FAPCS penetrations. Those FAPCS penetrations required for emergency operation
include remote manual isolation valves or check valves. In addition, the SLC System and ICS are
ESF systems that have fluid paths through containment penetrations. The SLC penetrations are not
automatically isolated and do not contain remote manual isolation valves. Instead, the SLC
penetrations are isolated if necessary by process-actuated check valves, but only after the SLC
flow into the reactor pressure vessel/containment has ceased following an accident. The ICS
penetrations listed in Tables 6.2-23 through 6.2-30 consist of various system process lines, all of
which may be open or required to be opened following an accient in order to perform the required
ESF function. The ICS penetration flow paths contain remote manual isolation valves,
process-actuated flow control valves, or automatic isolation valves that only close for the applicable
ICS train if leakage outside of containment is detected through IC/PCCS pool high radiation or IC
lines high flow.

6.2.4.2.1 Containment Isolation Valve Closure Times

Containment isolation valve closure times are established by determining the isolation requirements
necessary to keep radiological effects from exceeding guidelines in 10 CFR 52.47. For system
lines, which can provide an open path from the containment to the environment, a discussion of
valve closure time bases is provided in Chapter 15. However the design values of closure times for
power-operated valves is more conservative than the above requirement. For valves above 80 mm
(3 inches) up to and including 300 mm (12 inches) in diameter, the closure time is at least within a
time determined by dividing the nominal valve diameter by 300 mm (12 inches) per minute. Valves
80 mm (3 inches) and less generally close within 15 seconds. All valves larger than 300 mm (12
inches) in diameter close within 60 seconds unless an accident radiation dose calculation is
performed to show that the longer closure time does not result in a significant increase in offsite
dose.

6.2.4.2.2 Instrument Lines Penetrating Containment

Sensing instrument lines penetrating the containment follow all the recommendations of RG 1.11,
as follows:

» Each line includes a 8 mm (4 inch) diameter orifice such that in the event of a piping or
component failure, leakage is reduced to the maximum extent practical consistent with other
safety requirements. The rate of coolant loss is within the makeup capability, the integrity and
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functional performance of secondary containment and associated safety systems is maintained
and the potential offsite exposure is substantially below the limits of 10 CFR 52.47(a)(2)(iv).

» Each line is provided with a self-actuated excess flow check valve located outside containment,
as close as practical to the containment. These check valves are designed to remain open as
long as the flow through the instrument lines is consistent with normal plant operation; however,
if the flow rate is increased to a value representative of a loss of piping integrity outside
containment, the valves close. These valves reopen automatically when the pressure in the
instrument line is reduced.

* The instrument lines are designated as Quality Group B up to and including the isolation valve,
located and protected to minimize the likelihood of damage, protected or separated to prevent
failure of one line from affecting the others, accessible for inspection and not so restrictive that
the response time of the connected instrumentation is affected.

6.2.4.2.3 Compliance with General Design Criteria and Regulatory Guides

In general, all requirements of General Design Criteria 54, 55, 56, 57 and RGs 1.11 and 1.141 are
met in the design of the containment isolation function. A case-by-case analysis of all such
penetrations is given in Subsection 6.2.4.3.

6.2.4.2.4 Operability Assurance, Codes and Standards, and Valve Qualification and Testing

Protection is provided for isolation valves, actuators and controls against damage from missiles. Al
potential sources of missiles are evaluated. Where possible hazards exist, protection is afforded by
separation, missile shields or by location outside the containment. Tornado missile protection is
afforded by the fact that all containment isolation valves are inside the missile-proof RB.
Internally-generated missiles are discussed in Subsection 3.5.1, and the conclusion is reached that
there are no potentially damaging missiles generated. Dynamic effects from pipe break (jet
impingement and pipe whip) are discussed in Section 3.6. The arrangement of containment
isolation valves inside and outside the containment affords sufficient physical separation such that a
high energy pipe break would not preclude containment isolation. The containment isolation
function piping and valves are designed in accordance with Seismic Category I.

Section 3.11 presents a discussion of the environmental conditions, both normal and accidental, for
which the containment isolation valves and pipe are designed. Containment isolation valves and
associated pipes are designed to withstand the peak calculated temperatures and pressures during
postulated design basis accidents to which they would be exposed. The section discusses the
qualification tests required to ensure the performance of the isolation valves under particular
environmental conditions.

Containment isolation valves are designed in accordance with the requirements of ASME Code,
Section Ill and meet at least Group B quality standards, as defined in RG 1.26. Where necessary, a
dynamic system analysis which covers the impact effect of rapid valve closures under operating
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conditions is included in the design specifications of piping systems involving containment isolation
valves. Valve operability assurance testing is discussed in Subsection 3.9.3.5. The power-operated
and automatic isolation valves are cycled during normal operation to assure their operability.

Subsection 6.2.6 describes leakage rate testing of containment isolation barriers.

6.2.4.2.5 Redundancy and Modes of Valve Actuations

The main objective of the Containment Isolation Function is to provide environmental protection by
preventing releases of radioactive materials. This is accomplished by complete isolation of system
lines penetrating the containment. Redundancy is provided in all design aspects to satisfy the
requirement that no single active failure of any kind should prevent containment isolation.

Mechanical components are redundant, in that isolation valve arrangements provide backup in the
event of accident conditions. Isolation valve arrangements satisfy all requirements specified in
General Design Criteria 54, 55, 56 and 57, and RGs 1.11 and 1.141, except as noted in Table 1.9-6.

Isolation valve arrangements with appropriate instrumentation are shown in the P&IDs. The
isolation valves generally have redundancy in the mode of actuation, with the primary mode being
automatic and the secondary mode being remote manual.

A program of testing (Subsection 6.2.4.4) is maintained to ensure valve operability and
leak-tightness. The design specifications require each isolation valve to be operable under the most
severe operating conditions that it may experience. Each isolation valve is afforded protection by
separation or adequate barriers from the consequences of potential missiles.

Electrical redundancy is provided for each set of isolation valves, eliminating dependency on one
power source to attain isolation. Electrical cables for isolation valves in the same line are routed
separately. Cables are selected and based on the specific environment to which they may be
subjected (for example, magnetic fields, high radiation, high temperature and high humidity).

The plant operators apply administrative controls using established procedures and checklist for all
non-powered containment isolation valves to ensure that their position is maintained and known.
The position of all power-operated isolation valves is indicated in the control room. Discussion of
instrumentation and controls for the isolation valves is included in Subsection 7.3.3. "Non-powered"
ClVs are manual valves, check valves, and also may include certain safety or relief valves. In
general, only manual valves are configured to permit administrative control. Further, compliance
with GDCs 55 through 57 requires that the manual CIVs be locked closed. Powered or
non-powered ClVs in the ESBWR design that are defined as passive valves (Table 3.9-8) are
designed to have their position administratively controlled or are prudently inhibited from being
repositioned (for example, by inadvertent operator control action). For these valves, the Combined
License (COL) Holder may use any of the administrative methods that apply, including but not
limited to, wire locks, tab locks, chain or bar and padlocks, secured or covered switches,
deenergized and locked-out electrical breakers, removed fuses, or closed-and-locked fluidic power
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supply valves, in conjunction with alignment control procedures. These administrative controls meet
the requirements of RG 1.141 and satisfy the standards of ANS-56.2/ANSI N271-1976. Where
applicable, and using technically reliable design(s), check valves are equipped with a means for
position indication. Excess flow check valves, typically used in instrument line isolation, are also
equipped with position indication devices. If a safety or relief type valve is used as a Containment
Isolation Valve (CIV), a position indication device is included in the design to indicate that the valve
is open, either by direct sensing of disk position (e.g., follower rod with inductive sensor) or indirect
means (e.g., tailpipe thermal sensor).

6.2.4.3 Design Evaluation

A discussion of the main objectives of the containment, the arrangements, the redundancies and
the position control of all non-powered isolation valves and all power operated isolation valves is
included in Subsection 6.2.4.2.5.

6.2.4.3.1 Evaluation Against General Design Criterion 55

The RCPB, as defined in 10 CFR 50, Section 50.2, consists of the RPV, pressure-retaining
appurtenances attached to the vessel, valves and pipes which extend from the RPV up to and
including the outermost isolation valves. The lines of the RCPB, which penetrate the containment,
include functions for isolation of the containment, thereby precluding any significant release of
radioactivity. Similarly, for lines which do not penetrate the containment but which form a portion of
the RCPB, the design ensures that isolation of the RCPB can be achieved.

The following paragraphs summarize the basis for ESBWR compliance with the requirements
imposed by General Design Criterion 55.

6.2.4.3.1.1 Influent Lines

GDC 55 states that each influent line, which penetrate the containment directly to the RCPB, be
equipped with at least two isolation valves, one inside the containment and the other as close to the
external side of the containment as practical. Table 6.2-13 lists the influent pipes that comprise the
RCPB and penetrate the containment. The table summarizes the design of each line as it satisfies
the requirements imposed by General Design Criterion 55.

Feedwater Line

The feedwater line is part of the reactor coolant pressure boundary as it penetrates the containment
to connect with the RPV (Figure 5.1-2). It has three containment isolation valves, the inboard
isolation is a simple check valve with process-actuated closure, and the two outboard valves are
gate valves with automatic closure. There is a branch connection to each feedwater line on the
outboard side of the penetration and between the penetration and the inner outboard feedwater
isolation valve. The branch connection is isolated by a testable check valve. An additional simple
check valve is located outboard of the feedwater containment isolation valves for function
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redundancy. Two check valves redundantly isolate the feedwater line or branch connection line in
the event of an outboard feedwater pipe or branch connection pipe rupture (feedwater HELB). Two
gate valves, isolate the line in the event of an inboard feedwater pipe rupture or other LOCA, or
vessel overfill event. The inboard and outboard isolation valves are located as close as practicable
to the containment wall. More detail about the feedwater lines isolation configuration is provided in
Subsection 5.4.5.

Isolation Condenser Condensate and Venting Lines

The containment isolation provisions for the ICS condensate, vent, and purge lines constitute an
alternative design basis beyond what is described by GDC 55. The following rationale support this
alternative design:

The isolation condenser condensate lines contain two valves in series inside containment which,
combined with a closed loop outside containment provide sufficient containment isolation. The
isolation condenser venting lines extend from the isolation condenser through the containment. The
containment isolation provisions for the vent lines are all inboard of containment and are all
associated with a closed loop outside containment in addition to a submerged discharge point
inside containment (in the suppression pool). In addition, the vent lines are configured as follows:

» Upper header vent line is equipped with two normally closed, fail closed, safety-related solenoid
valves in series (FOO7 and FOO08).

» Lower header vent line is equipped with a flow restricting orifice. The flow restricting orifice has a
hole size of 0.167 cm2 (0.0259 in2), which is equivalent to a hole diameter of 4.60 mm (0.181
in).

» Lower header vent bypass line is equipped with a safety-related high-pressure relief valve
(FO11) in series with a safety-related normally closed, fail open solenoid valve (F012) for the
lower header vent bypass line.

The venting lines described above connect together downstream of these containment isolation
provisions and terminate below the minimum drawdown level in the suppression pool. An isolation
condenser purge line also penetrates the containment and it contains an excess flow check valve
and a normally open shutoff valve. Each IC condensate line has two open condensate return line
isolating shutoff valves (FO03 and F004) located in the containment where they are protected from
outside environmental conditions, which may be caused by a failure outside the containment. The
condensate lines are automatically isolated when leakage is detected.

The IC condensate line isolation valves and the pipes penetrating the containment are designed in
accordance to ASME Code Section lll, Class 1 Quality Group A, Seismic Category |. Penetration
sleeves used at the locations where the condensate return pipes exit the pool at the containment
pressure boundary are designed and constructed in accordance with the requirements specified
within Subsection 3.6.2.1. In addition, the IC System outside the containment consists of a closed
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loop designed to ASME Code Section lll, Class 2, Quality Group B, Seismic Category |, which is a
"passive" substitute for an open "active" valve outside the containment. The vent lines are 20 mm
(0.75 inch) in diameter, and their inboard isolation valves (and restricting orifice) are designed to
ASME Code Section lll, Class 2 Quality Group B, Seismic Category |. The IC purge line isolation
valves and the pipes penetrating the containment are designed in accordance to ASME Code
Section lll, Class | Quality Group A, Seismic Category |. The purge line is a 20 mm (0.75 inch) line
that utilizes a closed system outside containment, and a fail closed isolation valve in series with an
excess flow check valve inside containment. The combination of an already closed loop outside the
containment plus the two series automatic isolation valves inside the containment comply with the
requirements of isolation functions of US NRC Code of Federal Regulations 10 CFR 50, Appendix
A, Criteria 55. It is more practical to locate both valves inside containment because a valve outside
containment would be submerged in the IC/PCCS pool. The isolation valves shall be located as
close to the containment boundary as possible, and the pipe between the outermost isolation valve
and the containment shall be designed to the requirements of SRP 3.6.2 to minimize the chances of
a break in this area. A break on any of these influent lines could be contained by either of the
redundant isolation valves. Furthermore, a break between the isolation valves and the containment
would still be contained by the closed system outside containment, and would require an additional
break before a radioactive release could occur. Therefore, this design can accommodate a single
failure.

Standby Liquid Control System Line

The SLC system line penetrates the containment to inject directly into the RPV. In addition to a
simple check valve inside the containment, a check valve, together with two parallel squib-activated
valves are located outside the DW. Because the SLC line is normally closed, rupture of this
non-flowing line is extremely improbable. However, should a break occur subsequent to the
opening of the squib-activated valves, the check valves ensure isolation. All mechanical
components required for boron injection are at least Quality Group B. Those portions which are part
of the reactor coolant pressure boundary are classified Quality Group A.

6.2.4.3.1.2 Effluent Lines

GDC 55 states that each effluent line, which form part of the reactor coolant pressure boundary and
penetrate the containment, be equipped with two isolation valves; one inside the containment and
one outside, located as close to the containment wall as practicable.

Table 6.2-14 lists those effluent lines that comprise the reactor coolant pressure boundary and
which penetrate the containment.
Main Steam and Drain Lines

The main steam lines, which extend from the RPV to the main turbine and condenser system,
penetrate the containment. The main steam drain lines connect the low points of the steam lines,
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penetrate the containment and are routed to the condenser hotwell. For these lines, isolation is
provided by automatically actuated shutoff valves, one inside and one just outside the containment.
The Main Steam Isolation Valves (MSIVs) are described in Subsection 5.4.5.

Isolation Condenser Steam Supply Lines

The containment isolation provisions for the ICS steam supply lines constitute an alternative design
basis beyond what is described by GDC 55. Instead of one isolation valve outside the containment
and one isolation valve inside the containment, the ICS effluent lines rely upon two valves inside
containment as well as a closed system outside the containment. The following rationale support
this alternative design:

The isolation condenser steam supply lines penetrate the containment and connect directly to the
RPV. Two isolation shutoff valves are located in the containment where they are protected from
outside environmental conditions, which may be caused by a failure outside the containment. The
isolation valves in each IC loop are signaled to close automatically on excessive flow. The flow is
sensed by four differential flow transmitters in either the steam supply line or the condensate drain
line. The isolation valves are also automatically closed on high radiation in the steam leaving an
IC-pool compartment. The isolation functions are based on any two-out-of-four channel trips.

The IC isolation valves and the pipe penetrating the containment are designed in accordance to
ASME Code Section lll, Class 1 Quality Group A, Seismic Category |. Penetration sleeves used at
the locations where the IC steam supply lines enter the pool at the containment pressure boundary
are designed and constructed in accordance with the requirements specified within
Subsection 3.6.2.1. In addition to the IC isolation valves, the IC system outside the containment
consists of a closed loop designed to ASME Code Section lll, Class 2, Quality Group B, Seismic
Category |, which is a "passive" substitute for an open "active" valve outside the containment. This
closed-loop substitute for an open isolation valve outside the containment implicitly provides greater
safety.

The combination of an already isolated loop outside the containment plus the series automatic
isolation valves inside the containment provide a sufficient alternative to the isolation functions of
US NRC 10 CFR 50, Appendix A, Criteria 55. It is more practical to locate both valves inside
containment because a valve outside containment would be submerged in the IC/PCCS pool. The
isolation valves shall be located as close to the containment boundary as possible, and the pipe
between the outermost isolation valve and the containment shall be designed to the requirements
of SRP 3.6.2 to minimize the chances of a break in this area. A break on the steam supply lines
could be contained by either of the redundant isolation valves. Furthermore, a break between the
isolation valves and the containment would still be contained by the closed system outside
containment and would require an additional break before a radioactive release could occur.

Reactor Water Cleanup System /Shutdown Cooling System
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The Reactor Water Cleanup/Shutdown Cooling (RWCU/SDC) System consists of two independent
trains. Each train takes its suction from the RPV mid-vessel region as well as from the RPV bottom
region. The suction lines of each train are isolated by one automatic pneumatic-operated valve
inside and one automatic pneumatic-operated valve outside the containment. The reactor bottom
suction line has a sampling line isolated by one automatic solenoid-operated valve inside and one
automatic solenoid-operated valve outside the containment. The details regarding these valves are
shown in Table 6.2-31. RWCU/SDC pumps, heat exchangers and demineralizers are located
outside the containment.

6.2.4.3.1.3 Conclusion on Criterion 55

In order to ensure protection against the consequences of accidents involving the release of
radioactive material, pipes which form the reactor coolant pressure boundary are shown to provide
adequate isolation capabilities on a case-by-case basis. A special isolation arrangement is required
for the ICS and it has been shown to be an adequate alternative to the explicit requirements of GDC
55. In all other cases, two isolation barriers were shown to protect against the release of radioactive
materials in accordance with GDC 55.

In addition to meeting the isolation requirements stated in Criterion 55, the pressure-retaining
components which comprise the reactor coolant pressure boundary are designed to meet other
appropriate requirements which minimize the probability or consequences of an accidental pipe
rupture. The quality requirements for these components ensure that they are designed, fabricated,
and tested to the highest quality standards of all reactor plant components. The classification of
components which comprise the reactor coolant pressure boundary are designed in accordance
with the ASME Boiler and Pressure Vessel Code, Section Ill, Class 1.

It is therefore concluded that the design of piping systems which comprise the reactor coolant
pressure boundary and which penetrate the containment satisfies Criterion 55.

6.2.4.3.2 Evaluation Against Criterion 56
Criterion 56 requires that lines, which penetrate the containment and communicate with the
containment atmosphere, must have two isolation valves; one inside the containment, and one
outside, unless it can be demonstrated that the containment isolation functions for a specific class
of lines are acceptable on some other basis.

The following paragraphs summarize the basis for ESBWR compliance with the requirements
imposed by Criterion 56.

6.2.4.3.21 Influent Lines to Containment

Tables 6.2-33a through 6.2-45 identify the isolation valve functions in the influent lines to the
containment.
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Fuel and Auxiliary Pool Cooling System

The lines from the Fuel and Auxiliary Pool Cooling System penetrate the containment separately
and are connected to the DW spray, the suppression pool the GDCS pools, and to the Reactor Well
Drain.

The Reactor Well drain line contains two manual valves inside the containment that are locked
closed during normal operation. This arrangement is an exception to GDC 56, which requires that
such lines contain one isolation valve outside and one isolation valve inside the containment. The
alternative arrangement with both valves inside containment is necessary because a valve outside
containment would be submerged in the reactor well making it inaccessible and less reliable. The
isolation valves are located as close as possible to the containment and the piping between the
outermost valve and the containment boundary shall be designed to conservative requirements to
preclude breaks in this area.

In each of the remaining influent lines there is one pnuematic-operated or equivalent-shutoff valve
outside and one check valve inside the containment. Only the GDCS pool return line
pneumatic-operated or equivalent-shutoff valve is automatically closed on a containment isolation
signal.

Chilled Water System

Isolation is provided for the Chilled Water System (CWS) cooling lines penetrating containment. It is
assumed that the nonsafety-related Seismic Category Il coolant boundary of the CWS or Drywell
Cooling System heat exchanger may fail, opening to the containment atmosphere. Therefore,
Criterion 56 is applied to the design of the CWS containment penetration. The CWS containment
influent lines have a pneumatic-operated or equivalent shutoff valve outside and a
pneumatic-operated or equivalent shutoff inside the containment.

Containment Inerting System

The penetration of the Containment Inerting System consists of two tandem quarter-turn or
equivalent shutoff valves (normally closed) in parallel with two tandem stop or shutoff valves. All
isolation valves on these lines are outside of the containment so that they are not exposed to the
harsh environment of the wetwell and drywell and are accessible for maintenance, inspection and
testing during reactor operation. Both containment isolation valves are located as close as practical
to the containment. The valve nearest to the containment is provided with a capability of detection
and termination of a leak. The piping between the containment and the first isolation valve and the
piping between the two isolation valves are designed as per requirements of SRP 3.6.2. These
piping are also designed to:

* Meet Safety Class 2 design requirements

» Withstand the containment design temperature
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Withstand internal pressure from containment structural integrity test

Withstand loss-of-coolant-accident transient and environment

* Meet Seismic Category | design requirements

Are protected against a HELB outside of containment when needed for containment isolation

High Pressure Nitrogen Supply System

The High Pressure Nitrogen Supply System penetrates the containment at two places. Each line
has one air-operated shutoff valve outside and one check valve inside the containment.

6.2.4.3.2.2 Effluent Lines from Containment

Tables 6.2-33a through 6.2-45 identify the isolation functions in the effluent lines from the
containment.

Fuel and Auxiliary Pools Cooling System Suction Lines

The FAPCS suction line from the GDCS pool is provided with two power-assisted shutoff valves,
one pneumatic-operated or equivalent inside and one pneumatic-operated or equivalent outside the
containment.

Before it exits containment, the FAPCS suction line from the suppression pool branches into two
parallel lines, each of which penetrate the containment boundary. Once outside, each parallel flow
path contains two pneumatic isolation valves in series after which the lines converge back into a
single flow path. The CIVs are normally closed and fail as-is for improved reliability. "Fail as-is"
valves are acceptable because the valves are normally closed, are only opened when it is
necessary to provide cooling to the suppression pool and do not communicate with the DW
atmosphere. This arrangement is an exception to GDC 56, which requires that such lines contain
one isolation valve outside and one isolation valve inside the containment. Such an alternative
arrangement is necessary because an inboard valve could potentially be under water under certain
accident conditions. Leak detection is provided for CIVs on the suppression pool suction line and
the valves are located as close as possible to the containment.

Chilled Water System

The CWS effluent lines penetrating the containment each has a pneumatic-operated or equivalent
shutoff valve outside containment and a pneumatic-operated or equivalent shutoff valve inside the
containment.

Containment Inerting System

The penetration of the Containment Inerting System consists of two tandem quarter-turn shutoff
valves (normally closed) in parallel with tandem stop or shutoff valves. All isolation valves on these
lines are outside of the containment so that they are not exposed to the harsh environment of the
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wet well and dry well and are accessible for maintenance, inspection and testing during reactor
operation. Both containment isolation valves are located as close as practical to the containment.
The valve nearest to the containment is provided with a capability of detection and termination of a
leak. The piping between the containment and the first isolation valve and the piping between the
two isolation valves are designed as per requirements of SRP 3.6.2. These piping are also
designed to:

* Meet Safety Class 2 design requirements

Withstand the containment design temperature

Withstand internal pressure from containment structural integrity test

Withstand loss-of-coolant-accident transient and environment

» Meet Seismic Category | design requirements

Are protected against a HELB outside of containment when needed for containment isolation

Process Radiation Monitoring System

The penetrations for the fission products monitor sampling lines consist of one sampling line and
one return line. Each of these two lines contains an inboard and outboard valve. These two valves
are pneumatic, solenoid or equivalent power operated valves and are used for isolation. These
isolation valves will fail as-is.

6.2.4.3.2.3 Conclusion on Criterion 56

In order to ensure protection against the consequences of an accident involving release of
significant amounts of radioactive materials, pipes that penetrate the containment have been
demonstrated to provide isolation capabilities on a case-by-case basis in accordance with Criterion
56. Exceptions were taken in the cases of the Reactor Well drain line, and suppression pool suction
line in the Fuel and Auxiliary Pools Cooling System, and they have been shown to be an adequate
alternative to the explicit requirements of GDC 56.

In addition to meeting isolation requirements, the pressure-retaining components of these systems
are designed to the quality standards commensurate with their importance to safety.

6.2.4.3.2.4 Evaluation Against General Design Criterion 57

The ESBWR has no closed system lines penetrating the containment that are within the scope of
GDC 57.

6.2.4.3.2.5 Evaluation Against Regulatory Guide 1.11

Instrument lines that connect to the RCPB and penetrate the containment have 6.4 mm (%4 inch)
orifices and manual isolation valves, in compliance with RG 1.11 requirements.
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6.2.4.3.3 Evaluation of Single Failure

A single failure can be defined as a failure of a component (for example, a pump, valve, or a utility
such as offsite power) to perform its intended safety-related functions as a part of a safety-related
system. The purpose of single failure evaluation of fluid system penetration isolation design is to
demonstrate that the safety-related function of the system can be completed even assuming a
single failure. Appendix A to 10 CFR 50 requires that electrical systems be designed specifically
against a single passive or active failure. Section 3.1 describes the implementation of these
standards, as well as General Design Criteria 17, 21, 35, 38, 41, 44, 54, 55 and 56.

Electrical and mechanical systems are designed to meet the single-failure criterion, regardless of
whether the component is required to perform a safety-related action or function. If a component,
such as an electrically-operated valve, is designed to not change state (open or close) by its
safety-related logic scheme, a single failure is assumed in the analysis if the component does
change state. Electrically-operated valves include those valves that are electrically piloted with
air/nitrogen-operated actuators, as well as valves that are directly operated by an electromagnetic
device (solenoid motor, motorized-gearbox, or electrohydraulic actuators). In addition, all
electrically-operated valves that receive automatic actuation signals can also be remote-manually
actuated from the main control room. Therefore, a single failure in any electrical or mechanical
system is analyzed, regardless of whether the loss of a safety-related function results from a
component failing to perform a requisite mechanical motion, or from a component performing an
unnecessary mechanical motion due to a spurious/incorrect signal or manual operating error. Each
of the power-operated containment isolation valves for any given penetration is powered from
different divisions in order to meet the single failure criteria.

The isolation design for each penetration or penetration class also applies the guidance of
standards ANS 58.9 and IEEE 379-2000 (Table 1.9-22), and complies as appropriate with RG 1.53
(refer to Tables 1.9-21 and 7.1-1, and to Subsections 7.3.3 and 7.5.2). Standard IEEE 379-2000
provides a suggested single-failure review method which includes:

» For each design event:
— Determine the safety function to be performed.
— Determine the protective action(s) available to accomplish the safety function.

— Determine safety-related component that performs the protective action and satisfies
the safety function.

— Verify independence between redundant safety-related components.

— lterate design as required when independence is not verified, considering the electrical,
mechanical and system logic failures potentially affecting the isolation design.

» Evaluate for interconnections between redundant circuits.

» Evaluate isolation system logic for common failures affecting isolation capability.
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» Evaluate actuation devices for preferred mode on loss of power and for single-point failure
mechanisms that might cause common failure of the isolation design.

» Evaluate support systems and auxiliary features, in particular the actuator power supplies
(including backup electrical power, mechanical or process power and fluid accumulator stored
energy supplies).

+ Evaluate for nonsafety-related attachments or interfaces with the isolation design that could
interfere with completion of the protective action.

6.2.4.4 Test and Inspections

The automatic functions of the Containment Isolation Valves (CIVs) are periodically tested by
ensuring actuation to the isolation position on an actual or simulated isolation signal. The functional
capabilities of power-operated isolation valves are tested remote-manually from the control room.
By observing position indicators and changes in the affected system operation, the closing ability of
a particular isolation valve is demonstrated.

A discussion of leak rate testing of isolation valves is provided in Subsection 6.2.6.

6.2.5 Combustible Gas Control in Containment

According to 10 CFR 50.44(c)(2), which provides the combustible gas control requirements for
future water-cooled reactor applicants and licensees, containments with an inerted atmosphere do
not require a method to control the potential buildup of post-accident hydrogen.

In SECY-00-0198, "Status Report on Study of Risk-Informed Changes to the Technical
Requirements of 10 CFR Part 50 (Option 3) And Recommendations on Risk-informed Changes to
10 CFR 50.44 (Combustible Gas Control)," dated September 14, 2000, the NRC staff
recommended changes to 10 CFR 50.44 that reflect the position that only combustible gas
generated by a beyond-design-basis accident is a risk-significant threat to containment integrity.
Based on those recommendations, 10 CFR 50.44 eliminates requirements that pertain to only
design-basis LOCAs.

During severe accident conditions with a significant amount of fission product gases and hydrogen
release to the containment, the containment remains inerted without any additional action because
radiolytic oxygen production remains below the concentration that could pose a risk of hydrogen
burning for a significant period of time following the event. Accumulation of combustible gases that
may develop in the period after about 24 hours can be managed by implementation of the severe
accident management guidelines. For a severe accident with a substantial release of hydrogen, the
oxygen concentration in containment from radiolysis is not expected to reach 5% for significantly
longer than 24 hours as described in Subsection 6.2.5.5.
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6.2.5.1 Design Bases

The specific requirements in 10 CFR 50.44, “Combustible gas control for nuclear power reactors,
Section (c)(2), establishes for future water-cooled reactor applicants and licensees that "all
containments must have an inerted atmosphere, or must limit hydrogen concentrations in
containment during and following an accident that releases an equivalent amount of hydrogen as
would be generated from a 100 percent fuel clad-coolant reaction, uniformly distributed, to less than
10 percent (by volume) and maintain containment structural integrity and appropriate accident
mitigating features.” The design of the ESBWR provides for an inerted containment and, as a result,
no system to limit hydrogen concentration is required.

In the ESBWR, the Containment Inerting System is provided to establish and maintain an inert
atmosphere within the containment. The Containment Inerting System design is discussed in
Subsection 6.2.5.2.2 and summarized later in this subsection.

Relevant to combustible gas control, this subsection addresses or references other locations that
address the applicable requirements of 10 CFR 50.44 and GDC 5, 41, 42 and 43 as discussed in
SRP 6.2.5 and RG 1.7. The plant meets the relevant requirements of the following:

* 10 CFR 50.44 and 50.46 as they relate to BWR plants being designed to have containments
with an inerted atmosphere.

» GDC 5 does not apply to the inerting function because there is no sharing of structures, systems
and components between different units.

» GDC 41, as it relates to systems being provided to control the concentration of hydrogen or
oxygen that may be released into the reactor containment following postulated accidents to
ensure that containment integrity is maintained, does not apply to the ESBWR because the
safety-related function is accomplished by keeping the containment inerted. Thus, no
redundancy or single failure criteria shall be considered, as the inerted containment is
intrinsically safe and passive.

+ GDC 42 & 43, related to the design of the systems to permit appropriate periodic inspection and
periodic testing of components to ensure the integrity and capability of the systems, do not apply
to the inerting function; periodic monitoring of oxygen concentration is adequate to confirm the
safety function.

* RG 1.7 Revision 3 as it relates to the systems being designed to limit the oxygen gas
concentrations within the containment.

In addition to inerting containment, the Passive Autolytic Recombiner System, a nonsafety-related
system, is provided as defense-in-depth protection against the potential buildup of combustible
gases generated by the radiolytic decomposition of water post 72 hours of a LOCA. The Passive
Autolytic Recombiner System is designed for long-term continuous operation. It performs its
function by controlled reaction of hydrogen with oxygen at low volumetric concentrations of
whichever of these two gaseous constituents is limiting the progress of the reaction. The Passive
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Autolytic Recombiner System consists of passive autocatalytic recombiners (PARs) strategically
located throughout the WW gas space and DW.

PARs are independently mounted components which are capable of recombining a stoichiometric
mix of hydrogen and oxygen into water vapor. This recombination is facilitated through the use of a
selective metal catalyst (typically palladium and hydrophobic polymer coating). This catalyst is
located internal to the PARSs typically constrained within a series of screens. These screens or
plates are separated such that gas and vapor flow are not impeded to allow easy migration of the
post-LOCA gasses through the PAR structure.

As the recombination process is exothermic, the heat created provides motive force to carry the
vapor up and out of the PAR allowing more gasses to be drawn into the device to further the
recombination process. As the gasses pass through the PAR (essentially a stainless steel cylinder
or rectangle with an opening in either end), the hydrogen and oxygen pass by the catalyst and are
selectively recombined into water vapor. The outer wall of the PAR continues above the level of the
catalyst to provide a chimney effect, which further assists the convection driven flow of water vapor
out of the device. This flow through the PAR aids in the overall containment mixing process by
facilitating natural convection near and around the PAR locations.

The PAR device requires no external power or controls. They operate automatically when a
stoichiometric mix of hydrogen and oxygen is realized. The oxygen and hydrogen molecules are
adsorbed onto the surface of the catalyst due to the attractive forces of the catalyst. There they are
recombined into water vapor and released. Although the recombination process is conservatively
assumed to begin at 72 hours, it actually starts with as little as 1% by volume of an available
stoichiometric mix of recombination gasses. And due to the hydrophobic coating of the catalyst, the
recombination process does not require heating of the catalyst media enclosure (as is the case with
the typical offgas recombiner). It occurs through the full range of operating and post-accident
containment temperatures.

The PARS consists of sufficient capacity PAR units to effect a minimum safety factor of two for each
containment compartment (Drywell and Wetwell), with respect to any efficiency loss primarily due to
introduced catalytic poisons. The number and size of PARs to be utilized in each containment
compartment will be selected based on the nominal hydrogen depletion rate of each individual PAR
unit such that the total depletion rate is twice the maximum hydrogen generation rate at 72 hours.
The maximum hydrogen generation rate at 72 hours is 0.32 kg/h (0.71 Ib/hr). As the hydrogen
generation rate is dropping from that point forward in the accident, the amount of total hydrogen
never exceeds this 72 hour maximum due to the operation of the PARs. The number and size of
PARs specified will provide the minimum safety factor of two for each containment compartment
(Drywell and Wetwell). There will be a minimum capacity of the equivalent of one full size PAR unit
specified for each containment compartment, however due to other design considerations, more,
smaller capacity units (with equivalent total capacity) will be specified. The nominal hydrogen
depletion rates for the full size PAR will be a minimum of 0.8 kg/h (1.8 Ib/hr). The half, quarter, and
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eighth size PARs have nominal depletion rates as a direct ratio to the full size PAR. Additionally
PARs are sited to incorporate items such as protection from jet impingement, protection from
containment spray and cooling fan discharge, protection from flooding and pool swell, discharged
exhaust impacts and accessibility for testing. The PAR units are placed in azimuthally diverse
locations which support adequate containment atmosphere mixing.

There is the potential for combustible gases to accumulate inside the PCCS condensers at
concentrations that are higher than the overall containment. See Subsection 6.2.2.2.2 for further
description and design features for these higher concentrations in the PCCS condensers.

6.2.5.1.1 Containment Purging Under Accident Conditions

In accordance with 10 CFR 50.34(f)(2)(xv), (NUREG-0933 Item |1.E.4.4), the capability for
containment purging/venting is designed to minimize the purging time consistent with As Low As
Reasonably Achievable (ALARA) principles for occupational exposure. The piping, valves and
controls in the Containment Inerting System can be used to control containment pressure (that is,
purge the containment), and can reliably be isolated under accident conditions.

The Containment Inerting System (CIS) is used to establish and maintain an inert atmosphere
within the containment during all plant operating modes except during plant shutdown for refueling
or maintenance and during limited periods of time to permit access for inspection and maintenance
during reactor low power operation. The system is designed to permit deinerting the containment
for safe operator access and minimizing personnel exposure.

6.2.5.2 Containment Inerting System

The objective of the CIS is to preclude combustion of hydrogen and prevent damage to essential
equipment and structures by providing an inerted containment environment. This is the method of
combustible gas control for the ESBWR, as required by 10 CFR 50.44.

6.2.5.2.1 Design Bases
Safety Design Bases
The CIS does not perform any safety-related function. Therefore, the CIS has no safety design

bases other than provision for safety-related containment penetrations and isolation valves, as
described in Subsection 6.2.4.

Power Generation Design Bases

* The CIS is designed to establish an inert atmosphere (i.e., less than 4% oxygen by volume)
throughout the containment in less than four hours and less than 2% oxygen by volume in the
next eight hours following an outage.

» The CIS is designed to maintain the containment oxygen concentration below the maximum
permissible limit (4%) during normal power operations to assure an inert atmosphere.
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» The CIS is designed to maintain a positive pressure in the primary containment during normal,
abnormal, and accident conditions to prevent air (oxygen) in-leakage into the inerted spaces
from the Reactor Building. The CIS nitrogen gas makeup supply line is designed for the normal
daily operating capacity to maintain approximately 4.8 kPaG (0.7 psig) positive pressure within
the containment. The system has the capability to replenish containment atmosphere leakage at
a rate of 0.4% per day based on containment operating pressure.

» The inerting auxiliary steam vaporizer is sized to provide at least 2.5 times the containment (WW
and DW) free volume of nitrogen within the allotted four hours. The temperature of the injected
nitrogen is within the range of 10°C (50°F) to 65°C (150°F).

» The CIS is designed to permit de-inerting the containment for safe operator access without
breathing apparatus in less than 12 hours.

» The CIS is designed to perform continuous containment leakage rate monitoring and detect
gross leakage of containment atmosphere during normal reactor operation.

» The CIS is also designed to release containment pressure before uncontrolled containment
failure could occur. (Subsection 6.2.1.1.10.2).

6.2.5.2.2 System Description

Summary Description

The CIS establishes and maintains an inert atmosphere within the primary containment during all
plant operating modes except during plant shutdown for refueling or maintenance and during
limited periods of time to permit access for inspection during reactor low power operation. The
purpose of the system is to provide an inert containment atmosphere (< 3% oxygen) during normal
operation to minimize hydrogen burn inside the containment.

The Containment Inerting System can be used under post-accident conditions for containment
atmosphere dilution to maintain the containment in an inerted condition by a controlled purge of the
containment atmosphere with nitrogen, to prevent reaching a combustible gas condition.

A simplified CIS system diagram is shown in Figure 6.2-29.

Detailed System Description

The CIS consists of a pressurized liquid nitrogen storage tank, a steam-heated main vaporizer for
large nitrogen flow, electric heater for vaporizing makeup flow, two injection lines, an exhaust line, a
bleed line and associated valves, controls and instrumentation. All CIS components are located
inside the Reactor Building except the liquid nitrogen storage tank and the steam-heated main
vaporizer that are located in the yard.

The first of the injection lines is used only for makeup. It includes an electric heater to vaporize the
nitrogen and to regulate the nitrogen temperature to acceptable injection temperatures. Remotely
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operated valves, together with a control valve, enable the operator to accomplish low rates of
nitrogen injection into the DW and suppression pool airspace.

The second injection line is used for the inerting function where larger flow rates of nitrogen are
required. This line provides the flow path for vaporized nitrogen at an appropriate temperature from
the steam-heated main vaporizer to be injected into the containment through remotely operated
valves and a control valve to injection points common with the makeup supply. The inerting and
makeup lines converge to common injection points in the upper DW and suppression pool airspace.

The CIS includes an exhaust line from the lower DW on the opposite side of containment from the
injection points. The discharge line connects to the RBVS exhaust before being diverted to the
RB/Fuel Building (FB) vent stack. The RBVS is discussed in Subsection 9.4.6.

A small bleed line bypassing the main exhaust line is also provided for manual pressure control of
the containment during normal reactor operation.

Redundant containment isolation valves provided in the inerting, makeup, exhaust and bleed lines
close automatically upon receipt of an isolation signal from the Leak Detection and Isolation System
(LD&IS). Discussion of these signals is provided in Subsection 7.3.3.

Upstream of the pressure-reducing valve in the makeup line, a small branch line is provided and
connected to the High Pressure Nitrogen Supply System (HPNSS) (Subsection 9.3.8).

System Operation

During plant startup, large flow rates of nitrogen from the liquid nitrogen storage tank are vaporized
by the steam-heated vaporizer and injected into the DW and the WW. The exhaust line is kept open
to displace containment resident atmosphere with nitrogen. Once the desired concentration of
oxygen is reached, the exhaust line is closed. When the required inerted containment operating
pressure is attained, the nitrogen supply shutoff valve and the inerting isolation valves are closed to
terminate the inerting process. The system is capable of inerting the containment to < 4% oxygen
by volume within four hours. The CIS is capable of establishing a more completely inert
atmosphere, equal to or less than 2% in containment with the next eight hours after reaching 4%
conditions.

Containment pressure is maintained automatically after manually aligning the nitrogen makeup
subsystem. Low flows of liquid nitrogen are vaporized and heated to the desired temperature and
injected into the DW and the WW to makeup for the nitrogen out-leakage. The containment
atmosphere is kept constant at a positive pressure relative to the Reactor Building to preclude air
(oxygen) in-leakage. In response to a change in containment pressure, the pressure control valve
modulates (opens or closes) to provide nitrogen makeup and thereby maintaining the containment
pressure. The flow integrator monitors the nitrogen makeup to compensate for leakage during
normal containment pressure control and to the HPNSS. Large makeup flow indicates gross or
excessive leakage and is annunciated in the Main Control Room (MCR). Manual venting through
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the exhaust bleed line controls increases in containment pressure greater than the normal
operating range.

During plant shutdown, the containment atmosphere is de-inerted to allow safe personnel access
inside the containment. Breathable air from the RBVS is injected into the DW and WW air space
through the inerting injection line. The incoming air displaces containment gases (mostly nitrogen)
into the exhaust line. The RBVS exhaust fans, filters, and radiation detectors remove the vented
gases and then they are diverted to the RB/FB vent stack. The CIS is capable of reaching a
volumetric oxygen concentration of = 19% within 12 hours after de-inerting begins.

6.2.5.2.3 Safety Evaluation

The CIS has no safety-related function except the containment isolation function, which is
discussed in Subsection 6.2.4. Failure of the CIS does not compromise any safety-related system
or component, nor does it prevent a safe shutdown of the plant.

6.2.5.2.4 Testing and Inspection Requirements
CIS containment penetrations, including isolation valves, undergo routine inservice inspection and
testing as required by ASME Code, Section XI.

Permanently installed instrumentation inside containment is maintained, tested, and calibrated
during every refueling outage.

6.2.5.2.5 Instrumentation Requirements
CIS instrumentation requirements are discussed in Subsection 7.7.7.

This instrumentation conforms to GDC 13. Refer to Subsection 3.1.2 for a general discussion of the
GDC.

6.2.5.2.6 HVAC Codes
The applicable HVAC codes and standards are shown in Table 9.4-17.

6.2.5.3 Containment Atmosphere Monitoring

The CMS provides the function that is necessary to meet or exceed the requirements of 10 CFR
50.44 (c)(4) with regard to oxygen and hydrogen monitoring.

The CMS is a safety-related, Seismic Category | system consisting of two redundant, physically and
electrically independent post-accident monitoring divisions. Each division is capable of measuring
and recording the radiation levels and the oxygen and hydrogen concentration levels in the DW and
wetwell air space. The functions of the CMS are:
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» To monitor hydrogen and oxygen concentrations and gross gamma radiation levels in the DW
and WW under post-accident conditions.

» To provide main control room display and alarms.

» To provide alarm enunciating signals if alarm levels are reached or if the system is in an
inoperative state.

6.2.5.3.1 Hydrogen Monitoring

Hydrogen monitoring consists of two hydrogen monitoring channels containing hydrogen sensors,
sample lines to bring a sample from the DW or suppression chamber to the sensor, hydrogen
monitor electronics assemblies, visual displays and a calibration gas supply. Each hydrogen
channel determines the hydrogen content of a sample from the containment. The data is provided
in the main control room. High hydrogen concentration alarms are provided. The channels are
equipped with an alarm to indicate malfunctions. The channels are divided into two redundant
divisions.

6.2.5.3.2 Oxygen Monitoring

Oxygen monitoring consists of two oxygen monitoring channels containing oxygen sensors, sample
lines to bring a sample form the DW or WW, oxygen monitor electronics assemblies in the control
room, visual displays and a calibration gas supply. Each oxygen channel determines the oxygen
content of a sample from the containment. The data is provided in the main control room. Alarms
are provided to indicate unacceptable oxygen levels. The channels are equipped with an alarm to
indicate malfunctions. The channels are divided into two redundant divisions.

6.2.5.3.3 Radiation Monitoring

Radiation monitoring consists of two channels per division (1 and 2) of radiation detector
assemblies, radiation electronic assemblies and visual displays. The channels measure gross
gamma radiation in the DW and WW. The signals are provided in the main control room. The
channels are equipped with an alarm to indicate channel malfunction. The radiation monitoring
channels are divided into two redundant measurement divisions.

6.2.5.3.4 Containment Atmosphere Mixing

The ESBWR design provides protection from localized combustible gas deflagrations including the
capability to mix the steam and noncondensable gases throughout the containment atmosphere
and minimize the accumulation of high concentrations of combustible gases in local areas.

Adequate mixing within the ESBWR containment system is assured based on the configuration of
the ESBWR containment coupled with the dynamics of the design basis loss-of-coolant-accident
(LOCA) and the mitigating components within the containment volume. The containment
atmospheres (DW and WW) are inerted with nitrogen. At the start of an accident normal DW
ventilation can be assumed to be in operation, therefore the inerted atmosphere is thoroughly
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mixed at that point in time. Although the normal DW ventilation system ceases to operate at the
onset of the accident, the accident itself (LOCA) creates a highly turbulent condition in which mixing
is assured. Steam expansion also serves to create large mixing flows. Molecular diffusion and
natural convection continues the mixing process providing reasonable assurance that adequate
mixing exists throughout the accident coping period. Natural convection is promoted by
temperature gradients existing in the DW and the cascading effect of the water exiting through the
break. Because the ESBWR core remains covered during DBAs, only a minimal amount of
hydrogen is generated by radiolysis. This is base on the fuel temperature remaining below the
metal-water reaction initiation temperature.

The relatively large open volume of the ESBWR containment enhances the structure's ability for
continued mixing. In consideration of the differential components temperatures inside containment
(coupled with the relative low temperatures of the outer DW walls), local convection around these
components coupled with the natural chimney effect of the open shafts in the containment volume
provides substantial motive force furthering the mixing process.

Aside from the DW and WW, there are only two other subcompartments within the containment, the
Drywell Head Region and the Reactor Shield Annulus. The Drywell Head Region contains no high
energy piping. As such, and based on the location of this region above the drywell proper, in the
unlikely event that hydrogen migrates toward this area it would be quickly displaced by the rising
steam from the break. There is reasonable assurance that it would not be possible for it to collect in
this region. The Reactor Shield Annulus volume is that area between the reactor shield wall and the
reactor vessel. In the unlikely event that the LOCA occurs at the nozzle of any of the vessel's high
energy piping (which does pass though this region), any noncondensable effluent from the break
would quickly be dispersed by the escaping steam and swept down into the WW by steam along
with the DW noncondensable gases.

The dynamic effects of a LOCA in the ESBWR containment serves to drive the noncondensables
gases from the DW into the WW. This initial blowdown is due to pressurization of the DW
atmosphere by steam exiting the vessel. This steam forces (blowdown) noncondensable gases
through (under) the WW water volume. This is quite a dynamic evolution that thoroughly mixes the
WW atmosphere, albeit an atmosphere much richer in hydrogen and oxygen than that remaining in
the DW.

Subsequent to the reactor depressurization, the PCCS condensers will continue to operate. The
PCCS condensers vent noncondensable gas to the WW (suppression pool), so the concentration of
hydrogen is higher in the WW than in the DW.

Another consideration with respect to the mixing process is the incorporation of PARs into both the
DW and WW. PARs create convective air currents, which further serve to drive both the
recombination process along with mixing both in the DW and WW atmospheres. A description of
PARS is given in Subsection 6.2.5.1.
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The containment design features that reduce the likelihood of combustible gas deflagrations
resulting from localized buildup of combustible gases during degraded core accidents are listed in
Subsection 19.3.2.

6.2.5.4 Containment Overpressure Protection

6.2.5.4.1 Design Evaluation

The pressure capability of the ESBWR containment vessel is such that it is not exceeded by any
design basis or special event.

The pressure capability of the containment's limiting component is higher than the pressure that
results from assuming 100% fuel clad-coolant reaction. There is sufficient margin to the
containment pressure capability such that there is no need for an automatic containment
overpressure protection system. In the hypothetical situation where containment depressurization is
required, this depressurization can be performed by manual operator action.

The containment can be manually vented through the Containment Inerting System. The
Containment Inerting System is equipped with containment penetrations, valves and pipes that may
be used for containment depressurization. This system is provided with two normal de-inerting flow
paths, each with tandem-paired containment isolation valves. One de-inerting flow path receives
flow from the suppression pool airspace which forces evacuated atmosphere through the
suppression pool to scrub out fission products. For containment overpressure protection during
severe accident conditions, only this line is used. This line has two air-operated valves in series
outside containment. The valves have the capability to be operated with bottled air for local
operation during accident conditions. The downstream piping is tied into the RB/FB vent stack. The
piping downstream of the valves is designed for the maximum expected operating pressure
following the accident.

6.2.5.4.2 Containment Structural Integrity
See Appendix 19B.

6.2.5.5 Post-Accident Radiolytic Oxygen Generation

For a design basis LOCA in the ESBWR, the ADS would depressurize the reactor vessel and the
GDCS would provide gravity driven flow into the vessel for emergency core cooling. The safety
analyses show that the core does not uncover during this event and as a result, there is no fuel
damage or fuel clad-coolant interaction that would result in the release of fission products or
hydrogen. Thus, for design basis LOCA, the generation of post-accident oxygen would not result in
a combustible gas condition and a design basis LOCA does not have to be considered in this
regard.

For the purposes of post-accident radiolytic oxygen generation for the ESBWR, a severe accident
with a significant release of iodine and hydrogen is more appropriate to consider.
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Because the ESBWR containment is inerted, the prevention of a combustible gas deflagration is
assured in the short term following a severe accident. In the longer term there would be an increase
in the oxygen concentration resulting from the continued radiolytic decomposition of the water in the
containment. Because the possibility of a combustible gas condition is oxygen limited for an inerted
containment, it is important to evaluate the containment oxygen concentration versus time following
a severe accident to assure that there is sufficient time to implement Severe Accident Management
actions. It is desirable to have at least a 24 hour period following an accident to allow for Severe
Accident Management implementation. This section discusses the rate at which post-accident
oxygen is generated by radiolysis in the ESBWR containment following a severe accident, and
establishes the period of time that would be required for the oxygen concentration in containment to
increase to a value that would constitute a combustible gas condition (5% oxygen by volume) in the
presence of a large hydrogen release, thus de-inerting the containment in the absence of mitigating
Severe Accident Management actions.

6.2.5.5.1 Background

The rate of gas production from radiolysis depends upon the power decay profile and the amount of
fission products released to the coolant. Appendix A of SRP Subsection 6.2.5 provides a
methodology for calculation of radiolytic hydrogen and oxygen generation. The analysis results
discussed herein were developed in a manner that is consistent with the guidance provided in SRP
6.2.5 and RG 1.7.

There are unique design features of the ESBWR that are important with respect to the
determination of post-accident radiolytic gas concentrations. In the post-accident period, the
ESBWR does not utilize active systems for core cooling and decay heat removal. As indicated
earlier, for a design basis LOCA, the ADS would depressurize the reactor vessel and the GDCS
would provide gravity driven flow into the vessel for emergency core cooling. The core would be
subcooled initially and then it would saturate resulting in steam flow out of the vessel and into the
containment. The PCCS heat exchangers would remove the energy by condensing the steam. This
would be the post-accident mode and the core coolant would be boiling throughout this period.
Although the process of steam condensation has the effect of concentrating the radiolytically
generated hydrogen and oxygen within the PCCS condensers these components have been
designed to accommodate the loads resulting from combustion. The accumulation of hydrogen and
oxygen in the ICS is mitigated by continuously venting the lower header during non-LOCA
scenarios and closing the isolation valves once the ICS inventory has drained into the RPV during
LOCA scenarios with the DPVs opening.

A similar situation would exist for a severe accident that results in a core melt followed by reactor
vessel failure. In this case, the GDCS liquid would be covering the melted core material in the lower
DW, with an initial period of subcooling followed by steaming. The PCCS heat exchangers would be
removing the energy in the same manner as described above for a design basis LOCA.
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In order to prevent noncondensable related termination of steam condensation, the PCCS heat
exchangers are provided with a vent which transfers any noncondensable gases which accumulate
in the heat exchanger tubes to the suppression pool vapor space, driven by the DW to suppression
pool pressure differential. In this way, the majority of the noncondensable gases are in the
suppression pool. The calculation of post-accident radiolytic oxygen generation accounts for this
movement of noncondensable gases to the suppression pool after they are formed in the DW.

The effect of the core coolant boiling is to strip dissolved gases out of the liquid phase resulting in a
higher level of radiolytic decomposition. This effect was accounted for in the analysis.

6.2.5.5.2 Analysis Assumptions

The analysis of the radiolytic oxygen concentration in containment was performed consistent with
the methodology of Appendix A to SRP 6.2.5 and RG 1.7. Some of the key assumptions are as
follows:

* Reactor power is 102% of rated
G (02) = 0.25 molecules/100eV

Initial containment O2 concentration = 4%

Allowed containment O2 concentration = 5%

Stripping of DW noncondensable gases to WW vapor space

Fuel clad-coolant reaction up to 100%

lodine release up 100%

6.2.5.5.3 Analysis Results

The analysis results show that the time required for the oxygen concentration to increase to the
de-inerting value of 5% is significantly greater than 24 hours for a wide range of fuel clad-coolant
interaction and iodine release assumptions up to and including 100%. The results support the
conclusion that there is sufficient time available to activate the emergency response organization
and implement the Severe Accident Management actions necessary to preclude a combustible gas
deflagration.

Also, the potential combustion of radiolytically generated gas inside the PCCS and ICS condensers
has been considered as described in Reference 6.2-14.

6.2.6 Containment Leakage Testing

This subsection describes the testing program for determining the containment integrated leakage
rate (Type A tests), containment penetration leakage rates (Type B tests), and containment isolation
valve leakage rates (Type C tests) that complies with 10 CFR 50 Appendix J, Option A or Option B
as per RG 1.163, and GDC 52, 53 and 54. The leakage rate testing capability is consistent with the
testing requirements of ANS-56.8. Type A, B, and C tests are performed prior to operations and
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periodically thereafter to assure that leakage rates through the containment and through systems or
components that penetrate containment do not exceed their maximum allowable rates.
Maintenance of the containment, including repairs on systems and components penetrating the
containment, is performed as necessary to maintain leakage rates at or below acceptable values.

The ESBWR conformance with 10 CFR 50, Appendix J satisfies the requirements of the following
GDC.

* GDC 52 as it relates to the reactor containment and exposed equipment being designed to
accommodate the test conditions for the containment integrated leak rate test (ILRT) (up to the
containment design pressure).

» GDC 53 as it relates to the reactor containment being designed to permit appropriate inspection
of important areas (such as penetrations), an appropriate surveillance program, and leak testing
at the containment design pressure of penetrations having resilient seals and expansion
bellows.

+ GDC 54 as it relates to piping systems penetrating primary reactor containment being designed
with a capability to determine if valve leakage is within acceptable limits.

For the purposes of 10 CFR 50, Appendix J testing, the value of Pa (defined as the calculated peak
containment internal pressure related to the design basis LOCA) is selected to be the containment
design pressure as specified in Table 6.2-1.

6.2.6.1  Containment Integrated Leakage Rate Test (Type A)

6.2.6.1.1 Initial Integrated Leak Rate Test

After construction of the reactor containment, including installation of all portions of mechanical,
electrical, and instrumentation systems penetrating the containment pressure boundary, and upon
satisfactory completion of all structural integrity tests described in Subsections 3.8.1, 3.8.2, and
3.8.3, the initial (preoperational) Type A Integrated Leakage Rate Test (ILRT) is performed to verify
that the actual containment leakage rate does not exceed the design limit.

The ILRT is performed by pressurizing the containment with air. The air shall be dry, clean, and free
of contaminants. Pressurization shall be conducted preferably when there is relatively low humidity
in the outside atmosphere to avoid moisture condensation within the containment structure. To
provide low humidity and improve pumping efficiency, cool night air is also preferred. The
containment ILRT consists of three phases, namely:

* Pressurization Phase: Portable air compressors shall be used to pressurize the containment at a
calculated accidental peak containment internal pressure, Pa. Pressurization takes
approximately eight hours.

* Pressure Stabilization Phase:
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— 10 CFR 50 Appendix J, Option A - After the required test pressure has been achieved,
the containment pressure shall be allowed to stabilize for at least four hours before
leakage measurements may be performed. Pressure stability shall be considered
achieved when a condition of essential temperature equilibrium has been attained.

— 10 CFR 50 Appendix J, Option B - The containment atmosphere stabilization criteria
given in Section 5.6 of ANS 56.8 shall be implemented.

* Integrated Leakage Rate Test Phase: After the containment atmosphere has stabilized, the ILRT
test begins. The test duration shall extend to 24 hours of retained internal pressure.

The absolute method, as described in ANSI N45.4, shall be used to determine the mass of air in the
containment. This method calculates air mass at a stated time by means of direct pressure,
temperature, and humidity measurements. The contained mass is calculated using the ideal gas
law. The calculated mass shall be plotted against time during the test period, and the mass point
method, as described in ANSI/ANS 56.8, shall be used to determine the leakage rate.
Instrumentation and monitors used in the ILRT shall be designed, calibrated, and tested so that
containment parameters can be precisely measured. A computer shall be used for data acquisition
and computation of the leakage rate.

Acceptance Criteria

» A standard statistical analysis of the data is conducted by a linear regression analysis using the
method of least squares to determine the leakage rate and associated 95% upper confidence
limit. ILRT results are satisfactory if the upper confidence level is less than 75% of the maximum
allowable leakage rate, L. As an exemption from the definition of La in 10 CFR 50 Appendix J,
the maximum allowable leakage rate (L,) is redefined as Containment Leakage Rate given in
Table 6.2-1, which excludes the MSIV leakage rate. The treatment of MSIV leakage pathway
separately in radiological dose analysis in Subsection 15.4.4.5.2.4 justifies this exemption.

 After completing the initial ILRT, a verification test is conducted to confirm the ability of the ILRT
method and equipment to satisfactorily determine the containment leakage rate. The accuracy
of the leakage rate tests is verified by superimposing a calibrated leak on the normal
containment leakage rate or by other methods of demonstrated equivalency. The difference
between the total leakage and the superimposed known leakage is the actual leakage rate. This
method confirms the test accuracy. The measurements are acceptable if the correlation between
the verification test data and ILRT data demonstrates an agreement within + 0.25L,. Appendix C
of ANSI/ANS 56.8 includes more descriptive information on verification methods.

+ During the ILRT (including the verification test), if excessive leakage occurs through locally
testable penetrations or isolation valves to the extent that it would interfere with satisfactory
completion of the test, these leakage paths may be isolated and the Type A test continued until
completion. A local test shall be performed before and after the repair of each isolated path. The
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test results shall be reported with both pre-and post-repair local leakage rates as if two Type A
tests had been conducted. Record of corrective actions shall be documented.

— For 10 CFR 50 Appendix J Option A, the sum of the local leakage rates and the upper
confidence limit shall be less than 0.75 L. Local leakage rates shall not be subtracted
from the Type A test results to determine acceptability of the test.

— For 10 CFR 50 Appendix J, Option B, the acceptance criteria shall be based on a
calculated performance leakage rate which is defined as the sum of Type A upper
confidence limit and as-left minimum pathway leakage rate for all Type B and Type C
pathways that were in service, isolated or not lined up in their test position (that is,
drained and vented to containment atmosphere) prior to performing the Type A test. In
addition, any leakage pathways that were isolated during performance of the test shall
be factored into the performance determination. If the leakage can be determined by a
local leak rate test, the as-left minimum pathway leakage rate for that leakage path must
also be added to the Type A upper confidence limit. If the leakage cannot be determined
by local leak rate testing, the performance criteria for the Type A test is not met.

Prerequisites
The following prerequisites are completed before starting an ILRT:

» Avisual examination of critical areas and general inspection of the accessible interior and
exterior surfaces of the containment structure and components are performed to uncover any
evidence of structural deterioration that may affect either the structural integrity or leak-tightness
of the containment. If there is evidence of significant structural deterioration, corrective action is
taken in accordance with approved repair procedures before the ILRT is performed. Except for
the inspections and actions described above, during the period between the initiation of the
inspection and the initiation of the ILRT, no preliminary leak detection surveys and repairs are
performed before conducting the Type A test.

+ Closure of containment isolation valves is accomplished by the normal mode of actuation and
without preliminary exercises or adjustments (for example, no tightening of the valves by manual
handwheel after closure by valve motor). All malfunctions and subsequent corrective actions are
reported in conjunction with the ILRT results.

* The Type B and Type C leakage rate tests (Subsections 6.2.6.2 and 6.2.6.3) are completed
before the Type A test is performed.

6.2.6.1.2 Periodic Integrated Leakage Rate Tests

Following the initial preoperational tests, ILRTs (Type A tests) are conducted periodically according
to 10 CFR 50 Appendix J to ensure that the containment integrity is maintained and to determine if
the leakage rate has increased since the previous ILRT. The tests are performed at intervals as
described below, after major repairs, and upon indication of excessive leakage. The periodic ILRTs
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follow the same method as the initial ILRT, and the same test prerequisites and acceptance criteria
also apply to the periodic ILRTs. Verification tests are also performed after each ILRT.

After the initial ILRT, periodic ILRTs are performed at intervals depending on whether Option A or
Option B of 10 CFR 50 Appendix J is selected by the COL Holder. In case Option A is selected, the
ILRTs are performed at least three times during each 10 year service period. In case Option B is
selected, the test interval is per RG 1.163. In addition, any major modification or replacement of
components of the reactor containment performed after the initial ILRT are followed by either a
Type A or a Type B test of the area affected by the modification, with the affected area meeting the
applicable acceptance criteria. This frequency of testing is established on the basis of 10 CFR 50
Appendix J.

If 10 CFR 50 Appendix J Option A is followed and if any ILRT fails to meet the acceptance criteria
prior to corrective action, the test schedule applicable to subsequent ILRTs shall be subject to
review and approval by the NRC. If two consecutive periodic ILRTs fail to meet the acceptance
criteria prior to corrective action, an ILRT is performed at each plant shutdown for major refueling or
approximately every 24 months (whichever occurs first), until two consecutive ILRTs meet the
acceptance criteria, after which time the previously established periodic retest schedule may be
resumed. The 24 month minimum period is an exemption from 10 CFR 50, Appendix J.

If 10 CFR 50 Appendix J Option B is followed and if the ILRT results are not acceptable, then a
determination should be performed to identify the cause of unacceptable performance and
determine appropriate corrective actions. Once the cause determination and corrective actions
have been completed, acceptable performance should be reestablished by performing an ILRT
within 48 months following the unsuccessful ILRT test. Following a successful ILRT, the previously
established periodic retest schedule may be resumed.

The following additional criteria are met for ILRTs if 10 CFR 50 Appendix J Option A is
implemented:

» The following portions of systems are kept open or vented to the containment atmosphere
during the ILRT:

— Portions of fluid systems that are part of the reactor coolant pressure boundary that are
open directly to the reactor containment atmosphere under post-accident conditions and
that become an extension of the boundary of the reactor containment.

— Portions of closed systems inside containment that penetrate containment and rupture
as a result of LOCA.

+ All systems not designed to remain filled with fluid (for example, vented) after a LOCA are
drained of water to the extent necessary to ensure exposure of the system containment isolation
valves to the containment air test pressure.
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» Those portions of fluid systems penetrating containment that are external to the containment
and that are not designed to provide a containment isolation barrier are vented to the outside
atmosphere, as applicable, to ensure that full post-accident differential pressure is maintained
across the containment isolation barrier.

» Systems that are required to maintain the plant in a safe condition during the ILRT are operable
in their normal mode and are not vented. Also, systems that are normally filled with water and
operating under post-LOCA conditions are not vented. Results of local leakage rate tests of
penetrations associated with these systems are added to the ILRT results.

If 10 CFR 50 Appendix J Option B is implemented, all 10 CFR 50 Appendix J pathways must be
properly drained and vented during the performance of ILRT, with the following exceptions:

» Pathways in systems that are required for proper conduct of the ILRT or to maintain the plant in
a safe shutdown condition during the ILRT.

» Pathways in systems that are normally filled with fluid and operable under post-accident
condition.

 Portion of pathways outside primary containment that are designed to Seismic Category | and at
least Safety Class 2.

» For planning and scheduling purpose, or ALARA considerations, pathways, which are Type B or
C tested within the previous 24 calendar months, need not be vented or drained during the ILRT.

6.2.6.2 Containment Penetration Leakage Rate Test (Type B)

Containment penetrations whose designs incorporate resilient seals, bellows, gaskets, or sealant
compounds; air-locks and air-lock door seals; equipment and access hatch seals; and electrical
penetration canisters receive preoperational and periodic Type B leakage rate tests in accordance
with 10 CFR 50 Appendix J. Containment penetrations subject to Type B tests are listed in Table
6.2-47. The local leak detection tests of Type B and Type C (Subsection 6.2.6.3) are completed
prior to the preoperational or periodic Type A tests.

Type B tests are performed at containment peak accident pressure, P,, by local pressurization
using either the pressure-decay or flowmeter method. For the pressure-decay method, a test
volume is pressurized with air or nitrogen to at least P,. The rate of decay of pressure of the known
test volume is monitored to calculate the leakage rate. For the flowmeter method, the required test
pressure is maintained in the test volume by making up air or nitrogen, through a calibrated
flowmeter. The flowmeter fluid flow rate is the leakage rate from the test volume.

The combined leakage rate of all components subject to Type B and Type C tests do not exceed
60% of L.

In accordance with 10 CFR 50 Appendix J, Type B tests are performed at intervals depending on
whether Option A or Option B of 10 CFR 50 Appendix J is selected on a unit-specific basis. In case
Option A is selected, Type B tests (except for air-locks) are performed during each reactor
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shutdown for major fuel reloading, or other convenient intervals, but in no case at intervals greater
than two years. Under this option air-locks opened when containment integrity is required are tested
in manual mode within three days of being opened. If the air-lock is to be opened more frequently
than once every three days, the air-lock is tested at least once every three days during the period of
frequent openings. The acceptance criteria for air-lock is a leakage rate of less than or equal to 0.05
L,, when tested at pressure greater than or equal to Pa. As an exemption from 10 CFR 50
Appendix J, Section 1I1.D.2.(b)(ii), can be satisfied by testing at the end of periods when
containment integrity is not required by the plant's Technical Specifications at a lower test pressure
specified in the technical specification applied between the door seals with an acceptable maximum
measured leakage rate of 0.01 L. Air-locks are tested at initial fuel loading, and at least once every
six months thereafter. In case Option B is selected, the test interval is per RG 1.163. Air-locks that
are allowed to be opened during power operation may be tested at power operation so as to avoid
shutting down.

Personnel air-locks through the containment include provisions for testing the door seals and the
overall air lock leakage rates. Each door includes test connections that allow the annulus between
the seals to be pressurized and the pressure decay (if pressure-decay method is used) or flow (if
flowmeter method is used) is monitored to determine the leak-tight integrity of the seals. Test
connections are also provided on the outer face of each bulkhead so that the entire lock interior can
be pressurized and the pressure decay or flow monitored to determine the overall lock leakage.
Clamps or tiedowns are installed to keep the doors sealed during the overall lock test, because
normal locking mechanisms are not designed for the full differential pressure across the door in the
reverse direction.

6.2.6.3 Containment Isolation Valve Leakage Rate Test (Type C)

Type C tests are performed on all containment isolation valves required to be tested per 10 CFR 50
Appendix J Option A or Option B. Containment isolation valves subject to Type C tests are listed
within Tables 6.2-15 through 6.2-45.

Type C tests (like Type B tests) are performed by local pressurization using either the
pressure-decay or flowmeter method. The test pressure is applied in the same direction as when
the valve is required to perform its safety function, unless it can be shown that results from tests
with pressure applied in a different direction are equivalent or conservative. For the pressure-decay
method, test volume is pressurized with air or nitrogen to at least P,. As an exemption from 10 CFR
50 Appendix J, Option A, Section 111.D.2.(b)(ii), can be satisfied by testing at the end of periods
when containment integrity is not required by the plant's Technical Specifications at a lower test
pressure specified in the Technical Specification applied between the door seals with an acceptable
maximum measured leakage rate of 0.01 L. The rate of decay of pressure of the known test
volume is monitored to calculate the leakage rate. For the flowmeter method, the required test
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pressure is maintained in the test volume by making up air or nitrogen through a calibrated
flowmeter. The flowmeter fluid flow rate is the isolation valve leakage rate.

All isolation valve seats that are exposed to containment atmosphere subsequent to a LOCA are
tested with air or nitrogen at containment peak accident pressure P.

Per ANSI/ANS-56.8-1994 (for Option A) and NEI 94-01, Revision 0 (for Option B), a Type C local
leakage rate test may not be performed for the following cases:

* Primary containment boundaries that do not constitute potential primary containment
atmospheric pathways during and following a DBA.

» Boundaries sealed with a qualified seal system.

» Test connection vents and drains between primary containment isolation valves that are one
inch or less in size, administratively secured closed and consist of a double barrier.

Per ANSI/ANS-56.8-1994, a qualified seal system is "a system that is capable of sealing the
leakage with a liquid at a pressure no less than 1.1 P, [equivalent to P, in 10 CFR 50, Appendix J]
for at least 30 days following the DBA.” Type C valves with a qualified seal system are periodically
tested to prove functionality by pressurizing the line with the sealing fluid to a pressure of not less
than 1.1 P,. The measured leakage is excluded when determining the combined leakage rate,
provided that:

» Such valves have been demonstrated to have fluid leakage rates that do not exceed those
specified in the technical specifications or associated bases; and

» The installed isolation valve seal-water system fluid inventory is sufficient to assure the sealing
function for at least 30 days at a pressure of 1.1 P,.

Unless there is essentially an unlimited supply of sealing fluid, valve-specific leakage rate limits are
assigned, based on analyses to assure fluid inventory for 30 days at a pressure of 1.10 P,
assuming the most limiting single failure of any active component, and included in the Technical
Specifications.

The following exemption from 10 CFR 50 Appendix J Option A or Option B is taken for Type C test
for MSIVs:

* The measured leakage rate of MSIV in a Type C test is excluded when determining the
combined leakage rate of components subject to Type B and Type C tests. The justification for
this exemption from 10 CFR 50 Appendix J requirement is because it is excluded from La which
is redefined in Subsection 6.2.6.1.1.

Instrument lines that penetrate containment conform to RG 1.11 and may not be Type C tested. The
lines that connect to the reactor coolant pressure boundary include a restricting orifice inside
containment, are Seismic Category |, and terminate in Seismic Category | instruments. The
instrument lines also include manual isolation valves and excess flow check valves or equivalent.
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These valves are normally open and are considered extensions of the containment, whose integrity
is continuously demonstrated during normal operation. In addition, these lines are subject to the
periodic Type A test, because they are open (up to the pressure boundary instruments) during the
ILRT. Leak-tight integrity is also verified during functional and surveillance activities as well as
visual observations during operator tours.

The combined leakage rate of all components subject to Type B (Subsection 6.2.6.2) and Type C
(Subsection 6.2.6.3) tests shall not exceed 60% of L.

6.2.6.4 Scheduling and Reporting of Periodic Tests

The periodic leakage rate test schedule requirements for Types A, B, and C tests are specified in
the plant-specific Technical Specifications.

Type B and C tests may be conducted at any time during normal plant operations or during
shutdown periods, with test intervals as per Option A or Option B of 10 CFR 50 Appendix J. Each
time a Type B or C test is completed, the overall total leakage rate for all required Type B and C
tests is updated to reflect the most recent test results. In addition to the periodic tests, any major
modification or replacement of a component that is part of the primary reactor containment
boundary performed after the preoperational leakage rate test is followed by either a Type A, B, or
C test (as applicable) for the area affected by the modification.

The leakage test summary report includes descriptions of the containment inspection method, any
repairs necessary to meet the acceptance criteria, and the test results.

6.2.6.5 (Deleted)

6.2.7 Fracture Prevention of Containment Pressure Boundary

The reactor containment system includes the functional capability of enclosing the reactor system
and of providing a final barrier against the release of radioactive fission products attendant
postulated accidents.

Fracture prevention of the containment pressure boundary is assured. The ESBWR meets the
relevant requirements of the following regulations:

» General Design Criterion 1 (as it relates to the quality standards for design and fabrication) - See
Subsection 3.1.1.1.

» General Design Criterion 16 (as it relates to the prevention of the release of radioactivity to the
environment) - See Subsection 3.1.2.7.

» General Design Criterion 51 (as it relates to the reactor containment pressure boundary design)
- See Subsection 3.1.5.2.

To meet the requirements of GDC 1, 16 and 51, the ferritic containment pressure boundary
materials meet the fracture toughness criteria for ASME Section Il Class 2 components. These
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criteria provide for a uniform review, consistent with the safety function of the containment pressure
boundary within the context of RG 1.26, which assigns correspondence of Group B Quality
Standards to ASME Code Section Ill Class 2.
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Table 6.2-1 Containment Design Parameters

Design Conditions:
Upper and Lower Drywell

Design Pressure 310 kPaG [45 psig]

Design Temperature 171°C (340°F)

Internal minus External Differential Pressure -20.7 kPaD [-3.0 psid]

DW minus WW Differential Pressure 241 kPaD [35 psid] to -20.7 kPaD [-3.0 psid]

Inerting Gas Nitrogen (with < 3% Oxygen by Volume)

Wetwell

Design Pressure 310 kPaG [45 psig]

Design Temperature 121°C (250°F)

Inerting Gas Nitrogen (with < 3% Oxygen by Volume)

Horizontal Vent System

Design Pressure 310 kPaG [45 psig]

Design Temperature 171°C (340°F)

Containment Leak Rates

Maximum Containment Leakage 0.35% of Weight of Containment Free Volume per 24 hours at

Excluding MSIV Leakage Pressure 310 kPaG [45 psig] and Standard Temperature 20°C
(68°F)

Vacuum Breakers Between Drywell and Wetwell
Number of Vacuum Breakers Three (3)

Vacuum Breaker Opening Differential Pressure (WW 3.07 kPaD [0.445 psid]
Pressure minus DW Pressure)

Vacuum Breaker Closing Differential Pressure (WW 2.21 kPaD [0.320 psid]
Pressure minus DW Pressure)
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Table 6.2-2

Containment Conditions During Normal Operation

Upper and Lower Drywell
Pressure during Normal Operation
Nominal
Maximum
Minimum
Temperature during Normal Operation
Nominal
Maximum
Minimum
Relative Humidity during Normal Operation
Nominal
Drywell Pressure Scram Initiation Setpoint
Wetwell
Pressure during Normal Operation
Nominal
Maximum

Minimum

Maximum

Hot Standby Maximum

Temperature

Humidity

Gas Space Conditions, during Normal Operation

Suppression Pool Temperature during Normal Operation

104.1 kPa (15.1 psia)
106.9 kPa (15.5 psia)
101.3 kPa (14.7 psia)

57.2°C (135°F)
65.5°C (150°F)
46.1°C (115°F)

50%
13.8 kPaG (2.0 psig)

104.1 kPa (15.1 psia)
106.9 kPa (15.5 psia)
101.3 kPa (14.7 psia)

43.3°C (110°F)
54.4°C (130°F)

43.3°C (110°F)
100%
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Table 6.2-3 Containment Major Configuration Data

Drywell

Upper Drywell Free Gas Volume (nominal design value)

Lower Drywell Free Gas Volume (nominal design value)
Wetwell

Free Gas Space Volume atHigh Water Level (nominal design value)

Suppression Pool Volume (Includes Vents) at Normal Water Level
Suppression Pool surface area

Pool Surface Only

Vertical Vents (Total of 12 vents)

Suppression Pool Depth at High Water Level

Suppression Pool Depth at Nominal Water Level

Suppression Pool Depth at Low Water Level
GDCS Pools

Total Water Volume (per pool for pools at 90 and 270 degrees) at
Normal Water Level

Total Water Volume
(for pool at 180 degrees) at Normal Water Level

Non-Drainable Water Volume
(per pool for pools at 90 and 270 degrees)

Non-Drainable Water Volume
(for pool at 180 degrees)

Pool Surface Area
(per pool for pools at 90 and 270 degrees)

Pool Surface Area (for pool at 180 degrees)

6016 m3 (~212500 ft3)
1190 m3 (~42020 ft3)

5350 m3 (188900 ft3)
4424 m3 (~156200 ft3)

799 m? (8600 ft)
13.6 m? (146 ft2)
5.5 m (18 ft)
5.45m (17.9 ft)
5.4 m (17.7 ft)

581 m3 (20500 ft3)
779 m3 (27500 ft3)
83 m3 (2900 ft3)
111 m3 (3920 ft%")
88 m? (950 ft?)

118 m2 (1270 ft2)
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Table 6.2-4 Major Design Parameters of Vent System
Vertical Vents (Flow Channels)

Total Number of Vertical Flow Channels 12

Inside Diameter 1.2 m (3.9 ft)

Inside Diameter

Top Row (centerline)
Middle Row (centerline)

Bottom Row (centerline)

Height 12.54 m (41.1 ft)
Horizontal Vents

Number of Vents per Vertical Vent 3

Total Number 36

0.700 m (2.30 ft)

Submergence at Normal
Water Level (NWL)

1.95m (6.4 ft)
3.32m (10.9 ft)
4.69 m (15.4 ft)

Height above Pool Floor

3.5m (11.48 ft)
2.13 m (6.99 ft)
0.76 m (2.49 ft)
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Table 6.2-5

Summary of Containment-LOCA Performance Analyses(Sheet 1 of 2)

Break Location | Breagk Sizel! Single | Maximum DW | Maximum DW Margin(® to Short-term Long-term Long-term WW Long-term
kPa (psia) kPaG (psig) Pressure of Temperaturem Temperaturem °C (°F) Pool
310 kPaG (45 °C (°F) °C (°F) Temperature(”)
psig) (%) °C (°F)
Based on standard (Nominal) TRACG evaluation model:

Steam Line 0.09832 1 DPV 365.75 264.39 15% 182.91 140.47 122.73 75.56

Inside (1.058) (53.05) (38.35) (361.24) (284.85) (252.91) (168.00)
Containment(®)

Feedwater 0.07420 1 DPV 338.87 237.52 23% 169.88 139.33 118.45 72.00
Line® (0.7986) (49.15) (34.45) (337.78) (282.80) (245.21) (161.60)
GDCS 0.004561 1 DPV 314.46 213.11 31% 164.16 137.39 114.55 63.98

Injection Line (0.04910) (45.61) (30.91) (372.49) (279.30) (238.19) (147.16)
Bottom Head 0.004052 1 DPV 324.95 223.60 28% 164.75 138.20 115.69 64.75
Drain Line (0.04361) (47.13) (32.43) (328.55) (280.76) (240.26) (148.57)
Based on bounding values:

Steam Line 0.09832 1 DPV 396.25 294.90 5% 173.58 143.35 125.94 74.81

Inside (1.058) (57.47) (42.77) (344.44) (290.03) (258.69) (166.66)
Containment(®)

Feedwater 0.07420 1 DPV 367.88 266.53 14% 169.47 142.13 121.95 71.08
Linet® (0.7986) (53.36) (38.66) (337.05) (287.83) (251.51) (189.94)

Steam Line 0.09832 1 SRV 397.45 296.10 5% 173.57 143.46 126.55 74.59
Inside (1.058)(") (57.65) (42.95) (344.43) (290.22) (259.79) (166.26)

Containment(®)

Feedwater 0.07420 1 SRV 369.63 268.28 14% 167.94 142.24 123.16 69.61
Line® (0.7986) (53.61) (38.91) (334.30) (288.03) (253.69) (157.30)

Steam Line 0.09832 1 SRV 394.12 292.76 6% 174.97 143.17 128.39 74.33
Inside (1.058)(") (57.16) (42.46) (346.95) (289.71) (263.10) (165.79)

Containment,
Off Site

Power®

(Deleted)
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Table 6.2-5 Summary of Containment-LOCA Performance Analyses(Sheet 2 of 2)

Notes:

1 The break area is from the RPV side of the break.

2 For the feedwater line break, the total break area from the TB side is limited at the two parallel venturi sections, with flow area of 0.04997 m2 (0.53787
ft2) each. The break area from the RPV side of the break is limited by the feedwater sparger piping, which has a flow area of 0.07420 m2 (0.79862 ft2).
The analysis assumes feedwater lines are completely isolated in 52 seconds after the LOCA initiation (isolation valves start to close at 42 s with
closure time of 10 s).

3 Main Steam Line Break, at Level 34, 2 GDCS vent paths. The break area from the RPV side of the break is limited by the Main Steam Line (MSL)
nozzle, which has a flow area of 0.09832 m2 (1.05831 ft2).

4 Main Steam Line Break with offsite power, see Table 6.2-6 for initial conditions. Other bounding cases are based on the initial DW pressure and WW

pressure of 110.3 kPa (16.0 psia).

Maximum DW pressure calculated during the 72 hours following a LOCA.

Minimum pressure margin calculated during the 72 hours following a LOCA.

7 The containment structure is evaluated for the fluid temperatures in Appendix 3G.5.

[0 )]
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Table 6.2-5a

Bounding Estimate of the ESBWR Containment Pressure(!) (Sheet 1 of 4)

(1) TRACG Calculated Pressure and Margin

Case # Break Location Single Peak DW GDCS NC Gas | DW Head NC DW NC Gas WW NC Gas DW TRACG Calculated
Failure Pressure (kPa) | Mass at 72 hrs Gas Mass at Mass at 72 hrs | Mass at 72 hrs Pressure DW Pressure
(kg) 72 hrs (kg) (kg) (kg) (psig) Margin at
72 hr [based on
design limit of 310
kPaG (45 psig)], %
1 Steam Line Inside 1 DPV 396.25 27.01 121.05 3.85 14875.00 42.77 5
Containment
2 Feedwater Line 1 DPV 367.88 712.66 50.20 22.13 14247.76 38.66 14
3 Steam Line Inside 1 SRV 397.45 13.61 124.21 3.22 14884.95 42.95 5
Containment
4 Feedwater Line 1 SRV 369.63 702.43 13.88 3.29 14313.51 38.91 14
Steam Line Inside 1 SRV 394.12 10.98 145.40 3.21 14417.78 42.46 6
Containment, Off
Site Power?
(2) Pressure Margin (Purge all residual noncondensable gas from DW to WW)
Case # |Break Location Single Total NC Gas Total NC Gas | Adjusted WW Adjusted Adjusted Adjusted Adjusted DW
Failure Mass Mass in WW NC Gas Mass DW Pressure DW Pressure DwW Pressure
remaining in (with Al NC Ratio at 72 hr (kPa) at 72 hr (psia) | Pressure at Margin at 72 hr
DW regions at Gas purged 72 hr (psig) [based on design
72 hrs (kg) into WW at 72 limit of
hrs) 310 kPaG (45 psig)],
(kg) %
1 Steam Line Inside 1 DPV 151.92 15026.92 1.010 400.30 58.06 43.36 4
Containment
2 Feedwater Line 1 DPV 784.99 15032.75 1.055 388.15 56.30 41.60 8
3 Steam Line Inside 1 SRV 141.04 15025.99 1.009 401.22 58.19 43.49 3
Containment
4 Feedwater Line 1 SRV 719.60 15033.11 1.050 388.22 56.31 41.61
Steam Line Inside 1 SRV 159.59 14577.37 1.011 398.48 57.79 43.09
Containment, Off
Site Power?
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Table 6.2-5a

Bounding Estimate of the ESBWR Containment Pressure!!) (Sheet 2 of 4)

(3) Pressure Margin with additional noncondensable gas from pneumatic valves and nitrogen dissolved in the SLC system liquid

Case # Break Location Single Additional NC Total NC Gas New WW NC Adjusted Adjusted Adjusted Adjusted DW
Failure Gas Mass in WW Gas Mass DW Pressure DW Pressure DW Pressure
Mass from (with Al NC Ratio at at Pressure at Margin at 72 hr
Containment Gas purged 72 hr (kPa) 72 hr (psia) 72 hr (psig) [based on design
Valve Systems into limit of
and WW at 72 hrs) 310 kPaG (45 psig)],
SLC Liquid® (kg) %
(kg)
1 Steam Line Inside 1 DPV 184.50 15211.42 1.023 405.22 58.77 44.07 2
Containment
2 Feedwater Line 1DPV 184.50 15217.25 1.068 392.91 56.99 42.29 6
3 Steam Line Inside 1 SRV 184.50 15210.49 1.022 406.14 58.91 44.21 2
Containment
4 Feedwater Line 1 SRV 184.50 15217.61 1.063 392.98 57.00 42.30 6
Steam Line Inside 1SRV 184.50 14761.87 1.024 403.53 58.53 43.83 3
Containment, Off
Site Power(®)
(3a) Pressure margin with reduced initial NC gas mass from reduced DW and WW Free Volume®)
Case # Break Location Single Mass of NCG Total NC Gas New WW NC Adjusted Adjusted Adjusted Adjusted DW
Failure Removed from Mass in WW Gas Mass DW Pressure DW Pressure DW Pressure Margin at
WW due to (with Al NC Ratio at at Pressure 72 hr
Volume Gas purged 72 hr (kPa) 72 hr (psia) at72 hr [based on 310.3
Readjustments into (psig) kPaG
(kg) WW at 72 hrs) (45 psig)], %
(kg)
1 Steam Line Inside 1 DPV -230.63 14980.80 1.007 399.07 57.88 43.18 4
Containment
2 Feedwater Line 1 DPV -230.63 14986.62 1.052 386.96 56.12 41.42
3 Steam Line Inside 1SRV -230.63 14979.87 1.006 399.99 58.01 43.31 4
Containment
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Table 6.2-5a

Bounding Estimate of the ESBWR Containment Pressure!!) (Sheet 3 of 4)

(3a) Pressure margin with reduced initial NC gas mass from reduced DW and WW Free Volume(®)

Case # Break Location Single Mass of NCG Total NC Gas New WW NC Adjusted Adjusted Adjusted Adjusted DW
Failure Removed from Mass in WW Gas Mass DW Pressure DW Pressure DwW Pressure Margin at
WW due to (with AIINC Ratio at at Pressure 72 hr
Volume Gas purged 72 hr (kPa) 72 hr (psia) at72 hr [based on 310.3
Readjustments into (psig) kPaG
(kg) WW at 72 hrs) (45 psig)l, %
(kg)
4 Feedwater Line 1 SRV -230.63 14986.98 1.047 387.02 56.13 41.43 8
5 Steam Line Inside 1 SRV -223.02 14538.85 1.008 397.43 57.64 42.94 6
Containment,
osp®
(3b) Pressure Margin with Reduced WW Free Volume®)
Case # Break Location Single Adjusted DW Adjusted DW Adjusted Adjusted DW
Failure Pressure at Pressure at DwW Pressure Margin at
72 hr (kPa) 72 hr (psia) Pressure at 72 hr [based on
72 hr (psig) 310.3 kPaG (45
psig)], %
1 Steam Line Inside 1DPV 405.64 58.83 44.13 2
Containment
2 Feedwater Line 1 DPV 393.33 57.05 42.35 6
3 Steam Line Inside 1 SRV 406.57 58.97 44 .27 2
Containment
4 Feedwater Line 1 SRV 393.39 57.06 42.36 6
5 Steam Line Inside 1 SRV 403.97 58.59 43.89 2
Containment,
OSP?
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Table 6.2-5a

Bounding Estimate of the ESBWR Containment Pressure!!) (Sheet 4 of 4)

4) Targeted Pressure Margin at 1%
(4) Targ g

Margin

DW Pressure DW Pressure DW Pressure DW DW Pressure
(kPa) (kPaG) (psia) Pressure Margin
(psig) [based on design
limit of
310 kPaG (45 psig)],
%
Pressures at 1% 408.51 307.16 59.25 44.55 1

Notes:
Containment pressure adjustment assuming all noncondensable (NC) gases are purged into WW at 72 hrs, including NC gases remaining in DW
regions, NC gases dissolved in the SLC system liquid, and NC gases from safety/non-safety related pneumatic containment valves during the event.

1

2 Main Steam Line Break with Offsite Power (OSP), see Table 6.2-6 for initial conditions. Other bounding cases are based on the initial DW pressure and
WW pressure of 110.3 kPa (16.0 psia).

3 Additional noncondensable gases from pneumatic valves (142.9 kg) and nitrogen dissolved in the SLC system liquid (41.6 kg) total 184.5 kg.

4  Containment pressure recalculated considering a change in DWand WW NC gas masses (maximum DW volume and minimum WW volume per Table
6.2-6.)

5 Containment pressure recalculated considering a reduction in the available WW volume (minimum per Table 6.2-6).
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Table 6.2-6 Plant Initial Conditions Considered in the Containment DBA
Cases

No. |Plant Parameter Nominal Value Bounding Value

1 RPV Core Power 100% 102%

2 WW Relative Humidity 100% 100%

3 PCCS Pool Level 4.8 m (15.8 ft) 4.8 m (15.8 ft)

4 PCCS Pool Temperature 43.3°C (110°F) 43.3°C (110°F)

5 DW Pressure 101.3 kPa (14.7 psia) 106.9 kPa (15.5 psia)
6 DW Temperature 46.1°C (115°F) 46.1°C (115°F)

7 WW Pressure 101.3 kPa (14.7 psia) 106.9 kPa (15.5 psia)
8 WW Temperature 43.3°C (110°F) 43.3°C (110°F)

9 Suppression Pool Temp. 43.3°C (110°F) 43.3°C (110°F)

10 GDCS Pool Temperature 46.1°C (115°F) 46.1°C (115°F)

11 Suppression Pool Level 5.45 m (17.9 ft) 5.50 m (18.1 ft)

12 GDCS Pool Level 6.60 m (21.7 ft) 6.60 m (21.7 ft)

13 DW Relative Humidity 20% 20%

14 RPV Pressure 7.17 MPa (1040 psia) 7.274 MPa (1055 psia)
15 |RPV Water Level NwL(D NWL+0.3m (1 ft)

16 Maximum DW Volume 7245 m3@)(255900 f3) 7245 m3@)(25590 ft3)
17 Minimum WW Volume 5300 m3(@)(187200 f3) 5300 m3(@)(187200 f3)
18 RPV Dome Vapor and Saturation |287.4°C (549.3°F) 288.4°C (551.0°F)

Temperature
19 RPV Lower Plenum Liquid 272.3°C (522.2°F) 272.2°C (522.0°F)
Temperature
Notes:

1. NWL = Normal Water Level (Table 15.2-1)
2. Values used in Table 6.2-5a
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Table 6.2-6a Summary of ESBWR TRACG Nodalization Changes (From the
Design in Ref. 6.2-1 to the DCD Design)(Sheet 1 of 2)
Due to Addressing
Design Ref. 6.2-1
Item # Description Change Change SER Conditions
1 Core Power 4000 MW to 4500 MW v
2 Number of bundles 1020 to 1132 4
3 Core shroud OD +0.328 m (1.076 ft) v
4 Number of CRDs 121 to 269 v
5 GDCS pool and air Connection changed from WW to DW; v v
space location Eliminated the GDCS air space vent pipes to
WW.
6 GDCS pool air space | For bounding calculation, two pipes are used v
and DW connection to simulate the connection between the
GDCS pool air space and the DW, to purge
residual noncondensable gases in this air
space.
7 Total PCCS capacity 4x13.5 MW to 6x7.8 MW v
8 Total IC capacity 4x30 MW to 4x33.75 MW v
9 Pressure relief system |12 ADS valves to v
10 ADS valves + 8 SV
10 Containment vents 10to 12 v
11 Spill-over connection | Changed from ten horizontal holes to twelve v
(DW annulus to vertical | horizontal holes; hole inlet elevation raised to
vent module) approximately 2.5 m (8.2 ft) above the
suppression pool normal water level.
12 SLC System activated | Yes for the DCD design. v
on ADS
13 Credit for water added | Yes for the DCD design. v
by HCUs during scram
14 Credit for IC inventory | Yes for the DCD design. v
for RPV analysis
15 Integrated TRACG Combined the RPV and containment input v
input deck decks into one consistent, detailed deck.
16 Chimney modeling Changed from one chimney in containment v
P&T nodalization and three chimneys in RPV
water level nodalization, to a total of five
chimneys in the common nodalization, to
calculate the minimum water level; two of
these simulate the individual chimney
partition.
17 Air gap and reactor Modeled in the combined nodalization. v
shield wall
18 Lower DW Changed the modeling from TEE component v
cells to VSSL component cells
(improved nodalization).
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Table 6.2-6a Summary of ESBWR TRACG Nodalization Changes (From the
Design in Ref. 6.2-1 to the DCD Design)(Sheet 2 of 2)
Due to Addressing
Design Ref. 6.2-1
Item # Description Change Change SER Conditions
19 DW head air space Modeled in the combined nodalization v
(improved nodalization).
20 Top of WW airspace One additional axial level added at an v
elevation near the top of WW (improved
nodalization).
21 IC/PCCS pools Separate regions to model the expansion v
pool and the dryer/separator storage pool.
22 FW system Included FW mass outside of containment in v
LOCA evaluation model of FW line break.
23 PCCS condensate PCCS condensate drains directly to the v
return GDCS pools in the DCD design; the PCCS
drain tanks are eliminated.
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Table 6.2-7

Operational Sequence of ECCS For A Feedwater Line Break with
Failure of One DPV (Nominal Case)

Time (sec) Events
0 Guillotine break of feedwater line inside containment; normal auxiliary power assumed to be lost;
feedwater is lost. Loss of power generation bus initiates signals for scram and IC.
<1 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not credited
in this analysis.
1 FWL isolation starts, to be completely isolated in 15 seconds
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion started at 0.25

second later.

Vent clearing

Top Vent: 1.9 seconds, Middle Vent: 2.4 seconds, Bottom Vent: 3.2 seconds.

time
3 IC initiated from loss of power generation bus with 3 seconds signal delay time, drain valves start
to open at 15 seconds later.
5 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
12 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
16 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
20 Reactor isolated on low MSL pressure setpoint.
334 Level 1 is reached.
344 Level 1 signal confirmed; ADS/GDCS/SLCS timer initiated; SRV actuated.
394 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLCS flow starts on DPV
actuation.
494 GDCS timer (150 seconds after confirmed Level 1 signal) timed out. GDCS injection valves
open.
527 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
694 SLCS flow depleted.
135000 PCCS pool level drops below the elevation of 29.6 m (97.1 ft.); top ¥ portion of the PCCS tube
(~37.6 hrs) length becomes uncovered; connection valves open to allow the water from the Dryer/Separator
storage pool to flow into the IC/PCCS expansion pools.
From ~900 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open for
to 259000 this event.
(72 hrs)
~259000 DW pressure rises to 338.9 kPa (49.2 psia).
(~72 hrs)
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Table 6.2-7a Operational Sequence of ECCS for a Main Steam Line Break with
Failure of One DPV (Nominal Case)
Time (sec) Events
0 Guillotine break of main steam line inside containment; normal auxiliary power assumed to be lost;
feedwater is lost. Loss of power generation bus initiates signals for scram and IC.
<1 High DW pressure setpoint reached, scram signal from high DW pressure is not credited in this
analysis.
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion starts 0.25 second
later.
Vent clearing | Top Vent: 1.4 seconds, Middle Vent: 1.7 seconds, Bottom Vent: 2.3 seconds.
time
3 IC initiated from loss of power generation bus with 3 seconds signal delay time, drain valves start to
open 15 seconds later.
6 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
8 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
10 Reactor isolated on low MSL pressure setpoint.
16 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
458 Level 1 is reached.
468 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
518 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
618 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDCS injection valves open.
621 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the vessel
begins. Chimney and downcomer water levels start to rise.
818 SLCS flow depleted.

134626.1 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top %4 portion of the PCCS tube length
(~37.4 hrs) becomes uncovered; connection valves open to allow the water from the equipment storage pool to
flow into the IC/PCC expansion pools.

From ~450 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open for this
to 259000 event.
(72 hrs)

~259000 DW pressure rises to 365.75 kPa (53.05 psia).
(~72 hrs)
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Table 6.2-7b Operational Sequence of ECCS for a GDCS Line Break with
Failure of One DPV (Nominal Case)
Time (sec) Events
0 Guillotine break of GDCS line inside containment; normal auxiliary power assumed to be lost;

feedwater is lost. Loss of power generation bus initiates signals for scram and ICS.

2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion started at 0.25 second
later.
3 ICS initiated from loss of power generation bus with 3 seconds signal delay time, drain valves started
to open at 15 seconds later.
3 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not credited in this
analysis.
7 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
16 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
20 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
24 Reactor isolated on low MSL pressure set point.
Vent Top Vent: 32.9 seconds, Middle Vent: never cleared, Bottom Vent: never cleared.
clearing
time
219 Level 1 is reached.
229 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
279 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV actuation.
379 GDCS timer (150 seconds after confirmed Level 1 signal) timed out. GDCS injection valves open.
505 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the vessel
begins. Chimney and downcomer water levels start to rise.
580 SLC flow depleted.
1322127 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top %4 portion of the PCCS tube length
(~ 36 hrs) |becomes uncovered; connection valves open to allow the water from the equipment storage pool to
flow into the PCCS pools.
From ~825 | RPV water level remains higher than Level 0.5. Therefore equalizing line valves do not open for this
to 259000 |event.
(72 hrs)
~259000 |DW pressure rises to 314.46 kPa (45.61 psia).
(~72 hrs)
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Table 6.2-7c Operational Sequence of ECCS for a Bottom Drain Line Break
with Failure of One DPV (Nominal Case)
Time (sec) Events
0 Guillotine break of bottom drain line inside containment; normal auxiliary power assumed to be lost;
feedwater is lost. Loss of power generation bus initiates signals for scram and IC.
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion started at 0.25
second later.
3 IC initiated from loss of power generation bus with 3 seconds signal delay time, drain valves started
to open at 15 seconds later.
6 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not credited in
this analysis.
7 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
16 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
20 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
24 Reactor isolated on Low MSL pressure setpoint
Vent clearing | Top Vent: 286.6 seconds, Middle Vent: 427.5 seconds, Bottom Vent: never cleared.
time
362 Level 1 is reached.
372 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
422 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
522 GDCS timer (150 seconds after confirmed Level 1 signal) timed out. GDCS injection valves open.
652 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the vessel
begins. Chimney and downcomer water levels start to rise.
723 SLC flow depleted.

137759 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top Y4 portion of the PCCS tube length
(~38.3 hrs) becomes uncovered; connection valves open to allow the water from the equipment storage pool to
flow into the PCCS pools.

From ~800 |RPV water level remains higher than Level 0.5. Therefore equalizing line valves do not open for this
to 259000 event.
(72 hrs)

~259000 DW pressure rises to 324.95 kPa (47.13 psia).
(~72 hrs)
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Table 6.2-7d Operational Sequence of ECCS for a Feedwater Line Break with
Failure of One DPV (Bounding Case)
Time (sec) Events
0 Guillotine break of feedwater line inside containment; normal auxiliary power assumed to be lost;
feedwater is lost. Loss of power generation bus initiates signals for scram and IC.
<1 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not credited
in this analysis.
1 FWL isolation starts, to be completely isolated in 15 seconds.
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion starts 0.25 second

later.

Vent clearing

Top Vent: 2.0 seconds, Middle Vent: 2.6 seconds, Bottom Vent 3.4 seconds.

time
3 IC initiated from loss of power generation bus with 3 seconds signal delay time, drain valves
starts to open 15 seconds later.
6 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
11 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
19 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
23 Reactor isolated on low MSL pressure setpoint.
350 Level 1 is reached.
360 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
410 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
510 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDCS injection valves open.
579 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
711 SLC flow depleted.
122600 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top 4 portion of the PCCS tube length
(~ 34 hrs) becomes uncovered; connection valves open to allow the water from the Dryer/Separator storage
pool to flow into the IC/PCCS expansion pools.
From ~800 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open for
to 259000 this event.
(72 hrs)
~259000 DW pressure rises to 367.9 kPa (53.4 psia).
(~72 hrs)
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Table 6.2-7e Operational Sequence of ECCS for a Main Steam Line Break with
Failure of one DPV (Bounding Case)
Time (sec) Events
0 Guillotine break of main steam line inside containment; normal auxiliary power assumed to be
lost; feedwater is lost. Loss of power generation bus initiates signals for scram and ICS.
<1 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not
credited in this analysis.
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion starts 0.25
second later.
Vent clearing Top Vent: 1.5 seconds, Middle Vent: 1.9 seconds, Bottom Vent: 2.5 seconds.
time
3 ICS initiated from loss of power generation bus with 3 seconds signal delay time, drain valves
start to open 15 seconds later.
8 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
8 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
12 Reactor isolated on low MSL pressure setpoint.
20 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
491 Level 1 is reached.
501 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
551 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
651 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDCS injection valves
open.
698 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
853 SLC flow depleted.
121203 PCCS pool drops below the elevation of 29.6 m (97.1 ft.); top 4 portion of the PCCS tube
(~33.6 hrs) length becomes uncovered; connection valves open to allow the water from the equipment
storage pool to flow into the IC/PCCS expansion pools.
From ~450 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open
to 259000 for this event.
(72 hrs)
~259000 DW pressure rises to 396.25 kPa (57.47 psia).
(~72 hrs)
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Table 6.2-7f Operational Sequence of ECCS for a Feedwater Line Break with
Failure of one SRV (Bounding Case)
Time (sec) Events
0 Guillotine break of feedwater line inside containment; normal auxiliary power assumed to be
lost; feedwater is lost. Loss of power generation bus initiates signals for scram and ICS.
<1 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not
credited in this analysis.
2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion starts 0.25
second later.
Vent clearing Top Vent: 2.11 seconds, Middle Vent: 2.63 seconds, Bottom Vent: 3.48 seconds.
time
3 ICS initiated from loss of power generation bus with 3 seconds signal delay time, drain valves
start to open 15 seconds later.
6 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
11 Level 2 is reached (MSIV closure and ICS initiation signals are not credited in this analysis).
19 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
23 Reactor isolated on low MSL pressure setpoint.
351 Level 1 is reached.
361 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
411 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
511 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDCS injection valves
open.
571 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
712 SLC flow depleted.
122918 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top Y4 portion of the PCCS tube
(~ 34 hrs) length becomes uncovered; connection valves open to allow the water from the
Dryer/Separator storage pool to flow into the IC/PCCS expansion pools.
From ~720 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open
to 259000 for this event.
(72 hrs)
~259000 DW pressure rises to 369.6 kPa (53.61 psia).
(~72 hrs)
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Table 6.2-7g Operational Sequence of ECCS for a Main Steam Line Break with
Failure of One SRV (Bounding Case)
Time (sec) Events
0 Guillotine break of main steam line inside containment; normal auxiliary power assumed to be

lost; feedwater is lost. Loss of power generation bus initiates signals for scram and ICS.

<1 High Drywell pressure setpoint reached, scram signal from high drywell pressure is not
credited in this analysis.

2 Loss of normal auxiliary power confirmed; reactor scram initiated; rod insertion starts 0.25
second later.

Vent clearing time | Top Vent: 1.52 seconds, Middle Vent: 1.90 seconds, Bottom Vent: 2.50 seconds.

3 IC initiated from loss of power generation bus with 3 seconds signal delay time, drain valves
start to open 15 seconds later.
8 Low MSL pressure setpoint reached, MSIV closure initiated at 0.7 second later.
8 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
12 Reactor isolated on low MSL pressure setpoint.
20 Level 2 is reached (MSIV closure and IC initiation signals are not credited in this analysis).
491 Level 1 is reached.
501 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
551 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
651 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDCS injection valves
open.
692 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
852 SLC flow depleted.
121401 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top %4 portion of the PCCS tube
(~ 33.7 hrs) length becomes uncovered; connection valves open to allow the water from the
Dryer/Separator storage pool to flow into the IC/PCCS expansion pools.
From ~800 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open
to 259000 for this event.
(72 hrs)
~259000 DW pressure rises to 397.45 kPa (57.65 psia).
(~72 hrs)
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Table 6.2-7h

Operational Sequence of ECCS for a Main Steam Line Break with
Failure of One SRV (Bounding Case, with Offsite Power)

Time (sec) Events
0 Guillotine break of main steam line inside containment.
<1 Drywell Pressure High setpoint is reached, reactor scram initiated; rod insertion starts 0.25
second later.
<1 Drywell Pressure High-High setpoint is reached; feedwater isolation occurs 15 seconds later.

Vent clearing time

Top Vent: 1.52 seconds, Middle Vent: 1.91 seconds, Bottom Vent 2.52 seconds.

9 Low MSL pressure setpoint reached. MSIV closure initiated at 0.7 second later.
10 Level 3 is reached (scram signal from Level 3 is not credited in this analysis).
13 Reactor isolated on low MSL pressure setpoint. (1)
16 Feedwater isolated on Drywell pressure High-High.
23 Level 2 is reached (MSIV closure and IC initiation signals are not credited in this analysis).
HP CRD injection begins on Level 2.
890 Level 1 is reached.
900 Level 1 signal confirmed; ADS/GDCS/SLC timer initiated; SRV actuated.
950 DPV actuation begins at 50 seconds after confirmed Level 1 signal; SLC flow starts on DPV
actuation.
1050 GDCS timer (150 seconds after confirmed Level 1 signal) times out. GDC injection valves
open.
1053 Vessel pressure decreases below maximum injection pressure of GDCS. GDCS flow into the
vessel begins. Chimney and downcomer water levels start to rise.
1250 SLC flow depleted.
2178 HP CRD terminated on low GDCS Pool Level
123763 PCCS pool drops below the elevation of 29.6 m (97.1 ft); top %4 portion of the PCCS tube
(~34.4 hrs) length becomes uncovered; connection valves open to allow the water from the
Dryer/Separator storage pool to flow into the IC/PCCS expansion pools.
From ~0 RPV water level remains higher than Level 0.5. Therefore, equalizing line valves do not open
to 259000 for this event.
(72 hrs)
~259000 DW pressure rises to 394.12 kPa (57.16 psia).
(~72 hrs)

Note:

T TRACG analysis assumes ICS initiation at 3 sec, it actually initiates at 13 sec on MSIV closure. This
difference has no effect on the long term containment conditions.
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Table 6.2-8 Model Parameters for Containment Bounding Calculation
Model Base Uncertainty | Bounding | Bounding
No. Parameter value Distribution (1 sigma) case value used

1 Critical Flow” 1.0 Normal 9.5% - 2 sigma 0.81
(PIRT84)

2 Decay Heat 1.0 Normal ~0.05 + 2 sigma Decay Heat
Multiplier + 2 sigma

3 Surface Heat 100 Uniform 1to 200 Lower 1
Transfer? bound
(PIRTO7)

4 Passive 1065 m™ Normal 260.0 m™ + 2 sigma 1585 m™
Containment 9.192 ft* 2.244 13.68 ft*
Cooling inlet Loss
(KIA?)

5 Passive 1.0 Normal 7.9% - 2 sigma 0.902
Containment (bias — 6.0%)

Cooling Heat
Transfer (PIRT78)

6 Vacuum Breaker 747 m™* Normal 93.6 m*4 + 2 sigma 934.1 m*

Loss (k/A?) 6.45 ft 0.81 ft* 8.06 ft*
Notes:

1. A model multiplier (PIRT84) of 1.0 is applied to the critical flow for the nominal cases for all
breaks. The choked flow uncertainty in the TRACG model (Reference 6.2-1) has been
determined to be 1 sigma (9.5%) uncertainty, or + 2 sigma (+0.19) variance. For long-term
containment pressure, uncertainty analysis shows that a smaller critical flow multiplier results in
higher DW pressure. Hence for all bounding cases, a smaller model multiplier (PIRT84) of 0.81
(=1-0.19) is applied to the critical flow model to account for the lower uncertainty range (-2 sigma
value) for the choked flow.

2. Free surface to vapor heat transfer in WW.
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Table 6.2-9 ESBWR Design Features for Severe Accident Control
Function:
Prevention /
Design Feature Mitigation Purpose/Description
IC Prevention Controls reactor pressure. First line of defense
against accidents.

ADS Prevention Depressurizes reactor pressure vessel and prevents
high pressure core-melt accident. Minimizes
probability of direct containment heating.

Compact containment design with Mitigation Containment isolation with minimum leakage. High
minimum penetrations. Lower DW kept retention of aerosols. Fuel-Coolant Interactions and
dry Ex-Vessel Steam Explosions minimized.
Lower DW configuration Mitigation Lower DW floor provides spreading area for cooling
of molten core.
Containment overpressure protection Mitigation A system that provides additional defense in depth.
system
Deluge Lines Flooder system supplying Mitigation Provides additional cooling for corium on the floor
water to BIMAC Device from top and bottom that minimizes Ex-Vessel
Core-Concrete Interactions and provides long-term
cooling of debris.
PCCS heat exchangers Mitigation Filter aerosols - minimize offsite dose.
PCCS Prevention Provides long-term containment cooling. Keeps
/Mitigation pressure within design limits.
Suppression pool and Airspace Prevention Suppression pool is heat sink. Scrubs aerosols.
/Mitigation Airspace volume is sized for 100% metal-water
reaction.
GDCS configuration Prevention Increases DW airspace volume to handle
/Mitigation noncondensable gas release in severe accident.
Inerted containment with nitrogen Prevention Prevents hydrogen detonation within drywell and
/Mitigation wetwell.
GDCS Spillover Pipes Prevention Prevents steam explosion.
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Table 6.2-10 Passive Containment Cooling Design Parameters

Number of PCCS Condensers

Six (6)

Heat Removal Capacity for Each Condenser

7.8 MWt Minimum for pure saturated steam at a pressure
of 308 kPa (absolute) (45 psia) and temperature of 134°C
(273.2 °F) condensing inside tubes with an outside pool
water temperature of 102°C (216°F).

System Design Pressure

758.5 kPa(G) (110 psig)

System Design Temperature

171°C (340°F)

PCCS Vent Line Catalyst Modules
Number (one per vent line)

Catalyst Type

Minimum Hydrogen Recombination Capability Rate
(per module)

With a test stream consisting of 4% hydrogen in its
stoichiometric ratio with oxygen, the balance being

inert gas, and whose minimum velocity through the
module is 0.166 m/s (0.545 ft/s)

12

Platinum/Paladium Coating on metal plate substrate

1.66 kg/h (3.66 Ibm/h)
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Table 6.2-11 RWCU/SDC Break Locations
Break Size

Break Case Description mm (in)

1 Break in RWCU/SDC NRHX Room 300 (12)

2 Break in NRHX Valve Room 150 (6)

3 Break in Regenerative Heat Exchanger Room 150 (6)

4 Break in RWCU/SDC Pump Rooms 200 (8)

5 Break in RWCU/SDC Filter/Demineralizer Room 150 (6)
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Table 6.2-12 Subcompartment Vent Path Designation (Sl Units) (Sheet 1 of 8)
Flow K Blow Out
Path Cell | Cell DH Lp/ FOR K K K Flow Flow Pressure
No. Type From| To | P(m) | (m) DH T w REVER | AVERA | CONTAIN | Condition Direction (kPaG) Comments
1 DOOR 1 2 8.00 2.00 | 1.00 | 0.24 | 1.56 1.61 1.58 0.79 SUBSONIC BOTH NO TWO WAY
PATH
2 DOOR 2 3 8.00 200 | 0.50 | 0.97 | 1.51 1.24 1.38 0.69 SUBSONIC | FORWARD 10.34
3 DOOR 2 3 8.00 200 | 0.50 | 0.97 | 1.52 1.26 1.39 0.70 SUBSONIC | FORWARD 10.34
4 DOOR 3 4 8.00 200 | 0.35 | 113 | 1.25 1.24 1.24 0.62 SUBSONIC | FORWARD 10.34
5 DOOR 3 5 8.00 200 | 0.25 | 119 | 1.31 1.32 1.31 0.66 SUBSONIC | FORWARD 10.34
6 DOOR 6 7 8.00 200 | 1.00 | 0.24 | 1.56 1.61 1.58 0.79 SUBSONIC BOTH NO TWO WAY
PATH
7 DOOR 7 5 8.00 2.00 | 0.50 | 0.97 | 1.52 1.26 1.39 0.70 SUBSONIC | FORWARD 10.34
8 DOOR 7 5 8.00 2.00 | 0.50 | 0.97 | 1.51 1.24 1.38 0.69 SUBSONIC | FORWARD 10.34
9 DOOR 8 4 8.00 200 | 1.00 | 0.24 | 143 1.47 1.45 0.72 SUBSONIC | FORWARD 10.34
10 DOOR 9 10 8.00 2.00 | 1.00 | 0.24 | 1.49 1.48 1.49 0.74 SUBSONIC | FORWARD 10.34
11 DOOR 10 8.00 2.00 | 0.35 | 113 | 1.25 1.24 1.24 0.62 SUBSONIC | FORWARD 10.34
12 DOOR 10 4 8.00 200 | 0.25 | 119 | 1.24 1.24 1.24 0.62 SUBSONIC | FORWARD 10.34
13 DELETED
14 BLOW 12 17 9.00 222 | 045 | 1.05 | 2.25 1.78 2.25 1.13 SUBSONIC | FORWARD 16.547 TO
ouT ATMOSPHERE
PANEL
15 BLOW 13 17 | 9.00 | 222 | 045 | 1.05 | 2.25 1.78 2.25 1.13 SUBSONIC | FORWARD 16.547 TO
ouT ATMOSPHERE
PANEL
16 BLOW 14 17 9.00 222 | 045 | 1.05 | 2.25 1.78 2.25 1.13 SUBSONIC | FORWARD 16.547 TO
ouT ATMOSPHERE
PANEL
17 BLOW 15 17 9.00 222 | 045 | 1.05 | 2.25 1.78 2.25 1.13 SUBSONIC | FORWARD 16.547 TO
ouT ATMOSPHERE
PANEL
18 OPEN 3 12 10.00 | 2.00 | 0.50 | 0.97 | 047 0.90 0.69 0.34 SUBSONIC BOTH NO TWO WAY
SPACE PATH
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Table 6.2-12 Subcompartment Vent Path Designation (Sl Units) (Sheet 2 of 8)
Flow K Blow Out
Path Cell | Cell DH Lp/ FOR K K K Flow Flow Pressure
No. Type From| To | P(m) | (m) DH T w REVER | AVERA | CONTAIN | Condition Direction (kPaG) Comments
19 OPEN 5 14 10.00 | 2.00 | 0.50 | 0.97 | 0.48 0.93 0.71 0.35 SUBSONIC BOTH NO TWO WAY
SPACE PATH
20 OPEN 10 15 | 10.00 | 2.00 | 0.50 | 0.97 | 0.48 0.93 0.70 0.35 SUBSONIC BOTH NO TWO WAY
SPACE PATH
21 OPEN 4 13 10.00 | 2.00 | 0.50 | 0.97 | 047 0.90 0.69 0.34 SUBSONIC BOTH NO TWO WAY
SPACE PATH
22 DELETED
23 HATCH 11 18 1360 | 340 | 0.29 | 1.16 | 2.09 1.41 1.75 0.87 SUBSONIC | FORWARD 10.34
24 DOOR 18 19 8.00 2.00 | 0.30 | 116 | 1.97 1.97 1.97 0.98 SUBSONIC | FORWARD 10.34
25 DOOR 19 20 8.00 2.00 | 015 | 1.25 | 2.07 2.07 2.07 1.04 SUBSONIC | FORWARD 10.34
26 DOOR 20 5 8.00 | 2.00 | 1.00 | 0.24 | 1.22 0.82 1.02 0.51 SUBSONIC | FORWARD 10.34
27 DOOR 20 21 8.00 2.00 | 0.15 | 1.25 | 2.07 2.07 2.07 1.04 SUBSONIC | FORWARD 10.34
28 DOOR 21 22 8.00 2.00 | 0.30 | 116 | 1.97 1.97 1.97 0.98 SUBSONIC | FORWARD 10.34
29 DOOR 18 22 8.00 200 | 015 | 1.25 | 2.07 2.07 2.07 1.04 SUBSONIC | FORWARD 10.34
30 DOOR 22 23 | 8.00 | 2.00 | 1.00 | 0.24 | 1.49 1.63 1.56 0.78 SUBSONIC | FORWARD 10.34
31 DOOR 23 24 8.00 2.00 | 1.00 | 0.24 | 1.59 1.48 1.53 0.77 SUBSONIC | FORWARD 10.34
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Table 6.2-12 Subcompartment Vent Path Designation (Sl Units) (Sheet 3 of 8)

Flow Cell Volume Cell Volume F1 L1 FO Lp F2 L2 A/L per A/L per EL. In EL.
Path From (m3) To (m3) (m?) (m) m?) | (m). (m?) (m) ANSI/ANS-56.10-1982 | SMSAB-02-04 (m) Out
No. (m)
1 1 348 2 272 106.03 | 2.00 | 4.00 | 2.00 54.38 2.50 1.77 0.62 -10.50 | -10.50
2 2 271 3 334 9.64 5.00 | 4.00 | 1.00 19.37 5.20 0.96 0.62 -10.50 | -10.50
3 2 271 3 334 9.84 5,50 | 4.00 | 1.00 19.37 3.20 1.03 0.62 -10.50 | -10.50
4 3 334 4 472 10.40 11.00 | 4.00 | 0.70 10.63 11.00 0.44 0.58 -10.50 | -10.50
5 3 334 5 342 10.97 9.50 | 4.00 | 0.50 10.73 12.00 0.47 0.58 -10.50 | -10.50
6 6 353 7 271 106.03 | 2.00 | 4.00 | 2.00 54.38 2.50 1.77 0.62 -10.50 | -10.50
7 7 271 5 342 9.84 550 | 4.00 | 1.00 19.37 5.00 0.94 0.62 -10.50 | -10.50
8 7 271 5 342 9.64 5,50 | 4.00 | 1.00 19.37 4.00 0.97 0.62 -10.50 | -10.50
9 8 151 4 472 43.79 1.00 | 4.00 | 2.00 32.92 2.50 1.67 0.75 -10.50 | -10.50
10 9 151 10 519 42.50 1.00 | 4.00 | 2.00 45.79 2.50 1.73 0.75 -10.50 | -10.50
11 10 519 5 342 10.40 11.00 | 4.00 | 0.70 10.63 9.50 0.47 0.57 -10.50 | -10.50
12 10 519 4 472 10.25 11.50 | 4.00 | 0.50 10.25 11.50 0.42 0.51 -10.50 | -10.50
13 DELETED
14 12 197 17 1.00E+08 5.00 19.50 | 5.00 | 1.00 | 99999.00 | 100.00 0.24 0.86 31.00 31.00
15 13 197 17 1.00E+08 5.00 19.50 | 5.00 | 1.00 | 99999.00 | 100.00 0.24 0.86 31.00 31.00
16 14 197 17 1.00E+08 5.00 19.50 | 5.00 | 1.00 | 99999.00 | 100.00 0.24 0.86 31.00 31.00
17 15 197 17 1.00E+08 5.00 19.50 | 5.00 | 1.00 | 99999.00 | 100.00 0.24 0.86 31.00 31.00
18 3 334 12 197 95.86 2.00 5.00 | 1.00 5.00 19.50 0.24 0.86 -7.40 -6.40
19 5 342 14 197 148.93 | 2.00 5.00 | 1.00 5.00 19.50 0.24 0.86 -7.40 -6.40
20 10 519 15 197 135.41 2.00 5.00 | 1.00 5.00 19.50 0.24 0.86 -7.40 -6.40
21 4 472 13 197 98.13 2.00 5.00 | 1.00 5.00 19.50 0.24 0.86 -7.40 -6.40
22 DELETED
23 11 94 18 458 25.00 2.20 11.5 | 1.00 1078.65 1.80 5.68 2.55 -2.00 -1.00
6
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Table 6.2-12 Subcompartment Vent Path Designation (Sl Units) (Sheet 4 of 8)

Flow Cell Volume Cell Volume F1 L1 FO Lp F2 L2 A/L per A/L per EL. In EL.
Path From (m3) To (m3) (m?) (m) (m?) | (m). (m?) (m) ANSI/ANS-56.10-1982 | SMSAB-02-04 (m) Out
No. (m)
24 18 458 19 458 23.00 | 12.00 | 4.00 | 0.60 23.00 12.00 0.84 0.52 0.00 0.00
25 19 458 20 153 24.27 8.00 | 4.00 | 0.30 24.27 1.10 2.22 0.75 0.00 0.00
26 20 153 5 342 8.00 280 | 4.00 | 2.00 42.22 1.25 1.14 0.75 -10.50 | -10.50
27 20 153 21 458 24.27 110 | 4.00 | 0.30 24.27 8.00 2.22 0.75 0.00 0.00
28 21 458 22 458 23.00 | 12.00 | 4.00 | 0.60 23.00 12.00 0.84 0.52 0.00 0.00
29 18 458 22 458 24.27 8.00 | 4.00 | 0.30 24.27 8.00 1.36 0.52 0.00 0.00
30 22 458 23 122 206.40 | 3.30 | 4.00 | 2.00 35.80 1.25 1.82 0.81 0.00 0.00
31 23 122 24 29000 35.80 1.25 | 4.00 | 2.00 107.00 3.85 1.75 0.81 0.00 0.00

FO - Path Area

F1 - Cross-Section Area of From Cell

F2 - Cross-Section Area of To Cell

P - Path Perimeter

L1 - Length of From Cell

L2 - Length of To Cell

Lp - Passage Length

DH - Hydraulic Diameter

T - Flow Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)

K FORW. - Direct Loss Pressure Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)

K REVER. - Inverse Loss Pressure Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)
K AVERA. - (K FORW.+K REVER.)/2

K CONTAIN - K AVERA./2

Inertia Term - A/L per ANSI/ANS 56.10-1982 has been used in the pressurization analyses.

Water entrainment - Dropout is activated since volumetric power is less than 5 MW/m3 (according to Subsection 4.2.1 of SMSAB-02-04, CONTAIN
Code Qualification Report/User Guide for Auditing Subcompartment Analysis Calculations).
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Table 6.2-12 Subcompartment Vent Path Designation (English Units) (Sheet 5 of 8)
Flow
Path CELL | CELL K K K K FLOW BLOW-OUT
No. TYPE FROM| TO | P(ft) |DH(ft) | Lp/DH | T | FORW. | REVER. | AVERA. | CONTAIN | FLOW COND. | DIRECTION |PRES (psig)] COMMENTS
1 DOOR 1 2 | 2625 | 656 | 1.00 | 0.24 | 1.56 1.61 1.58 0.79 SUBSONIC BOTH NO TWO WAY PATH
2 DOOR 2 3 | 2625 | 656 | 050 | 0.97 | 1.51 1.24 1.38 0.69 SUBSONIC | FORWARD 1.5
3 DOOR 2 3 | 2625 | 656 | 050 | 0.97 | 152 1.26 1.39 0.70 SUBSONIC | FORWARD 15
4 DOOR 3 4 | 2625 | 656 | 035 | 1.13 | 1.25 1.24 1.24 0.62 SUBSONIC | FORWARD 1.5
5 DOOR 3 5 | 2625 | 656 | 025 | 1.19 | 1.31 1.32 1.31 0.66 SUBSONIC | FORWARD 1.5
6 DOOR 6 7 | 2625 | 656 | 1.00 | 0.24 | 156 1.61 1.58 0.79 SUBSONIC BOTH NO TWO WAY PATH
7 DOOR 7 5 | 2625 | 656 | 050 | 0.97 | 1.52 1.26 1.39 0.70 SUBSONIC | FORWARD 15
8 DOOR 7 5 | 2625 | 656 | 050 | 0.97 | 1.51 1.24 1.38 0.69 SUBSONIC | FORWARD 1.5
9 DOOR 8 4 | 2625 | 656 | 1.00 | 0.24 | 1.43 1.47 1.45 0.72 SUBSONIC | FORWARD 15
10 DOOR 9 10 | 26.25 | 656 | 1.00 | 0.24 | 1.49 1.48 1.49 0.74 SUBSONIC | FORWARD 1.5
11 DOOR 10 5 | 2625 | 656 | 035 | 1.13 | 125 1.24 1.24 0.62 SUBSONIC | FORWARD 1.5
12 DOOR 10 4 | 2625 | 656 | 025 | 1.19 | 1.24 1.24 1.24 0.62 SUBSONIC | FORWARD 15
13 | DELETED
14 BLOW 12 17 | 2953 | 7.28 | 045 | 1.05 | 225 1.78 2.25 1.13 SUBSONIC | FORWARD 2.4 TO
ouT ATMOSPHERE
PANEL
15 BLOW 13 17 | 2953 | 7.28 | 045 | 1.05 | 225 1.78 2.25 1.13 SUBSONIC | FORWARD 2.4 TO
ouT ATMOSPHERE
PANEL
16 BLOW 14 17 | 2953 | 7.28 | 045 | 1.05 | 225 1.78 2.25 1.13 SUBSONIC | FORWARD 2.4 TO
ouT ATMOSPHERE
PANEL
17 BLOW 15 17 | 2953 | 7.28 | 045 | 1.05 | 225 1.78 2.25 1.13 SUBSONIC | FORWARD 2.4 TO
ouT ATMOSPHERE
PANEL
18 OPEN 3 12 | 3281 | 656 | 050 | 0.97 | 047 0.90 0.69 0.34 SUBSONIC BOTH NO TWO WAY PATH
SPACE
19 OPEN 5 14 | 3281 | 656 | 050 | 0.97 | 0.48 0.93 0.71 0.35 SUBSONIC BOTH NO TWO WAY PATH
SPACE
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Table 6.2-12

Subcompartment Vent Path Designation (English Units) (Sheet 6 of 8)

EL"t?,’ CELL | CELL K K K K FLOW BLOW-OUT
No. TYPE FROM| TO | P(ft) |DH(ft) |Lp/DH | T FORW. | REVER. | AVERA. | CONTAIN | FLOW COND. | DIRECTION |PRES (psig) COMMENTS
20 OPEN 10 15 32.81 6.56 0.50 0.97 0.48 0.93 0.70 0.35 SUBSONIC BOTH NO TWO WAY PATH
SPACE
21 OPEN 4 13 | 3281 | 656 | 050 | 0.97 | 0.47 0.90 0.69 0.34 SUBSONIC BOTH NO TWO WAY PATH
SPACE
22 DELETED
23 HATCH 1 18 | 4462 | 1115 | 029 | 1.16 | 2.09 1.41 1.75 0.87 SUBSONIC | FORWARD 1.5
24 DOOR 18 19 26.25 6.56 0.30 1.16 1.97 1.97 1.97 0.98 SUBSONIC FORWARD 1.5
25 DOOR 19 20 | 26.25 | 656 | 0.15 | 1.25 | 207 2.07 2.07 1.04 SUBSONIC | FORWARD 1.5
26 DOOR 20 5 26.25 | 6.56 | 1.00 | 024 | 1.22 0.82 1.02 0.51 SUBSONIC | FORWARD 1.5
27 DOOR 21 20 26.25 6.56 0.15 1.25 2.07 2.07 2.07 1.04 SUBSONIC FORWARD 1.5
28 DOOR 21 22 | 26.25 | 656 | 0.30 | 1.16 | 1.97 1.97 1.97 0.98 SUBSONIC | FORWARD 1.5
29 DOOR 18 22 | 26.25 | 656 | 0.15 | 1.25 | 207 2.07 2.07 1.04 SUBSONIC | FORWARD 1.5
30 DOOR 22 23 26.25 6.56 1.00 0.24 1.49 1.63 1.56 0.78 SUBSONIC FORWARD 1.5
31 DOOR 23 24 | 26.25 | 656 | 1.00 | 024 | 1.59 1.48 1.53 0.77 SUBSONIC | FORWARD 1.5
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Table 6.2-12 Subcompartment Vent Path Designation (English Units) (Sheet 7 of 8)
Flow AJL per AJL per
Path CELL | VOLUME | CELL | VOLUME ANSI/ANS- | SMSAB-02- EL.OUT
No. FROM (ft3) TO (ft3) F1 (ft?) | L1 (ft) | FO (ft?) | Lp (ft) F2 (ft?) L2 (ft) | 56.10-1982 04 EL.IN (ft) |  (ft)
1 1 1228952 | 2 9605.6 11413 | 6.56 | 43.06 6.56 585.34 8.2 5.81 2.03 3445 | -34.45
2 2 9570.28 3 1179511 | 103.76 | 16.4 | 43.06 3.28 208.5 17.06 3.15 2.03 -34.45 | -34.45
3 2 9570.28 3 1179511 | 105.92 | 18.04 | 43.06 3.28 208.5 10.5 3.38 2.03 3445 | -34.45
4 3 11795.11 4 16668.54 | 111.94 | 36.09 | 43.06 2.3 114.42 36.09 1.44 1.90 -34.45 | -34.45
5 3 11795.11 5 12077.63 | 118.08 | 3117 | 43.06 1.64 115.5 39.37 1.54 1.90 -34.45 | -34.45
6 6 12466.09 | 7 957028 | 11413 | 656 | 43.06 6.56 585.34 8.2 5.81 2.03 3445 | -34.45
7 7 9570.28 5 12077.63 | 10592 | 18.04 | 43.06 3.28 208.5 16.4 3.08 2.03 3445 | -34.45
8 7 9570.28 5 12077.63 | 103.76 | 18.04 | 43.06 3.28 208.5 13.12 3.18 2.03 -34.45 | -34.45
9 8 5332.52 4 16668.54 | 47135 | 3.28 | 43.06 6.56 354.35 8.2 5.48 2.46 3445 | -34.45
10 9 533252 | 10 | 18328.33 | 457.47 | 328 | 43.06 6.56 492.88 8.2 5.68 2.46 -34.45 | -34.45
11 10 1832833 | 5 12077.63 | 111.94 | 36.09 | 43.06 2.3 114.42 31.17 1.54 1.87 -34.45 | -34.45
12 10 1832833 | 4 16668.54 | 110.33 | 37.73 | 43.06 1.64 110.33 37.73 1.38 1.67 3445 | -34.45
13 | DELETED 0
14 12 6957 17 | 3.53E+09 | 53.82 | 63.98 | 53.82 328 | 1076380.24 | 328.08 0.79 2.82 101.71 | 101.71
15 13 6957 17 | 3.53E+09 | 53.82 | 63.98 | 53.82 3.28 | 1076380.24 | 328.08 0.79 2.82 101.71 | 101.71
16 14 6957 17 | 3.53E+09 | 53.82 | 63.98 | 53.82 328 | 1076380.24 | 328.08 0.79 2.82 101.71 | 101.71
17 15 6957 17 | 3.53E+09 | 53.82 | 63.98 | 53.82 3.28 | 1076380.24 | 328.08 0.79 2.82 101.71 | 101.71
18 3 1179511 | 12 6957 1031.83 | 6.56 | 53.82 3.28 53.82 63.98 0.79 2.82 -24.28 21
19 5 12077.63 | 14 6957 1603.07 | 6.56 | 53.82 | 3.28 53.82 63.98 0.79 2.82 -24.28 21
20 10 18328.33 | 15 6957 145754 | 6.56 | 53.82 | 3.28 53.82 63.98 0.79 2.82 -24.28 21
21 4 16668.54 | 13 6957 1056.26 | 6.56 | 53.82 | 3.28 53.82 63.98 0.79 2.82 -24.28 21
22 | DELETED 0
23 11 3319.58 | 18 | 16174.13 | 269.1 722 | 12443 | 3.28 11610.49 5.91 18.64 8.37 -6.56 -3.28
24 18 16174.13 | 19 | 1617413 | 24757 | 39.37 | 43.06 1.97 24757 39.37 2.76 1.71 0
25 19 16174.13 | 20 540315 | 261.24 | 2625 | 43.06 0.98 261.24 3.61 7.28 2.46 0
26 20 5403.15 5 12077.63 | 86.11 919 | 43.06 6.56 454.45 4.1 3.74 2.46 -34.45 | -34.45
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Table 6.2-12 Subcompartment Vent Path Designation (English Units) (Sheet 8 of 8)
Flow AJL per AJL per
Path CELL | VOLUME | CELL | VOLUME ANSI/ANS- | SMSAB-02- EL.OUT
No. FROM (ft3) TO (ft3) F1 (ft?) | L1 (ft) | FO (ft?) | Lp (ft) F2 (ft?) L2 (ft) | 56.10-1982 04 EL.IN (ft) |  (ft)
27 21 16174.13 | 20 540315 | 261.24 | 2625 | 43.06 0.98 261.24 3.28 7.35 2.46 0 0
28 21 16174.13 | 22 | 1617413 | 24757 | 39.37 | 43.06 1.97 24757 39.37 2.76 1.71 0 0
29 18 1617413 | 22 | 1617413 | 26124 | 2625 | 43.06 0.98 261.24 26.25 4.46 1.71 0 0
30 22 16174.13 | 23 430839 | 222167 | 10.83 | 43.06 6.56 385.35 4.1 5.97 2.66 0 0
31 23 430839 | 24 | 10241263 | 385.35 4.1 43.06 6.56 1151.74 12.63 5.74 2.66 0 0

FO — Path Area
F1 — Cross-Section Area of From Cell

F2 — Cross-Section Area of To Cell
P — Path Perimeter

Lp - Passage Length

L1 - Length of From Cell
L2 —Length of To Cell
DH - Hydraulic Diameter
T - Flow Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)
K FORW. — Direct Loss Pressure Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)

K REVER. — Inverse Loss Pressure Coefficient per Diagram 4-11 of Idel'Chik Handbook (Reference 6.2-12)
K AVERA. — (K FORW.+K REVER.)/2

K CONTAIN — K AVERA./2
Inertia Term — A/L per ANSI/ANS-56.10-1982 has been used in the pressurization analyses.

Water entrainment — Dropout is activated since volumetric power is less than 5 MW/m? (according to Subsection 4.2.1 of SMSAB-02-04, CONTAIN Code

Qualification Report/User Guide for Auditing Subcompartment Analysis Calculations).
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Table 6.2-12a Subcompartment Nodal Description(Sheet 1 of 2)
Postulated Initial Conditions
Break
(See Table Calculated
6.2-11 for Peak Relative
Cell Break Case Room | Net Volume Pressure Pressure | Temperature | Humidity
Figure | Number | Description) Description No. m3 (ft%) kPa G' (psig) | Pa (psia) °C (°F) (%)
6.2-18 1 CASE 1 RWCU /Shutdown Cooling 1151 348 29.37 1.013e5 43
CASE 3 Heat Exchanger Room A (12290) (4.26) (14.7) (109.4) 0
6.2-18 2 CASE 2 RWCU /Shutdown Cooling 1150 271 22.22 1.013e5 43
Valve Room A (9570) (3.22) (14.7) (109.4) 0
6.2-18 3 NO Corridor AEI. -11500 mm 1100 334 20.13 1.013e5 43
(11795) (2.93) (14.7) (109.4) 0
6.2-18 4 NO Corridor B El. -11500 mm 1101 472 19.48 1.013e5 43
(16667) (2.82) (14.7) (109.4) 0
6.2-18 5 NO Corridor D El. -11500 mm 1103 342 25.30 1.013e5 43
(12078) (3.67) (14.7) (109.4) 0
6.2-18 6 CASE 1 RWCU /Shutdown Cooling 1161 353 35.20 1.013e5 43
CASE 3 Heat Exchanger Room B (12466) (5.11) (14.7) (109.4) 0
6.2-18 7 CASE 2 RWCU /Shutdown Cooling 1160 271 27.61 1.013e5 43
Valve Room B (9570) (4) (14.7) (109.4) 0
6.2-18 8 CASE 4 RWCU /Shutdown Cooling 1152 151 19.03 1.013e5 43
Pump Room A (5333) (2.76) (14.7) (109.4) 0
6.2-18 9 CASE 4 RWCU /Shutdown Cooling 1162 151 18.92 1.013e5 43
Pump Room B (5333) (2.74) (14.7) (109.4) 0
6.2-18 10 NO Corridor C El. -11500 mm 1102 519 18.81 1.013e5 43
(18328) (2.73) (14.7) (109.4) 0
6.2-18 11 CASE 5 RWCU /Shutdown Cooling 1251 94 11.44 1.013e5 43
Filter/Demineralizer Vault A1 (3320) (1.66) (14.7) (109.4) 0
6.2-18 12 NO HELB Vent Chase A 197 19.80 1.013e5 43
(6957) (2.87) (14.7) (109.4) 0
6.2-18 13 NO HELB Vent Chase B 197 18.81 1.013e5 43
(6957) (2.73) (14.7) (109.4) 0
6.2-18 14 NO HELB Vent Chase D 197 22.0 1.013e5 43
(6957) (3.19) (14.7) (109.4) 0
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Table 6.2-12a

Subcompartment Nodal Description(Sheet 2 of 2)

Postulated Initial Conditions
Break
(See Table Calculated
6.2-11 for Peak Relative
Cell Break Case Room | Net Volume Pressure Pressure | Temperature | Humidity
Figure | Number | Description) Description No. m3 (ft5) kPa G' (psig) Pa (psia) °C (°F) (%)
6.2-18 15 NO HELB Vent Chase C 197 18.59 1.013e5 43
(6957) (2.70) (14.7) (109.4) 0
16 DELETED
6.2-18 17 NO Atmosphere | - 1.0E8 | = - 1.013e5 40
(3.5E9) (14.7) (104) 0
6.2-18 18 NO Filter/Demineralizer Access 1306 458 11.0 1.013e5 43
Room (16174) (1.60) (14.7) (109.4) 0
6.2-18 19 NO RWCU /Shutdown Cooling 1304 458 11.0 1.013e5 43
Heat Exchanger Access Room (16174) (1.60) (14.7) (109.4) 0
A
6.2-18 20 NO Interior Stairwell A 1195 153 11.22 1.013e5 43
(5403) (1.63) (14.7) (109.4) 0
6.2-18 21 NO RWCU /Shutdown Cooling 1305 458 N/A®) 1.013e5 43
Heat Exchanger Access Room (16174) (14.7) (109.4) 0
B
6.2-18 22 NO Control Rod Drive Pump 1307 458 11.0 1.013e5 43
Access Room (16174) (1.60) (14.7) (109.4) 0
6.2-18 23 NO Controlled Equipment 1308 122 11.0 1.013e5 43
Removal Access Room (4308) (1.60) (14.7) (109.4) 0
6.2-18 24 NO FUEL BUILDING | - 29000 10.23 1.013e5 43
(1024125) (1.48) (14.7) (109.4) 0
Notes
1. Includes a 10% margin
2. Not affected by HELB
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 1 of 8)

Surface | Thickness Ten{gﬁi%'ture
Cell Heat Sink Description Name | Type | Shape (m2) (m) Compound (°C)
1 1 Roof of 600 mm Roof1 Roof Slab 77.33 0.6 Concrete 43
2 M1 wall of 2000 mm (25°) S1-1 Wall Slab 37.31 1 Concrete 43
3 M2 wall of 2000 mm (47°) S2-1 Wall Slab 70.18 1 Concrete 43
4 M3 of 1400 mm S3-1 Wall Slab 18.90 1.4 Concrete 43
5 M4 of 1400 mm S4-1 Wall Slab 20.70 1.4 Concrete 43
6 M5 Containment of 1400 mm S5-1 Wall Slab 75.57 1.4 Concrete 43
7 Floors Cell 1 Floor1 Floor Slab 101.82 4 Concrete 43
2 1 Roof of 1000 mm Roof2 Roof Slab 77.74 1 Concrete 43
2 Wall of 1000 mm common with cell 3 S$1-2 Wall Slab 90.83 0.5 Concrete 43
3 Wall of 2.0 m common with V1 (arc of 26°) S2-2 Wall Slab 38.80 1 Concrete 43
4 Floors Cell 2 Floor2 Floor Slab 77.74 4 Concrete 43
3 1 Roof of 1000 mm Roof3 Roof Slab 95.87 1 Concrete 43
2 Wall of 2000 mm with outside S$1-3 Wall Slab 191.70 2 Concrete 43
3 Wall of 1000 mm common with cell 2 S2-3 Wall Slab 102.96 0.5 Concrete 43
4 Wall of 2.0 m common with V1 (arc of sum 39°) S3-3 Wall Slab 53.02 1 Concrete 43
5 Floors Cell 3 Floor3 Floor Slab 95.87 4 Concrete 43
4 1 Roof of 1000 mm Roof4 Roof Slab 121.16 1 Concrete 43
2 Wall of 2000 mm with outside S1-4 Wall Slab 74.70 2 Concrete 43
3 Wall of 2000 mm with fuel building S2-4 Wall Slab 86.10 2 Concrete 43
4 Wall of 2000 mm common with cell 8 S3-4 Wall Slab 27.19 1 Concrete 43
5 Wall of 2000 mm common with sump pumps S4-4 Wall Slab 33.99 2 Concrete 43
6 Wall of 750 mm common with valve room S5-4 Wall Slab 81.16 0.75 Concrete 43
7 Floors Cell 4 Floor4 Floor Slab 135.41 4 Concrete 43
5 1 Roof of 1000 mm Roof5 Roof Slab 83.64 1 Concrete 43
2 Wall of 2000 mm with outside S$1-5 Wall Slab 181.31 2 Concrete 43
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 2 of 8)

3 Wall of 1000 mm with cell 7 S2-5 Wall Slab 103.79 0.5 Concrete 43
Surfezlce Thickness Ten{',;ﬁir%'ture
Cell Heat Sink Description Name | Type | Shape | (m“) (m) Compound (°C)
4 Wall of 2000 mm common with cell 6 S3-5 Wall Slab 53.02 1 Concrete 43
5 Floors Cell 5 Floor5 Wall Slab 98.13 4 Concrete 43
6 1 Roof of 600 mm Roof6 Roof Slab 67.69 0.6 Concrete 43
2 M1 wall of 2000 mm (arc of 25°) S1-1 Wall Slab 107.44 1 Concrete 43
3 M2 wall of 900 mm S2-6 Wall Slab 18.90 0.9 Concrete 43
4 M3 of 1000 mm S3-6 Wall Slab 20.75 1 Concrete 43
5 M5 Containment of 1400 mm S4-6 Wall Slab 83.06 1.4 Concrete 43
6 Floors Cell 6 Floor6 Floor Slab 92.17 4 Concrete 43
7 1 Roof of 1000 mm Roof7 Roof Slab 77.74 1 Concrete 43
2 Wall of 1000 mm common with cell 5 S1-7 Wall Slab 90.83 0.5 Concrete 43
3 Wall of 2.0 m common with cell 2 (arc of 26°) S2-7 Wall Slab 38.80 1 Concrete 43
4 Floors Cell 7 Floor7 Floor Slab 77.74 4 Concrete 43
8 1 Roof of 1000 mm Roof8 Roof Slab 43.43 1 Concrete 43
2 Wall of 250 mm S1-8 Wall Slab 43.13 0.25 Concrete 43
3 Wall of 2.0 m common with V5 (arc of 20°) S2-8 Wall Slab 27.19 1 Concrete 43
4 Wall of 2000 mm with internal room (arc of 11°) S3-8 Wall Slab 14.95 2 Concrete 43
5 Containment of 600 mm S4-8 Wall Slab 34.38 0.6 Concrete 43
6 Floors Cell 8 Floor8 Floor Slab 43.43 4 Concrete 43
9 1 Roof of 1000 mm Roof9 Roof Slab 43.43 1 Concrete 43
2 Wall of 250 mm S1-9 Wall Slab 43.13 0.25 Concrete 43
3 Wall of 2.0 m common with cell 5 (arc of 20°) S2-9 Wall Slab 27.19 1 Concrete 43
4 Wall of 2000 mm with internal room (arc of 11°) S3-9 Wall Slab 14.95 2 Concrete 43
5 Containment Wall of 600 mm S4-9 Wall Slab 34.38 0.6 Concrete 43
6 Floors Cell 9 Floor9 Floor Slab 43.43 4 Concrete 43
10 1 Roof of 1000 mm Roof10 Roof Slab 148.93 1 Concrete 43
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Table 6.2-12c Heat Sink Descriptions (Sl Units) (Sheet 3 of 8)
2 Wall of 2000 mm with outside and stairs S1-10 Wall Slab 93.19 2 Concrete 43
Initial
Surface | Thickness Temperature
Cell Heat Sink Description Name | Type | Shape (m2) (m) Compound (°C)
3 Wall of 2000 mm with fuel building S2-10 Wall Slab 77.70 2 Concrete 43
4 Wall of 2000 mm common with cell 9/11 S3-10 Wall Slab 57.10 1 Concrete 43
5 Wall of 750 mm common with valve room S4-10 Wall Slab 82.44 0.75 Concrete 43
6 Floors Cell 10 Floor10 Floor Slab 148.93 4 Concrete 43
11 1 M1 wall of 2000 mm S1-11 Wall Slab 28.48 2 Concrete 43
2 M2 wall of 700 mm S2-11 Wall Slab 19.36 0.7 Concrete 43
3 M3 wall of 1500 mm S3-11 Wall Slab 21.51 1.5 Concrete 43
4 M4 of 1000 mm S4-11 Wall Slab 19.36 1 Concrete 43
5 Floors Cell 11 Floor11 Floor Slab 25.00 1 Concrete 43
12 1 Wall of 2000 mm with outside S1-16 Wall Slab 85.64 2 Concrete 43
2 Wall of 1500 mm with outside S2-16 Wall Slab 195.54 1.5 Concrete 43
3 Wall of 1000 mm with outside S3-16 Wall Slab 48.00 1 Concrete 43
13 1 Wall of 2000 mm with outside S$1-13 Wall Slab 85.64 2 Concrete 43
2 Wall of 1500 mm with outside S2-13 Wall Slab 195.54 1.5 Concrete 43
3 Wall of 1000 mm with outside S3-13 Wall Slab 48.00 1 Concrete 43
14 1 Wall of 2000 mm with outside S1-14 Wall Slab 85.64 2 Concrete 43
2 Wall of 1500 mm with outside S2-14 Wall Slab 195.54 1.5 Concrete 43
3 Wall of 1000 mm with outside S3-14 Wall Slab 48.00 1 Concrete 43
15 1 Wall of 2000 mm with outside S1-15 Wall Slab 85.64 2 Concrete 43
2 Wall of 1500 mm with outside S2-15 Wall Slab 195.54 1.5 Concrete 43
3 Wall of 1000 mm with outside S3-15 Wall Slab 48.00 1 Concrete 43
16 DELETED
17 No heat
sinks
18 1 Roof of 2000 mm Roof18 Roof Slab 147.76 2 Concrete 43
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 4 of 8)

2 Wall of 2000 mm S1-18 Wall Slab 95.54 2 Concrete 43
Initial
Surface | Thickness Temperature
Cell Heat Sink Description Name | Type | Shape (m2) (m) Compound (°C)
Wall of 600 mm S2-18 Wall Slab 68.31 0.6 Concrete 43
4 Floors Cell 18 Floor18 Floor Slab 147.76 0.6 Concrete 43
19 1 Roof of 2000 mm Roof19 Roof Slab 147.76 2 Concrete 43
2 Wall of 2000 mm S1-19 Wall Slab 95.54 2 Concrete 43
3 Wall of 600 mm S2-19 Wall Slab 68.31 0.6 Concrete 43
4 Floors Cell 19 Floor19 Floor Slab 147.76 0.6 Concrete 43
20 1 Roof of 2000 mm Roof20 Roof Slab 14.74 2 Concrete 43
2 Wall of 1400 mm S1-20 Wall Slab 114.24 0.7 Concrete 43
3 Wall of 300 mm S2-20 Wall Slab 48.91 0.15 Concrete 43
4 Wall of 2000 mm S3-20 Wall Slab 30.47 2 Concrete 43
5 Floors Cell 20 Floor20 Floor Slab 12.32 43 Concrete 43
21 1 Roof of 2000 mm Roof21 Roof Slab 147.76 2 Concrete 43
2 Wall of 2000 mm S1-21 Wall Slab 95.54 2 Concrete 43
3 Wall of 600 mm S2-21 Wall Slab 68.31 0.6 Concrete 43
4 Floors Cell 21 Floor21 Floor Slab 147.76 0.6 Concrete 43
22 1 Roof of 2000 mm Roof22 Roof Slab 147.76 2 Concrete 43
2 Wall of 2000 mm S1-22 Wall Slab 95.54 2 Concrete 43
3 Wall of 600 mm S2-22 Wall Slab 68.31 0.6 Concrete 43
4 Floors Cell 22 Floor22 Floor Slab 147.76 0.6 Concrete 43
23 1 Roof of 1000 mm Roof23 Roof Slab 30.92 1 Concrete 43
2 Wall of 2000 mm common with other rooms S1-23 Wall Slab 31.15 1 Concrete 43
3 Floors Cell 23 Floor23 Floor Slab 30.92 1 Concrete 43
24 No heat
sinks
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 5 of 8)

Cell Heat Sink Description Name Type Shape | Surface | Thickness | Compound Initial
(ﬁ2) (ft) Temperature

(°F)

1 1 Roof of 600 mm Roof1 Roof Slab 832.37 1.97 Concrete 109.4
2 M1 wall of 2000 mm (25°) S1-1 Wall Slab 401.6 3.28 Concrete 109.4

3 M2 wall of 2000 mm (47°) S2-1 Wall Slab 755.41 3.28 Concrete 109.4

4 M3 of 1400 mm S3-1 Wall Slab 203.44 4.59 Concrete 109.4

5 M4 of 1400 mm S4-1 Wall Slab 222.81 4.59 Concrete 109.4

6 M5 Containment of 1400 mm S5-1 Wall Slab 813.43 4.59 Concrete 109.4

7 Floors Cell 1 Floor1 Floor Slab 1095.98 13.12 Concrete 109.4

2 1 Roof of 1000 mm Roof2 Roof Slab 836.79 3.28 Concrete 109.4
2 Wall of 1000 mm common with cell 3 S1-2 Wall Slab 977.69 1.64 Concrete 109.4

3 Wall of 2.0 m common with V1 (arc of 26°) S2-2 Wall Slab 417.64 3.28 Concrete 109.4

4 Floors Cell 2 Floor2 Floor Slab 836.79 13.12 Concrete 109.4

3 1 Roof of 1000 mm Roof3 Roof Slab 1031.94 3.28 Concrete 109.4
2 Wall of 2000 mm with outside S1-3 Wall Slab 2063.44 6.56 Concrete 109.4

3 Wall of 1000 mm common with cell 2 S2-3 Wall Slab 1108.25 1.64 Concrete 109.4

4 Wall of 2.0 m common with V1 (arc of sum 39°) S3-3 Wall Slab 570.7 3.28 Concrete 109.4

5 Floors Cell 3 Floor3 Floor Slab 1031.94 13.12 Concrete 109.4

4 1 Roof of 1000 mm Roof4 Roof Slab 1304.16 3.28 Concrete 109.4
2 Wall of 2000 mm with outside S1-4 Wall Slab 804.06 6.56 Concrete 109.4

3 Wall of 2000 mm with fuel building S2-4 Wall Slab 926.77 6.56 Concrete 109.4

4 Wall of 2000 mm common with cell 8 S3-4 Wall Slab 292.67 3.28 Concrete 109.4

5 Wall of 2000 mm common with sump pumps S4-4 Wall Slab 365.87 6.56 Concrete 109.4

6 Wall of 750 mm common with valve room S5-4 Wall Slab 873.6 2.46 Concrete 109.4

7 Floors Cell 4 Floord Floor Slab 1457.54 13.12 Concrete 109.4

5 1 Roof of 1000 mm Roof5 Roof Slab 900.29 3.28 Concrete 109.4
2 Wall of 2000 mm with outside S1-5 Wall Slab 1951.6 6.56 Concrete 109.4
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 6 of 8)

Cell Heat Sink Description Name Type Shape | Surface | Thickness | Compound Initial
(ﬁ2) (ft) Temperature

(°F)

3 Wall of 1000 mm with cell 7 S2-5 Wall Slab 1117.19 1.64 Concrete 109.4

4 Wall of 2000 mm common with cell 6 S3-5 Wall Slab 570.7 3.28 Concrete 109.4

5 Floors Cell 5 Floor5 Wall Slab 1056.26 13.12 Concrete 109.4

6 1 Roof of 600 mm Roof6 Roof Slab 728.61 1.97 Concrete 109.4
2 M1 wall of 2000 mm (arc of 25°) S1-1 Wall Slab 1156.47 3.28 Concrete 109.4

3 M2 wall of 900 mm S2-6 Wall Slab 203.44 2.95 Concrete 109.4

4 M3 of 1000 mm S3-6 Wall Slab 223.35 3.28 Concrete 109.4

5 M5 Containment of 1400 mm S4-6 Wall Slab 894.05 4.59 Concrete 109.4

6 Floors Cell 6 Floor6 Floor Slab 992.11 13.12 Concrete 109.4

7 1 Roof of 1000 mm Roof7 Roof Slab 836.79 3.28 Concrete 109.4
2 Wall of 1000 mm common with cell 5 S1-7 Wall Slab 977.69 1.64 Concrete 109.4

3 Wall of 2.0 m common with cell 2 (arc of 26°) S2-7 Wall Slab 417.64 3.28 Concrete 109.4

4 Floors Cell 7 Floor7 Floor Slab 836.79 13.12 Concrete 109.4

8 1 Roof of 1000 mm Roof8 Roof Slab 467.48 3.28 Concrete 109.4
2 Wall of 250 mm S1-8 Wall Slab 464.25 0.82 Concrete 109.4

3 Wall of 2.0 m common with V5 (arc of 20°) S2-8 Wall Slab 292.67 3.28 Concrete 109.4

4 Wall of 2000 mm with internal room (arc of 11°) S3-8 Wall Slab 160.92 6.56 Concrete 109.4

5 Containment of 600 mm S4-8 Wall Slab 370.06 1.97 Concrete 109.4

6 Floors Cell 8 Floor8 Floor Slab 467.48 13.12 Concrete 109.4

9 1 Roof of 1000 mm Roof9 Roof Slab 467.48 3.28 Concrete 109.4
2 Wall of 250 mm S1-9 Wall Slab 464.25 0.82 Concrete 109.4

3 Wall of 2.0 m common with cell 5 (arc of 20°) S2-9 Wall Slab 292.67 3.28 Concrete 109.4

4 Wall of 2000 mm with internal room (arc of 11°) S3-9 Wall Slab 160.92 6.56 Concrete 109.4

5 Containment Wall of 600 mm S4-9 Wall Slab 370.06 1.97 Concrete 109.4

6 Floors Cell 9 Floor9 Floor Slab 467.48 13.12 Concrete 109.4
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 7 of 8)

Cell Heat Sink Description Name Type Shape | Surface | Thickness | Compound Initial
(ﬁ2) (ft) Temperature
(°F)

10 1 Roof of 1000 mm Roof10 Roof Slab 1603.07 3.28 Concrete 109.4
2 Wall of 2000 mm with outside and stairs S1-10 Wall Slab 1003.09 6.56 Concrete 109.4
3 Wall of 2000 mm with fuel building S2-10 Wall Slab 836.36 6.56 Concrete 109.4
4 Wall of 2000 mm common with cell 9/11 S3-10 Wall Slab 614.62 3.28 Concrete 109.4
5 Wall of 750 mm common with valve room S4-10 Wall Slab 887.38 2.46 Concrete 109.4
6 Floors Cell 10 Floor10 Floor Slab 1603.07 13.12 Concrete 109.4

11 1 M1 wall of 2000 mm S1-11 Wall Slab 306.56 6.56 Concrete 109.4
2 M2 wall of 700 mm S2-11 Wall Slab 208.39 23 Concrete 109.4
3 M3 wall of 1500 mm S3-11 Wall Slab 231.53 4.92 Concrete 109.4
4 M4 of 1000 mm S4-11 Wall Slab 208.39 3.28 Concrete 109.4
5 Floors Cell 11 Floor11 Floor Slab 269.1 3.28 Concrete 109.4

12 1 Wall of 2000 mm with outside S1-16 Wall Slab 921.82 6.56 Concrete 109.4
2 Wall of 1500 mm with outside S2-16 Wall Slab 2104.77 4.92 Concrete 109.4
3 Wall of 1000 mm with outside S3-16 Wall Slab 516.67 3.28 Concrete 109.4

13 1 Wall of 2000 mm with outside S1-13 Wall Slab 921.82 6.56 Concrete 109.4
2 Wall of 1500 mm with outside S2-13 Wall Slab 2104.77 4.92 Concrete 109.4
3 Wall of 1000 mm with outside S3-13 Wall Slab 516.67 3.28 Concrete 109.4

14 1 Wall of 2000 mm with outside S1-14 Wall Slab 921.82 6.56 Concrete 109.4
2 Wall of 1500 mm with outside S2-14 Wall Slab 2104.77 4.92 Concrete 109.4
3 Wall of 1000 mm with outside S3-14 Wall Slab 516.67 3.28 Concrete 109.4

15 1 Wall of 2000 mm with outside S1-15 Wall Slab 921.82 6.56 Concrete 109.4
2 Wall of 1500 mm with outside S2-15 Wall Slab 2104.77 4.92 Concrete 109.4
3 Wall of 1000 mm with outside S3-15 Wall Slab 516.67 3.28 Concrete 109.4

16 DELETED

17 No heat

sinks
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Table 6.2-12¢c

Heat Sink Descriptions (Sl Units) (Sheet 8 of 8)

Cell Heat Sink Description Name Type Shape | Surface | Thickness | Compound Initial
(ftZ) (ft) Temperature
(°F)
18 1 Roof of 2000 mm Roof18 Roof Slab 1590.48 6.56 Concrete 109.4
2 Wall of 2000 mm S1-18 Wall Slab 1028.38 6.56 Concrete 109.4
3 Wall of 600 mm S2-18 Wall Slab 735.28 1.97 Concrete 109.4
4 Floors Cell 18 Floor18 Floor Slab 1590.48 1.97 Concrete 109.4
19 1 Roof of 2000 mm Roof19 Roof Slab 1590.48 6.56 Concrete 109.4
2 Wall of 2000 mm S1-19 Wall Slab 1028.38 6.56 Concrete 109.4
3 Wall of 600 mm S2-19 Wall Slab 735.28 1.97 Concrete 109.4
4 Floors Cell 19 Floor19 Floor Slab 1590.48 1.97 Concrete 109.4
20 1 Roof of 2000 mm Roof20 Roof Slab 158.66 6.56 Concrete 109.4
2 Wall of 1400 mm S1-20 Wall Slab 1229.67 23 Concrete 109.4
3 Wall of 300 mm S2-20 Wall Slab 526.46 0.49 Concrete 109.4
4 Wall of 2000 mm S3-20 Wall Slab 327.98 6.56 Concrete 109.4
5 Floors Cell 20 Floor20 Floor Slab 132.61 14.11 Concrete 109.4
21 1 Roof of 2000 mm Roof21 Roof Slab 1590.48 6.56 Concrete 109.4
2 Wall of 2000 mm S1-21 Wall Slab 1028.38 6.56 Concrete 109.4
3 Wall of 600 mm S2-21 Wall Slab 735.28 1.97 Concrete 109.4
4 Floors Cell 21 Floor21 Floor Slab 1590.48 1.97 Concrete 109.4
22 1 Roof of 2000 mm Roof22 Roof Slab 1590.48 6.56 Concrete 109.4
2 Wall of 2000 mm S1-22 Wall Slab 1028.38 6.56 Concrete 109.4
3 Wall of 600 mm S2-22 Wall Slab 735.28 1.97 Concrete 109.4
4 Floors Cell 22 Floor22 Floor Slab 1590.48 1.97 Concrete 109.4
23 1 Roof of 1000 mm Roof23 Roof Slab 332.82 3.28 Concrete 109.4
2 Wall of 2000 mm common with other rooms S$1-23 Wall Slab 335.3 3.28 Concrete 109.4
3 Floors Cell 23 Floor23 Floor Slab 332.82 3.28 Concrete 109.4
24 No heat
sinks
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Table 6.2-12d RPV Sensible Heat Data

Mass, Cp Jikg-K TRACG Vessel Location (See
Item kg (Ib) (Btu/lbm-°F) Figures 6.2-6, 6.2-7)
Bottom Head 122016 (268999) 515 (0.123) L1,R1,2,3,4
Cylinder 823810 (1816190) 515 (0.123) L2:L20, R4
Top Head 142473 (314099) 515 (0.123) L21,R1,2, 3,4
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Table 6.2-13 Reactor Coolant Pressure Boundary Influent Lines Penetrating
Drywell
Inside Outside
Influent Line Drywell Drywell
1 | Feedwater cv (1) POV
(1) POV
2 |IC Condensate (1) NMOV or equivalent None. (Closed loop outside
(1) NQOV or equivalent containment)
3 | Standby liquid control CV or equivalent (1) CV or equivalent
(2) Squib (parallel)
4 |IC Purge Line (1 Ccv None. (Closed loop outside
(1) NQV or equivalent containment)
cv = Check valve or equivalent process flow isolated valve.
POV = Power-operated valve.

NOV = Nitrogen-operated valve.
Squib = Squib-activated valve, normally closed with solid metal isolation barrier.
NMOV = Nitrogen motor operated valve or equivalent with fail as-is actuator.
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Table 6.2-14 Reactor Coolant Pressure Boundary Effluent Lines Penetrating
Drywell
Inside Outside
Effluent Line Drywell Drywell
1 Main steam NOV or equivalent AQV or equivalent

2 IC steam supply

(1) NOV or equivalent
(1) NMOV or equivalent

None. (Closed loop outside
containment)

3 RWCU/SDC system NOQV or equivalent AQV or equivalent
AQV = Air-operated valve or equivalent with fail-closed actuator.
NOV = Nitrogen-operated valve or equivalent with fail-closed actuator.

NMOV = Nitrogen motor operated valve or equivalent with fail as-is actuator.
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Table 6.2-15 Legend for Tables 6.2-16 through 6.2-45
(a) Termination Region of the leakage through packing/stem only for outboard valves:

a, = Reactor Building

a, = Main Steam Tunnel

(b) Termination Region outside containment of the leakage past seat:

by = Pool open to reactor building

by = External environment

b3 = Main Condenser

by = Isolation Condenser pool

bg = Reactor building

bg = Closed loop outside containment
b, = Radwaste System

bg = Feedwater System

(c) (Deleted)

(d) Isolation Signal Codes:

B Reactor vessel low water level - Level 2

C Reactor vessel low water level - Level 1

D Main steamline high flow rate

E Turbine inlet low pressure

F Main steamline tunnel high ambient temperature
G Turbine area steamline high ambient temperature
H High DW pressure

IC/PCCS pool high radiation

IC lines high flow

Low main condenser vacuum

High differential mass flow in the RWCU/SDC train
Standby Liquid Control System operating

Remote manual

Process actuated

Local manual (By Hand)

High HVAC radiation exhaust from refueling area or from Reactor Building.
Feedwater lines differential pressure high
Containment water level high

Reactor vessel low-low water level — Level 0.5

<X s CcHx3mp UV zZz=ZT X

DW pressure High-High

(e) (Deleted)
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Table 6.2-16

System Main Steam Line Al

Containment Isolation Valve Information for the Nuclear Boiler

Penetration Identification

B21-MPEN-0001

Valve No. FOO1A F002A F016A

Applicable Basis GDC 55 GDC 55 GDC 55

Figure 5.1-2 5.1-2 5.1-2

ESF No No No

Fluid Steam Steam Steam/Water

Line Size' 750 mm (30 in) 750 mm (30 in) 50 mm (2 in)

Type C Leakage Test Yes Yes Yes

(Deleted)

Leakage Through Packing(a) N/A ap ap

Leakage Past Seat(®) bs bs bs

Location Inboard Outboard Outboard

(Deleted)

(Deleted)

Normal Position Open Open Open

Shutdown Position Closed Closed Open

Post-Accident Position Closed Closed Open/Closed

Power Fail Position Closed Closed Closed

Containment Isolation Signal(@) B,C,D,EF,G,L B,C,.D,EFG,L B,C,.D,EFG,L

Primary Actuation Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote
manual manual manual

Closure Time (sec) 3.0-5.0 3.0-5.0 15

Power Source Div. 1, 3 Div. 2, 4 Div. 1,2, 3

Notes:

1. Nominal pipe size diameter

2. For explanation of codes, see legend in Table 6.2-15. See Table 3.9-8 for valve and actuator

types
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Table 6.2-17 Containment Isolation Valve Information for the Nuclear Boiler
System Main Steam Line B(2)
Penetration Identification B21-MPEN-0002
Valve No. F001B F002B F016B
Applicable Basis GDC 55 GDC 55 GDC 55
Figure 5.1-2 5.1-2 5.1-2
ESF No No No
Fluid Steam Steam Steam/Water
Line Size' 750 mm (30 in) 750 mm (30 in) 50 mm (2 in)
Type C Leakage Test Yes Yes Yes
(Deleted)
Leakage Through Packing(a) N/A ap ap
Leakage Past Seat(®) bs bs bs
Location Inboard Outboard Outboard
(Deleted)
(Deleted)
Normal Position Open Open Open
Shutdown Position Closed Closed Open
Post-Accident Position Closed Closed Open/Closed
Power Fail Position Closed Closed Closed
Containment Isolation Signal(@) B,C,.D,EFG,L B,C,D,E, FG,L B,C,D,EFG.L
Primary Actuation Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote
manual manual manual
Closure Time (sec) 3.0-5.0 3.0-5.0 15
Power Source Div. 1, 3 Div. 2, 4 Div. 1,2, 3

Notes:

1. Nominal pipe size diameter

2. For explanation of codes, see legend in Table 6.2-15. See Table 3.9-8 for valve and actuator

types.
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Table 6.2-18

System Main Steam Line C(2)

Containment Isolation Valve Information for the Nuclear Boiler

Penetration Identification

B21-MPEN-0003

Valve No. Fo01C F002C F016C

Applicable Basis GDC 55 GDC 55 GDC 55

Figure 5.1-2 5.1-2 5.1-2

ESF No No No

Fluid Steam Steam Steam/Water

Line Size' 750 mm (30 in) 750 mm (30 in) 50 mm (2 in)

Type C Leakage Test Yes Yes Yes

(Deleted)

Leakage Through Packing(a) N/A ap ap

Leakage Past Seat(®) bs bs bs

Location Inboard Outboard Outboard

(Deleted)

(Deleted)

Normal Position Open Open Open

Shutdown Position Closed Closed Open

Post-Accident Position Closed Closed Open/Closed

Power Fail Position Closed Closed Closed

Containment Isolation Signal(@) B,C,D,EF,G,L B,C,.D,EFG,L B,C,D,EF,G,L

Primary Actuation Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote
manual manual manual

Closure Time (sec) 3.0-5.0 3.0-5.0 15

Power Source Div. 1, 3 Div. 2, 4 Div. 1,2, 3

Notes:

1. Nominal pipe size diameter

2. For explanation of codes, see legend in Table 6.2-15. See Table 3.9-8 for valve and actuator

types.
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Table 6.2-19

System Main Steam Line D(2)

Containment Isolation Valve Information for the Nuclear Boiler

Penetration Identification

B21-MPEN-0004

Valve No. F001D F002D F016D

Applicable Basis GDC 55 GDC 55 GDC 55

Figure 5.1-2 5.1-2 5.1-2

ESF No No No

Fluid Steam Steam Steam/Water

Line Size' 750 mm (30 in) 750 mm (30 in) 50 mm (2 in)

Type C Leakage Test Yes Yes Yes

(Deleted)

Leakage Through Packing(a) N/A ap ap

Leakage Past Seat(®) bs bs bs

Location Inboard Outboard Outboard

(Deleted)

(Deleted)

Normal Position Open Open Open

Shutdown Position Closed Closed Open

Post-Accident Position Closed Closed Open/Closed

Power Fail Position Closed Closed Closed

Containment Isolation Signal(@) B,C,D,EF,G,L B,C,.D,EFG,L B,C,D,EF,G,L

Primary Actuation Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote
manual manual manual

Closure Time (sec) 3.0-5.0 3.0-5.0 15

Power Source Div. 1, 3 Div. 2, 4 Div. 1,2, 3

Notes:

1. Nominal pipe size diameter

2. For explanation of codes, see legend in Table 6.2-15. See Table 3.9-8 for valve and actuator

types.
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Table 6.2-20

System Main Steam Line Drains(2)

Containment Isolation Valve Information for the Nuclear Boiler

Penetration Identification

B21-MPEN-0005

Valve No. F010 FO11

Applicable Basis GDC 55 GDC 55

Figure 5.1-2 5.1-2

ESF No No

Fluid Steam/water Steam/water

Line Size' 80 mm (3 in) 80 mm (3 in)

Type C Leakage Test Yes Yes

(Deleted)

Leakage Through Packing(a) N/A ap

Leakage Past Seat(®) bs bs

Location Inboard Outboard

(Deleted)

(Deleted)

Normal Position Open Open

Shutdown Position Open Open

Post-Accident Position Closed Closed

Power Fail Position Closed Closed

Containment Isolation Signal(@ B,C,D,E,F,G,L B,C,D,E,F,G,L

Primary Actuation Automatic Automatic

Secondary Actuation Remote Remote
manual manual

Closure Time (sec) 15 15

Power Source Div. 2, 4 Div. 1, 3

Notes:

1. Nominal pipe size diameter
2. For explanation of codes, see legend in Table 6.2-15. See Table 3.9-8 for valve and

actuator types.
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Containment Isolation Valve Information for the Nuclear Boiler System Feedwater Line AB)

Penetration Identification

B21-MPEN-0006

Valve No. F102A F100A F101A F111A
Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55
Figure 5.1-2 5.1-2 5.1-2 5.1-2

ESF No No No No

Fluid Water Water Water Water

Line Size@ 550 mm (22 in) 550 mm (22 in) 550 mm (22 in) 300 mm (12 in)
Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(® N/A ap ap ap

Leakage Past Seat(®) bg bg bg bs

Location Inboard Outboard Outboard Outboard
(Deleted)

(Deleted)

Normal Position Open Open Open Open
Shutdown Position Open/Closed Closed Closed Open/Closed
Post-Accident Position Open/Closed Closed Closed Open/Closed
Power Fail Position N/A Closed Closed Closed
Containment Isolation Signal(@ Q U+H, W+HD, X, YD {u+H, w+HD, X, YD [Q

Primary Actuation

Flow to open/close

Auto-closed

Auto-closed

Flow to open/close

Secondary Actuation N/A Remote manual Remote manual N/A
Closure Time (sec) N/A N/A on reverse-flow, N/A on reverse-flow, N/A
<15 secon <15 secon
auto-isolation auto-isolation
Power Source N/A Div. 1, 3 Div. 2, 4 N/A
Notes:
1. Isolates coolant in-flow to containment
2. Nominal pipe size diameter
3. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
Fermi 3 6-143 Revision 0
Updated Final Safety Analysis Report October 2015



Table 6.2-22

Penetration Identification

B21-MPEN-0007

Valve No. F102B F100B F101B F111B
Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55

Figure 5.1-2 5.1-2 5.1-2 5.1-2

ESF No No No No

Fluid Water Water Water Water

Line Size®@ 550 mm (22 in) 550 mm (22 in) 550 mm (22 in) 300 mm (12 in)
Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing@ N/A a, a, as

Leakage Past Seat(®) bg bg bg bs

Location Inboard Outboard Outboard Outboard
(Deleted)

(Deleted)

Normal Position Open Open Open Open
Shutdown Position Open/Closed Closed Closed Open/Closed
Post-Accident Position Open/Closed Open/Closed Open/Closed Open/Closed
Power Fail Position N/A Closed Closed Closed
Containment Isolation Signal(@ Q U+H, w+HM, x, Yy U+H, W+HM, X y() Q

Primary Actuation

Flow to open/close

Auto-closed

Auto-closed

Flow to open/close

Containment Isolation Valve Information for the Nuclear Boiler System Feedwater Line B (3)

Secondary Actuation N/A Remote manual Remote manual N/A
Closure Time (sec) N/A N/A on reverse flow, N/A on reverse flow, N/A
<15secon <15secon
auto-isolation auto-isolation
Power Source N/A Div. 1, 3 Div. 2, 4 N/A
Notes:
1 Isolates coolant in-flow to containment
2. Nominal pipe size diameter
3. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-23

Condenser System Loop A

Containment Isolation Valve Information for the Isolation

Penetration Identification

B32-MPEN-0001(?

B32-MPEN-0005(?

Valve Number FO01A F002A FO03A FO004A
Valve Location Steam Supply Steam Supply Condensate Condensate
Return Return

Applicable Basis Gbc 55" Gbce 55" Gbc 55" Gbc 55"

Figure 5.1-3 5.1-3 5.1-3 5.1-3

ESF Yes Yes Yes Yes

Fluid Steam Steam Condensate Condensate

Line Size(® 350mm (14 in) | 350mm (14 in) 200mm (8 in) 200mm (8 in)

Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(@ N/A N/A N/A N/A

Leakage Past Seat(®) b6(3) b6(3) b6(3) b6(3)

Location Inboard Inboard Inboard Inboard

(Deleted)

(Deleted)

Normal Position Open Open Open Open

Shutdown Position Open Open Open Open

Post-Accident Position Open® Open® Open® Open®

Power Fail Position As is As is As is As is

Containment Isolation Signal(d) I,K I,K I,K I,K

Primary Actuation Automatic Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote Remote
manual manual manual manual

Closure Time (sec) <60 <60 <35 <35

Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 Div. 1, 3

Notes:

1. With respect to meeting the requirements of US NRC 10 CFR 50, Appendix A, General Design
Criterion 55, the closed loop safety-related IC loop outside the containment is a "passive" substitute
for an open "active" valve outside the containment. The combination of an already closed loop
outside the containment plus the two series automatic isolation valves inside the containment

comply with the requirement of the isolation guidelines of 10 CFR 50, App.A, Criteria 55 and 56.

Two in series valves

o o A w0

Except on IC pipe or tube failure
Nominal pipe size diameter
For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.

Closed barrier outside containment (IC piping outside containment is Quality Group B)
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Table 6.2-24

Containment Isolation Valve Information for the Isolation Condenser System Loop A(G)(Sheet 1 of 2)

Penetration Identification

B32-MPEN-0009(2)

B32-MPEN-0009(3)

B32-MPEN-0001(2)

Valve Number FO07A FOO8A (Deleted (Deleted) FO11A FO12A FO13A FO14A
Valve Location Upper Header | Upper Header Lower Header |Lower Header |Purge line Excess
Vent Vent Bypass Vent Bypass Vent Flow Purge
Applicable Basis Gbc 551 Gbc 551 GDc 55(1) Gbc 551 GDc 55(1) GDbc 551
Figure 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3
ESF Yes Yes Yes Yes Yes Yes
Fluid Cond/Steam | Cond/Steam Cond/Steam Cond/steam Cond/Steam |Cond/Stea
/Non Cond /Non Cond /Non Cond /Non Cond /Non Cond m
Gases Gases Gases Gases Gases /Non Cond
Gases
Line Size(® 20mm 20mm 20mm 20mm 20mm 20mm
(0.75in) (0.75in) (0.75in) (0.75in) (0.75in) (0.75in)
Type C Leakage Test Yes Yes Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(® N/A N/A N/A N/A N/A N/A
Leakage Past Seat(") b6(4) b6(4) b6(4) b6(4) b6(4) b6(4)
Location Inboard Inboard Inboard Inboard Inboard Inboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed Open Open
Shutdown Position Closed Closed Closed Closed Open Open
Post-Accident Position Closed Closed Open/Closed Open/Closed Open/Close | Open
Power Fail Position Closed Closed N/A Open Closed N/A
Containment Isolation Signal(® P P Q P I, K Q
Primary Actuation Remote Remote Pressure Remote Automatic Diff
manual manual manual Pressure
Secondary Actuation N/A N/A N/A N/A Remote N/A
Manual
Closure Time (sec) <15 <15 <15 <15 <15 <15
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Table 6.2-24

Containment Isolation Valve Information for the Isolation Condenser System Loop A(®)(Sheet 2 of 2)

Penetration Identification

B32-MPEN-0009(?)

B32-MPEN-0009(3)

B32-MPEN-0001(?

Valve Number FOO7A FOO8A (Deleted (Deleted) FO11A FO12A FO13A FO14A

Power Source Div. 1 Div. 1 N/A Div. 1 Div. 1,2, 3 N/A

Notes:

1. The piping and valve arrangement for these lines meet the requirement of 10 CFR 50, App. A, GDC 55 because there are two normally closed
valves in series in the line that leads from the suppression chamber back to the closed IC loop outside the containment.

2. Two in-series valves

3. Two in series valves (FO11/F012)

4. Closed barrier outside containment

5. Nominal pipe size diameter

6. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-25 Containment Isolation Valve Information for the Isolation Condenser System Loop B (6)
Penetration Identification B32-MPEN-0002(2) B32-MPEN-0006(?)
Valve Number F001B F002B F003B F004B
Valve Location Steam Supply Steam Supply Condensate Return | Condensate
Return

Applicable Basis Gbc 55" Gbc 55" Gbce 551 Gbc 551
Figure 5.1-3 5.1-3 5.1-3 5.1-3
ESF Yes Yes Yes Yes
Fluid Steam Steam Condensate Condensate
Line Size(® 350mm (14 in) 350mm (14 in) 200mm (8 in) 200mm (8 in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(@ N/A N/A N/A N/A
Leakage Past Seat(®) b6(3) b6(3) b6(3) b6(3)
Location Inboard Inboard Inboard Inboard
(Deleted)
(Deleted)
Normal Position Open Open Open Open
Shutdown Position Open Open Open Open
Post-Accident Position Open® Open® Open® Open®
Power Fail Position As is As is As is As is
Containment Isolation Signal(d) I, K I, K I, K I, K
Primary Actuation Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote Remote

manual manual manual manual
Closure Time (sec) <60 <60 <35 <35
Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 Div. 1, 3
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Table 6.2-25 Containment Isolation Valve Information for the Isolation Condenser System Loop B (6)
Notes:

1. With respect to meeting the requirements of US NRC 10 CFR 50, Appendix A, General Design Criteria
55, the closed loop safety-related IC loop outside the containment is a "passive" substitute for an open
"active" valve outside the containment. The combination of an already closed loop outside the
containment plus the two series automatic isolation valves inside the containment comply with the
requirements of the isolation guidelines of 10 CFR 50, App. A, Criteria 55 and 56.

2 Two in series valves

3. Closed barrier outside containment (IC piping outside containment is Quality Group B Design)

4 Except on IC pipe or tube failure

5. Nominal pipe size diameter

6. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-26 Containment Isolation Valve Information for the Isolation Condenser System Loop B(G)(Sheet 1 of 2)
Penetration Identification B32-MPEN-0010?) B32-MPEN-00100) B32-MPEN-0002(2)
Valve Number F007B F008B (deleted) (Deleted) F011B F012B F013B F014B
Valve Location Upper Header | Upper Header Lower Header |Lower Header |Purge line Excess Flow
Vent Vent Bypass Vent Bypass Vent Purge
Applicable Basis Gbc 55" Gbc 55" Gbc 55" Gbce 55" Gbce 55" Gbc 55"
Figure 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3
ESF Yes Yes Yes Yes Yes Yes
Fluid Cond/Steam | Cond/Steam Cond/Steam | Cond/steam Cond/Steam | Cond/Steam
/Non Cond /Non Cond /Non Cond /Non Cond /Non Cond /Non Cond
Gases Gases Gases Gases Gases Gases
Line Size(® 20mm 20mm 20mm 20mm 20mm 20mm
(0.75in) (0.75in) (0.75in) (0.75in) (0.75in) (0.75in)
Type C Leakage Test Yes Yes Yes Yes Yes Yes
(Deleted)
Leakage Through N/A N/A N/A N/A N/A N/A
Packing(®
Leakage Past Seat(®) bg*) b b b b be)
Location Inboard Inboard Inboard Inboard Inboard Inboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed Open Open
Shutdown Position Closed Closed Closed Closed Open Open
Post-Accident Position Closed Closed Open/Closed | Open/Closed Open/Close Open
Power Fail Position Closed Closed N/A Open Closed N/A
Containment Isolation Signal(d) P P Q P I, K Q
Primary Actuation Remote Remote Pressure Remote Automatic Diff Pressure
manual manual manual
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Table 6.2-26

Containment Isolation Valve Information for the Isolation Condenser System Loop B{®)(Sheet 2 of 2)

Penetration Identification

B32-MPEN-00102)

B32-MPEN-00100)

B32-MPEN-0002(2)

Valve Number F007B F008B (deleted) (Deleted) F011B F012B F013B F014B
Secondary Actuation N/A N/A N/A N/A Remote N/A
Manual

Closure Time (sec) <15 <15 <15 <15 <15 <15

Power Source Div. 2 Div. 2 N/A Div. 2 Div. 2, 3,4 N/A

Notes:

1. The piping and valve arrangement for these lines meet the requirements of 10 CFR 50, App. A, GDC 55 because there are two normally

closed valves in series in the line that leads from the suppression chamber back to the closed IC loop outside the containment.

2 Two in series valves

3. Two in series valves (FO11/F012)

4. Closed barrier outside containment (IC piping outside containment is Quality Group B Design)

5. Nominal pipe size diameter

6. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-27

Condenser System Loop C

Containment Isolation Valve Information for the Isolation

Penetration Identification B32-MPEN-0003?) B32-MPEN-0007(2)
Valve Number F001C F002C F003C F004C
Valve Location Steam Supply Steam Supply Condensate Condensate
Return Return

Applicable Basis Gbce 55 Gbc 551 Gbce 55" Gbc 550

Figure 5.1-3 5.1-3 5.1-3 5.1-3

ESF Yes Yes Yes Yes

Fluid Steam Steam Condensate Condensate

Line Size(® 350 mm (14in)  [350 mm (14in)  |200 mm (8in)  |200 mm (8 in)

Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(@ N/A N/A N/A N/A

Leakage Past Seat(®) b6(3) b6(3) b6(3) b6(3)

Location Inboard Inboard Inboard Inboard

(Deleted)

(Deleted)

Normal Position Open Open Open Open

Shutdown Position Open Open Open Open

Post-Accident Position Open® Open® Open® Open®

Power Fail Position As is As is As is As is

Containment Isolation Signal(d) I,K I,K I,K I,K

Primary Actuation Automatic Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote Remote

manual manual manual manual

Closure Time (sec) <60 <60 <35 <35

Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 Div. 1, 3

Notes:

1. With respect to meeting the requirements of US NRC 10 CFR 50, Appendix A, General Design Criteria 55,
the closed loop safety-related IC loop outside the containment is a "passive" substitute for an open "active"
valve outside the containment. The combination of an already closed loop outside the containment plus the
two series automatic isolation valves inside the containment comply with the intent of the isolation guidelines
of 10 CFR 50, App.A, Criteria 55 and 56.

2 Two in series valves

8. Closed barrier outside containment (IC piping outside containment is Quality Group B)

4. Except on IC pipe or tube failure

5 Nominal pipe size diameter

6.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-28 Containment Isolation Valve Information for the Isolation Condenser System Loop C(®) (Sheet 1 of 2)
Penetration Identification B32-MPEN-0011(2) B32-MPEN-0011®) B32-MPEN-0003(2)
Valve Number F007C F008C (Deleted)09 | (Deleted)10 F011C F012C F013C Fo14C
Valve Location Upper Header | Upper Header Lower Header | Lower Header | Purge line Excess Flow
Vent Vent Bypass Vent |Bypass Vent Purge
Applicable Basis Gbc 551 Gbce 55" Gbce 551 Gbc 55 Gbc 55" Gbce 551
Figure 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3
ESF Yes Yes Yes Yes Yes Yes
Fluid Cond/Steam | Cond/Steam Cond/Steam |Cond/steam |Cond/Steam |Cond/Steam
/Non Cond /Non Cond /Non Cond /Non Cond /Non Cond /Non Cond
Gases Gases Gases Gases Gases Gases
Line Size(® 20mm 20mm 20mm 20mm 20mm 20mm
(0.75in) (0.75in) (0.75in) (0.75in) (0.75in) (0.75in)
Type C Leakage Test Yes Yes Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(® N/A N/A N/A N/A N/A N/A
Leakage Past Seat(®) b6(4) b6(4) b6(4) b6(4) b6(4) b6(4)
Location Inboard Inboard Inboard Inboard Inboard Inboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed Open Open
Shutdown Position Closed Closed Closed Closed Open Open
Post-Accident Position Closed Closed Open/Closed | Open/Closed |Open/Close Open
Power Fail Position Closed Closed N/A Open Closed N/A
Containment Isolation Signal(d) P P Q P I, K Q
Primary Actuation Remote Remote Pressure Remote Automatic Diff Pressure
manual manual manual
Secondary Actuation N/A N/A N/A N/A Remote N/A
Manual
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Table 6.2-28

Containment Isolation Valve Information for the Isolation Condenser System Loop C(®) (Sheet 2 of 2)

Penetration Identification

B32-MPEN-0011(?

B32-MPEN-00110)

B32-MPEN-0003(?

Valve Number F007C F008C (Deleted)09 | (Deleted)10 F011C F012C F013C F014C
Closure Time (sec) <15 <15 <15 <15 <15
Power Source Div. 3 Div. 3 N/A Div. 3 Div. 3, 4,1
Notes:
1. The piping and valve arrangement for these lines meet the requirements of 10 CFR 50, App. A, GDC 55 because there are two normally
closed valves in series in the line that leads from the suppression chamber back to the closed IC loop outside the containment.
2 Two in series valves
3. Two in series valves (FO11/F012)
4. Closed barrier outside containment (IC piping outside containment is Quality Group B)
5 Nominal pipe size diameter
6. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-29 Containment Isolation Valve Information for the Isolation Condenser System Loop D(6)
Penetration Identification B32-MPEN-0004(?) B32-MPEN-0008(?)
Valve Number F001D F002D FO003D F004D
Valve Location Steam Supply Steam Supply Condensate Condensate
Return Return
Applicable Basis Gbc 55 Gbc 55" Gbc 550 Gbc 55"
Figure 5.1-3 5.1-3 5.1-3 5.1-3
ESF Yes Yes Yes Yes
Fluid Steam Steam Condensate Condensate
Line Size(® 350 mm (14in)  |350 mm (14in) (200 mm (8in)  |200 mm (8 in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(@ N/A N/A N/A N/A
Leakage Past Seat(®) b6(3) b6(3) b6(3) b6(3)
Location Inboard Inboard Inboard Inboard
(Deleted)
(Deleted)
Normal Position Open Open Open Open
Shutdown Position Open Open Open Open
Post-Accident Position Open® Open® Open® Open®
Power Fail Position As is As is As is As is
Containment Isolation Signal(d) I, K I, K I, K I, K
Primary Actuation Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote Remote
manual manual manual manual
Closure Time (sec) <60 <60 <35 <35
Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 Div. 1, 3
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Table 6.2-29

Notes:

1.

With respect to meeting the requirements of US NRC 10 CFR 50, Appendix A, General Design Criteria 55, the
closed loop safety-related IC loop outside the containment is a "passive" substitute for an open "active" valve outside
the containment. The combination of an already isolated loop outside the containment plus the two series automatic

isolation valves inside the containment comply with the requirements of the isolation guidelines of 10 CFR 50,
Appendix A, Criteria 55 and 56.

Containment Isolation Valve Information for the Isolation Condenser System Loop D(6) (continued)

2. Two in series valves
3. Closed barrier outside containment (IC piping outside containment is Quality Group B)
4. Except on IC pipe or tube failure
5 Nominal pipe size diameter
6 For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-30

Containment Isolation Valve Information for the Isolation Condenser System Loop D(6) (Sheet 1 of 2)

Penetration Identification

B32-MPEN-0012(2)

B32-MPEN-0012(%)

B32-MPEN-00042)

Valve Number FOO7D F008D (Deleted) (Deleted) F011D F012D F013D F014D

Valve Location Upper Header | Upper Header Lower Header |Lower Header |Purge line Excess Flow
Vent Vent Bypass Vent Bypass Vent Purge

Applicable Basis GDc 551 GDc 551 Gbc 551 Gbc 551 Gbc 55 |GDc 5501

Figure 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3 5.1-3

ESF Yes Yes Yes Yes Yes Yes

Fluid Cond/Steam | Cond/Steam Cond/Steam Cond/steam Cond/Steam | Cond/Steam
/Non Cond /Non Cond /Non Cond /Non Cond /Non Cond /Non Cond
Gases Gases Gases Gases Gases Gases

Line Size®) 20mm 20mm 20mm 20mm 20mm 20mm
(0.75in) (0.75in) (0.75in) (0.75in) (0.75in) (0.75in)

Type C Leakage Test Yes Yes Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(a) N/A N/A N/A N/A N/A N/A

Leakage Past Seat(®) b b bg*) b bg) b

Location Inboard Inboard Inboard Inboard Inboard Inboard

(Deleted)

(Deleted)

Normal Position Closed Closed Closed Closed Open Open

Shutdown Position Closed Closed Closed Closed Open Open

Post-Accident Position Closed Closed Open/Closed Open/Closed Open Open

Power Fail Position Closed Closed N/A Open Closed N/A

Containment Isolation Signal@ |P P Q P I, K Q

Primary Actuation Remote Remote Pressure Remote Automatic Diff Pressure
manual manual manual

Secondary Actuation N/A N/A N/A N/A Remote N/A

Manual

Closure Time (sec) <15 <15 <15 <15 <15 <15
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Table 6.2-30 Containment Isolation Valve Information for the Isolation Condenser System Loop D(6) (Sheet 2 of 2)
Penetration Identification B32-MPEN-0012(2) B32-MPEN-001203) B32-MPEN-0004(2)
Valve Number F007D F008D (Deleted) (Deleted) FO011D F012D F013D F014D
Power Source Div. 4 Div. 4 N/A Div. 4 Div. 4,1, 2 N/A
Notes:
1. The piping and valve arrangement for these lines meet the requirements of 10 CFR 50, App. A, GDC 55 because there are two normally
closed valves in series in the line that leads from the suppression chamber back to the closed IC loop outside the containment.
2. Two in series valves
3. Two in series valves (FO11/F012)
4. Closed barrier outside containment (IC piping outside containment is Quality Group B)
5 Nominal pipe size diameter
6. For explanation of cod es, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-31 Containment Isolation Valve Information for the Reactor Water Cleanup/Shutdown Cooling System(z)
Penetration Identification G31-MPEN-0001 G31-MPEN-0003 G31-MPEN-0002 G31-MPEN-0004
Valve No. F002A FO03A FO07A FOO8A F002B F003B F007B F008B

Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55 GDC 55 GDC 55 GDC 55 GDC 55

Figure 5.1-4 5.1-4 5.1-4 5.1-4 5.1-4 5.1-4 5.1-4 5.1-4

ESF No No No No No No No No

Fluid Water Water Water Water Water Water Water Water

Line Size(" 250 mm 250 mm 150 mm 150 mm 250 mm 250 mm 150 mm 150 mm
(101in) (10in) (6in) (61in) (10in) (10in) (6in) (6in)

Type C Leakage Test Yes Yes Yes Yes Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(® N/A aq N/A aq N/A aq N/A aq

Leakage Past Seat(®) bs bs bs bs bs bs bs bs

Location Inboard Outboard Inboard Outboard Inboard Outboard Inboard Outboard

(Deleted)

(Deleted)

Normal Position Open Open Open Open Open Open Open Open

Shutdown Position Open Open Open Open Open Open Open Open

Post-Accident Position Closed Closed Closed Closed Closed Closed Closed Closed

Power Fail Position Closed Closed Closed Closed Closed Closed Closed Closed

Containment Isolation Signal® |B,C,FM,N B,C,FM,N B,C,FM,N B,C,FM,N B,C,FM,N B,C,FM,N B,C,FM,N B,C,F,M,N

Primary Actuation Automatic Automatic Automatic Automatic Automatic Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote Remote Remote Remote Remote Remote
manual manual manual manual manual manual manual manual

Closure Time (sec) <20 <20 <15 <15 <20 <20 <15 <15

Power Source Div. 2, 4 Div. 1, 3 Div. 2, 4 Div. 1, 3 Div. 2, 4 Div. 1, 3 Div. 2, 4 Div. 1, 3

Note:

1. Nominal pipe size diameter

2 For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-31a Containment Isolation Valve Informatijon for the Reactor Water
Cleanup/Shutdown Cooling System(?)
Penetration Identification G31-MPEN-0005 G31-MPEN-0006

Valve No. FO38A FO39A F038B F039B

Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55

Figure 5.1-4 5.1-4 5.1-4 5.1-4

ESF No No No No

Fluid Water Water Water Water

Line Size(") 20 mm (.75 in) 20 mm (.75 in) 20 mm (.75 in) 20 mm (.75 in)

Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(a) N/A aq N/A aq

Leakage Past Seat(®) b, b, b, b,

Location Inboard Outboard Inboard Outboard

(Deleted)

(Deleted)

Normal Position Closed Closed Closed Closed

Shutdown Position Open/Closed Open/Closed Open/Closed Open/Closed

Post-Accident Position Open/Closed Open/Closed Open/Closed Open/Closed

Power Fail Position Closed Closed Closed Closed

Containment Isolation Signal(@ B,C,F,M,N B,C,F;M,N B,C,F,M,N B,C,F;M,N

Primary Actuation Automatic Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote Remote

manual manual manual manual

Closure Time (sec) <15 <15 <15 <15

Power Source Div. 2, 4 Div. 1, 3 Div. 2, 4 Div. 1, 3

Note:

1. Nominal pipe size diameter

2.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-32a

Containment Is
Control System

%ation Valve Information for the Standby Liquid

Penetration Identification

C41-MPEN-0001

Valve No. FOO5A FO04A FO03A F003C
Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55
Figure 9.31 9.31 9.31 9.31
ESF Yes Yes Yes Yes
Fluid Boron/Water Boron/Water Boron/Water Boron/Water
Line Size®) 80 mm (3 in) 80 mm (3 in) 80 mm (3 in) 80 mm (3 in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(® N/A ay aq aq
Leakage Past Seat(®) bs bs bs bs
Location Inboard Outboard Outboard Outboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed
Shutdown Position Closed Closed Closed Closed
Post-Accident Position Open/Close Open/Close Open Open
Power Fail Position N/A N/A As is Asis
Containment Isolation Signal(@ Q Q N/A@) N/A@)
Primary Actuation Flow Flow N/A®@) N/A®@)
Secondary Actuation N/A N/A N/AR) N/AR)
Closure Time (sec) N/A N/A N/AG) N/AG)
Power Source N/A N/A N/A@) N/A®R)
Notes:
1. The disk/inlet-fitting cap is hermetically sealed and when valve is actuated, the cap is sheared to

permanently open the flow path.

2. Not relevant to the valve isolation function.
3. Nominal pipe size diameter
4.

types.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator
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Table 6.2-32b Containment Is%ation Valve Information for the Standby Liquid
Control System
Penetration Identification C41-MPEN-0002

Valve No. F005B F004B F003B FO003D
Applicable Basis GDC 55 GDC 55 GDC 55 GDC 55
Figure 9.31 9.31 9.31 9.3-1
ESF Yes Yes Yes Yes
Fluid Boron/Water Boron/Water Boron/Water Boron/Water
Line Size®) 80 mm (3 in) 80 mm (3 in) 80 mm (3 in) 80 mm (3 in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(® N/A ay aq aq
Leakage Past Seat(®) bs bs bs bs
Location Inboard Outboard Outboard Outboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed
Shutdown Position Closed Closed Closed Closed
Post-Accident Position Open/Close Open/Close Open Open
Power Fail Position N/A N/A As is As is
Containment Isolation Signal(@ Q Q N/A@) N/AG)
Primary Actuation Flow Flow N/A®@) N/A®R)
Secondary Actuation N/A N/A N/A@) N/AR)
Closure Time (sec) N/A N/A N/AG) N/AG)
Power Source N/A N/A N/A®) N/A)
Notes:
1. The disk/inlet-fitting cap is hermetically sealed and when valve is actuated, the cap is sheared to

permanently open the flow path.

2. Not relevant to the valve isolation function.
3. Nominal pipe size diameter
4.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator
types.
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Table 6.2-33a

Auxiliary Pools Cooling System 6)

Containment Isolation Valve Information for the Fuel and

Penetration Identification

G21-MPEN-0005

G21-MPEN-0002

Valve No. F321A F322A F306A F307A
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 9.11 9.1-1 9.1-1 9.1
ESF No No No No
Fluid Water Water Water Water
Line Size®) 250 mm (10in)  |250 mm (10in)  |250 mm (10in)  |[250 mm (10 in)

Type C Leakage Test

N0(4)

No(4)

Yes

Yes

(Deleted)

Leakage Through Packing(® ay aq ay N/A
Leakage Past Seat(") be bg bg bg
Location Outboard Outboard Outboard Inboard
(Deleted)

(Deleted)

Normal Position Closed(") Closed(!) Closed(") Closed(")
Shutdown Position Closed(") Closed(") Closed(") N/A
Post-Accident Position Closed® Closed® Closed® Closed
Power Fail Position As-is As-is As-is N/A
Containment Isolation Signal(@ P P P Q
Primary Actuation Remote manual |Remote manual |Remote manual |Flow
Secondary Actuation Local manual Local manual Local manual N/A
Closure Time (sec) <30 <30 <30 N/A
Power Source Div. 1, 3 Div. 2, 4 Div. 1, 3 N/A

Notes:
1.

2.

or Suppression Pool Cooling function if required.

The valve is open occasionally for the suppression pool cooling and cleanup function.

The valve is open remote manually for performing low pressure coolant injection (LPCI), DW Spray,

The valve is opened remote manually for performing Suppression Pool Cooling function if required.

The FAPCS suppression pool suction lines are always filled with water, since the suction lines are

located below the suppression pool water level and are sealed from the containment atmosphere.

Nominal pipe size diameter

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-33b Containment Isolation Valve Information for the Fuel and
Auxiliary Pools Cooling System(s)
Penetration Identification G21-MPEN-0007 G21-MPEN-0006
Valve No. F321B F322B F306B F307B
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 9.1-1 9.11 9.1-1 9.1-1
ESF No No No No
Fluid Water Water Water Water
Line Size®) 250 mm (10 in) 250 mm (10 in) 250 mm (10 in) 250 mm (10 in)
Type C Leakage Test No(? No(® Yes Yes
(Deleted)
Leakage Through Packing(@ ay ay ay N/A
Leakage Past Seat(®) bg bg bg bg
Location Outboard Outboard Outboard Inboard
(Deleted)
(Deleted)
Normal Position Closed(") Closed(") Closed(") Closed(")
Shutdown Position Closed(") Closed(") Closed(") N/A
Post-Accident Position Closed®) Closed(®) Closed®) Closed
Power Fail Position As-is As-is As-is N/A
Containment Isolation Signal(d) P P P Q
Primary Actuation Remote Remote Remote Self
manual manual manual
Secondary Actuation Local Local Local N/A
manual manual manual
Closure Time (sec) <30 <30 <30 N/A
Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 N/A

Notes:
1.

2.

The valve is open occasionally for the suppression pool cooling and cleanup function.

The FAPCS suppression pool suction lines are always filled with water, since the suction lines are

located below the suppression pool water level and are sealed from the containment atmosphere.

function if required.

Nominal pipe size diameter

The valve is opened remote manually for performing LPCI, DW Spray, or Suppression Pool Cooling

The valve is opened remote manually for performing Suppression Pool Cooling function if required.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-34 Containment Isolation Valve Information for the Fuel and
Auxiliary Pools Cooling System(®)
Penetration Identification G21-MPEN-0004 G21-MPEN-0003
Valve No. F323 F324 F303 F304
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 9.11 9.141 9.11 9.11
ESF No No No No
Fluid Water Water Water Water
Line Size@ 250 mm (10 in) 250 mm (10 in) 250 mm (10 in) 250 mm (10 in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(a) N/A aq a4 N/A
Leakage Past Seat(®) bg bg bg bg
Location Inboard Outboard Outboard Inboard
(Deleted)
(Deleted)
Normal Position Closed(") Closed(") Closed(") Closed(")
Shutdown Position Closed Closed Closed N/A
Post-Accident Position Closed Closed Closed Closed
Power Fail Position Closed Closed Closed N/A
Containment Isolation Signal(@ B,C,H B,C,H B,C,H Q
Primary Actuation Automatic Automatic Automatic Flow
Secondary Actuation Remote Remote Remote N/A
manual manual manual
Closure Time (sec) <30 <30 <30 N/A
Power Source Div. 2, 4 Div. 1, 3 Div. 1,2, 3 N/A

Notes:
1.

3.
types.

The valve is open occasionally for GDCS pools cooling and cleanup function
2. Nominal pipe size diameter

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator
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Table 6.2-35 Containment Isolation Valve Information for the Fuel and
Auxiliary Pools Cooling System(?)
Penetration Identification G21-MPEN-0001 G21-MPEN-0008
Valve No. F309 F310 F212 F213

Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56

Figure 9.11 9.1 9.1-1 9.11

ESF No No No No

Fluid Water Water Water Water

Line Size(") 250 mm (10 in) 250 mm (10 in) 250 mm (10 in) 250 mm (10 in)

Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing @ ay N/A N/A N/A

Leakage Past Seat () be bg bg bg

Location Outboard Inboard Inboard Inboard

(Deleted)

(Deleted)

Normal Position Closed Closed Closed Closed

Shutdown Position Closed N/A Open / Closed Open / Closed

Post-Accident Position Closed Closed Closed Closed

Power Fail Position Closed N/A N/A N/A

Containment Isolation Signal@ [P Q R R

Primary Actuation Remote Flow Local Local
manual Manual Manual

Secondary Actuation N/A N/A N/A N/A

Closure Time (sec) <35 N/A N/A N/A

Power Source Div. 1,2, 3 N/A N/A N/A

Note:
1.

2.
types.

Nominal pipe size diameter

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator

6-166

Revision 0
October 2015



Table 6.2-36 Containment Isolation Valve Information for the Containment Inerting System(4)(Sheet 1 0of 2)
Penetration Identification T31-MPEN-0004 T31-MPEN-0003(")

Valve No. F012 F011 F013 F016 F010 F011 F014 Fo015
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56 GDC 56 GDC 56 GDC 56 GDC 56
Figure 6.2-29 6.2-29 6.2-29 6.2-29 6.2-29 6.2-29 6.2-29 6.2-29
ESF No No No No No No No No
Fluid Air/Ny Air/Ny Air/Ny Air/No Air/N, Air/No Air/N, Air/N,
Line Size(®) 350 mm 500 mm 200 mm 200 mm 400 mm 500 mm 25 mm 25mm

(14 in) (20 in) (8in) (8in) (16 in) (20 in) (1in) (1in)
Type C Leakage Test Yes Yes Yes Yes Yes Yes Yes Yes
(Deleted)
Leakage Through ay ay a4 a4 a4 a4 a4 a4
Packing(@
Leakage Past Seat(®) b,/bs b,/bs b,/bs by/bs b,/bs b,/bs b,/bs by/bs
Location Outboard Outboard Outboard Outboard Outboard Outboard Outboard Outboard
(Deleted)
(Deleted)
Normal Position Closed Closed Closed Closed Closed Closed Closed@ Closed®
Shutdown Position Closed®@ Closed®@ Closed Closed Closed@ Closed@ Closed Closed
Post-Accident Position Closed Closed Closed Closed Closed Closed Closed Closed
Power Fail Position Closed Closed N/A N/A Closed Closed Closed Closed
Containment Isolation Signal@ |B,C,H,T B,C,H,T N /A N/A B,C,H,T B,C,H,T B,C,H,T B,C,H,T
Primary Actuation Automatic Automatic Local Manual |Local Manual |Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote N/A N/A Remote Remote Remote Remote
manual manual manual manual manual manual
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Table 6.2-36 Containment Isolation Valve Information for the Containment Inerting System(*)(Sheet 2 of 2)
Closure Time (sec) <30 <30 N/A N/A <30 <30 <5 <5
Penetration Identification T31-MPEN-0004 T31-MPEN-0003(")
Valve No. F012 FO011 F013 F016 F010 FO011 F014 F015
Power Source Div. 2, 4 Div. 1, 3 N/A N/A Div. 2, 4 Div. 1, 3 Div. 2, 4 Div. 1, 3
Notes:
1. Two valves in series (FO11/F010) in parallel with two in series valves (F015/F014)
2 Open during the early stage of “inerting/de-inerting” modes to purge resident air/N2 after which the valves are closed
8. Nominal pipe size diameter
4. For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-37

Containment Isolation Valve Information for the Containment
Inerting System(3

Penetration Identification T31-MPEN-0002(")
Valve No. F008 F007 F024 F023

Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56

Figure 6.2-29 6.2-29 6.2-29 6.2-29

ESF No No No No

Fluid Air/N, Air/N, Air/N, Air/N,

Line Size@ 500 mm 350 mm 25 mm 25 mm
(20in) (14 in) (11in) (1in)

Type C Leakage Test Yes Yes Yes Yes

(Deleted)

Leakage Through Packing(® aj ay aj ay

Leakage Past Seat(®) b, by b, b,

Location Outboard Outboard Outboard Outboard

(Deleted)

(Deleted)

Normal Position Closed Closed Open Open

Shutdown Position Open Open Closed Closed

Post-Accident Position Closed Closed Closed Closed

Power Fail Position Closed Closed Closed Closed

Containment Isolation Signal(@ B,C,H,T B,C,H,T B,C,H,T B,CH,T

Primary Actuation Automatic Automatic Automatic Automatic

Secondary Actuation Remote Remote Remote Remote
manual manual manual manual

Closure Time (sec.) <30 <30 <5 <5

Power Source Div. 1, 3 Div. 2, 4 Div. 2, 4 Div. 1, 3

Notes:

1. Valve F0OO08 in series with FOO7, valve F024 in series with F023

2. Nominal pipe size diameter

3.

actuator types.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and
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Table 6.2-38

Inerting System(3)

Containment Isolation Valve Information for the Containment

Penetration Identification

T31-MPEN-0001(1

Valve No. F025 F023 F008 F009
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 6.2-29 6.2-29 6.2-29 6.2-29
ESF No No No No
Fluid Air/N, Air/N, Air/N, Air/N,
Line Size® 25 mm 25 mm 500 mm 350 mm
(11in) (11in) (20in) (14in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(® ay aj ay ay
Leakage Past Seat(®) b, bs b, b,
Location Outboard Outboard Outboard Outboard
(Deleted)
(Deleted)
Normal Position Open Open Closed Closed
Shutdown Position Closed Closed Open Open
Post-Accident Position Closed Closed Closed Closed
Power Fail Position Closed Closed Closed Closed
Containment Isolation Signal(@ B,C,H,T B,C,H,T B,C,H,T B,C,H,T
Primary Actuation Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote Remote
manual manual manual manual
Closure Time (sec) <5 <5 <30 <30
Power Source Div. 2, 4 Div. 1, 3 Div. 1, 3 Div. 2, 4

Notes:

1. Valve F0O08 in series with F009, valve F025 in series with F023

2.
3.

Nominal pipe size diameter

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-39

Containment Is
System Train A

&I)ation Valve Information for the Chilled Water

Penetration Identification

P25-MPEN-0001

P25-MPEN-0002

Valve No. F023A F024A FO025A F026A
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 6.2-34 6.2-34 6.2-34 6.2-34
ESF No No No No
Fluid Water Water Water Water
Line Size(") 150 mm 150 mm 150 mm 150 mm
(61in) (6in) (6in) (6in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(a) aq N/A N/A aq
Leakage Past Seat(®) by b, b, b,
Location Outboard Inboard Inboard Outboard
(Deleted)
(Deleted)
Normal Position Open Open Open Open
Shutdown Position Open/Closed Open/Closed Open/Closed Open/Closed
Post-Accident Position Closed Closed Closed Closed
Power Fail Position Closed Closed Closed Closed
Containment Isolation Signal(@ CH CH CH CH
Primary Actuation Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote Remote
manual manual manual manual
Closure Time (sec.) <30 <30 <30 <30
Power Source Div. 2, 4 Div. 1,3 Div. 1, 3 Div. 2, 4
Note:
1. Nominal pipe size diameter
2.

types.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator
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Table 6.2-39a

System Train B(?)

Containment Isolation Valve Information for the Chilled Water

Penetration Identification

P25-MPEN-0003

P25-MPEN-0004

Valve No. F023B F024B F025B F026B
Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 6.2-34 6.2-34 6.2-34 6.2-34
ESF No No No No
Fluid Water Water Water Water
Line Size(") 150 mm 150 mm 150 mm 150 mm
(6in) (6in) (6in) (6in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage Through Packing(a) aq N/A N/A ay
Leakage Past Seat(®) b, by b, by
Location Outboard Inboard Inboard Outboard
(Deleted)
(Deleted)
Normal Position Open Open Open Open
Shutdown Position Open/Closed Open/Closed Open/Closed Open/Closed
Post-Accident Position Closed Closed Closed Closed
Power Fail Position Closed Closed Closed Closed
Containment Isolation Signal(@ CH CH CH CH
Primary Actuation Automatic Automatic Automatic Automatic
Secondary Actuation Remote Remote Remote Remote
manual manual manual manual
Closure Time (sec.) <30 <30 <30 <30
Power Source Div. 2, 4 Div. 1, 3 Div. 1, 3 Div. 2, 4

Note:

- Nominal pipe size diameter

2.

For explanation of codes, see legend on Table 6.2-15. See Table 3.9-8 for valve and actuator types.
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Table 6.2-40 Containment Isolation Valve Information for the High Pressure
Nitrogen Supply System!?)
Penetration Identification P54-MPEN-0001 P54-MPEN-0002
Valve No. F0026 F027 F009 F010

Applicable Basis GDC 56 GDC 56 GDC 56 GDC 56
Figure 9.34 9.3-4 9.34 9.3-4
ESF No No No No
Fluid Air/N, Air/N, N, N,
Line Size(") 50 mm 50 mm 50 mm 50 mm

(21in) (21in) (21in) (21in)
Type C Leakage Test Yes Yes Yes Yes
(Deleted)
Leakage