


,   = + = 280,056 

=  = 5.07 

=  (     )× (         )            =  (71.83 53 ) × (86 81.25 ) = 262,388 



=                      = 86 56 = 30 
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Located at the bottom of the containment, at El. 81 ft., the IRWST is a reinforced concrete 
structure with a stainless steel inside liner.  The IRWST provides continuous subcooled 
water for the SI and CS to cool the containment in the event of abnormal events such as a 
LOCA or secondary system piping rupture.  Section 6.8 describes the in-containment 
water storage system (IWSS). 

6.2.1.1.2.1 Protection against External Pressure Loads 

Inadvertent operation of the CS system, containment purge, and containment fan cooler 
systems could potentially result in a significant containment external pressure loading.  
The APR1400 containment is designed to withstand an external pressure loading of 0.28 
kg/cm2G (4.0 psig) relative to ambient pressure.  An evaluation and associated analyses 
demonstrate that the containment structure integrity is maintained under maximum external 
pressure-loading conditions; see Subsection 6.2.1.1.3.5. 

6.2.1.1.2.2 Potential Water Traps Inside Containment 

The evaluation of the IRWST upstream effect is a review of the flow paths leading to the 
IRWST to identify flow paths that could result in blocking the return water that could 
challenge the IRWST minimum water level.  The evaluation also includes identifying 
holdup volumes, such as recessed areas and enclosed rooms where trapped water volumes 
do not return to the IRWST.  All of the hold-up volumes were taken into account in the 
minimum water level evaluation of the IRWST. 

Holdup volumes are divided into two groups: Hold-up water on the way to the IRWST and 
the inactive pool volume.  Detail holdup volume capacities are listed in Table 6.8-2 and 
the schematic of potential water traps in containment is shown in Figure 6.2.1-20.  The 
groups are defined as follows: 

a. Hold-up volume on the way to the IRWST 

In a LOCA, the IRWST water returns from the containment spray nozzles and 
broken pipe.  The water on the way to the IRWST decreases the initial IRWST 
water level.  The following are the source of hold-up water on the way to the 
IRWST: 
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blockage.  Smaller debris would just pass straight through.  Debris would also need to be 
planar to adequately seal the opening.  A crumpled piece of RMI would not seal the 
opening. 

The IRWST is designed to provide adequate water level to SI and CS/SC pumps.  In 
addition, in consideration of the static head and suction line pressure drop, the evaluation of 
the available NPSH assumes that the vapor pressure of the liquid in the IRWST is equal to 
the containment ambient pressure.  This assumption provides reasonable assurance that 
the actual available NPSH is always greater than the calculated NPSH.  The minimum 
water level of the IRWST provides the basis for estimating static head in the NPSH 
evaluation as described in Section 6.3 and Subsection 6.5.2. 

The minimum water level of the IRWST during a LOCA is calculated by subtracting the 
hold-up volume from the initial water volume in the IRWST and adding the water volume 
of three SI tanks.  The minimum water level was determined to be 1.52 m (5 ft) above the 
IRWST bottom (at El. 81 ft) and this value is used in the NPSH evaluation. 

6.2.1.1.3 Design Evaluation 

A containment response analysis is performed to demonstrate the containment’s integrity to 
postulated accident conditions.  The APR1400 uses a simplified and distinct containment 
model using the Generation of Thermal-Hydraulic Information for Containment (GOTHIC) 
computer code (Reference 2) to calculate the containment pressure and temperature 
response following the M&E release from primary and secondary system pipe ruptures.  
This section presents a description of the analysis methodology and containment response 
calculations following a postulated LOCA and secondary system pipe rupture. 

6.2.1.1.3.1 Description of Containment Analysis Methodology 

The GOTHIC computer code (version 8.0) is selected to develop the APR1400 containment 
model since it is widely used to perform containment pressure and temperature (P/T) 
response analyses in the nuclear industry.  The code is suitable to predict the containment 
pressure and temperature response to the M&E release following high-energy line breaks 
such as reactor coolant, main steam, and main feedwater piping.  Besides the containment 
response analysis, GOTHIC is used to calculate the M&E release during the decay heat 
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Surrogate suspensions of chemical precipitates representing this chemical debris can be 
included as an additional debris source to the strainer testing program to qualify the strainer 
for “chemical effects”.  The quantities of chemical precipitates are based on reactive 
material surface areas and quantities, temperature, water level, pH and other parameters 
related to the plant specific environment and postaccident evolution.  The calculated result 
based on the WCAP-16530-NP (Reference 9) methodology referenced in RG 1.82 
(Reference 3) is provided in Table 6.8-3. 

6.8.4.5.8 Upstream Effects 

The evaluation of upstream effect is a review of the flow paths leading to the IRWST, 
identifying those flow paths which could result in blocking the return water that could 
challenge the IRWST minimum water level evaluation.  The evaluation also includes 
identifying the hold-up volumes, such as recessed areas and enclosed rooms, for which 
trapped water will not return to the IRWST.  All of the hold-up volumes were taken 
account of in the minimum water level calculation.  Detail holdup volume is provided in 
Table 6.8-2. 

Figure 6.2.1-20 show a schematic of containment spray and blowdown return pathways, 
and the schematic of potential water traps in containment.  During long-term cooling 
subsequent to a RCS pipe break, borated water is drawn from the IRWST by the SIPs and 
injected into the RV for core cooling.  This water is ejected to the bottom floor of the 
containment within the secondary shield wall through the horizontal platforms which are 
constructed of open grating within the SG compartments.  The CSPs also draw water from 
the IRWST sumps to cool the containment building.  This water rains down on all 
containment surfaces, and then drains to the bottom floor of containment within secondary 
shield wall and annulus via the stairway and a ring of deck grating around much of the 
circumference of the building. 

Water spilled from RCS break and the uniformly distributed containment spray water drain 
back to the HVT, and then drains to the IRWST via spillways.  Since there are four 
pathways on the bottom floor of the containment, the debris will not clog these pathways.  
As a result of evaluation, no choke points that may block the flow paths of return water are 
identified.  Therefore, only the hold-up volumes may challenge the minimum water level 
of the IRWST. 
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Figure 3.9-3  Schematic Diagram for IRWST Water Volume
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Table 6.2.2-1 
 

Input Values Used in CSS Evaluation Calculations 

CSP NPSH Evaluation 

hstatic head 9.19 m (30.16 ft) 

hline loss 2.34 m (7.67 ft) 

hIRWST sump strainer  0.61 m (2.00 ft) (1) 

NPSHavailable 6.25 m (20.50 ft) 

NPSHrequired 5.33 m (17.50 ft) 

NPSHmargin 0.91 (3.00 ft) 

SI Pump NPSH Evaluation 

hstatic head 9.14 m (30.0 ft) 

hline loss 1.30 m (4.28 ft) 

hIRWST sump strainer  0.61 m (2.00 ft)(1) 

NPSHavailable 7.23 m (23.73 ft) 

NPSHrequired 6.71 m (22.00 ft) 

NPSHmargin 0.53 m (1.73 ft) 
(1) Contains head loss due to debris clogging and chemical 

effect. 
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Mechanical shaft seals are used and provided with leakoff that collect any leakage past the 
seals.  The seals are designed for operation with a pumped fluid temperature of 176.7 °C 
(350 °F). 

The SI pump motors are specified to have the capability of starting and accelerating the 
driven equipment, under load, to a design point running speed within 5 seconds.  This is 
based on an initial voltage of 75 percent of rated voltage at the motor terminals, increasing 
linearly with time to 90 percent voltage in the first 3 seconds and to 100 percent voltage in 
the next 2 seconds. 

The SI pumps are provided with drain and flushing connections to permit a reduction of 
radioactive contamination before maintenance.  The pressure-containing parts of the pump 
are stainless steel with internals selected for compatibility with boric acid solutions.  The 
materials selected are analyzed to provide reasonable assurance that differential expansion 
during design transients can be accommodated. 

The design temperature of the SI pumps is based on the saturation temperature of the 
reactor coolant at the containment design pressure plus a design tolerance.  The design 
pressure for the SI pumps is based on the shutoff head plus maximum containment pressure 
plus a design tolerance.  The pump data are provided in Table 6.3.2-1. 

The SI pumps are specified to limit the maximum required NPSH to 6.1 m (20 ft) at pump 
runout flow.  The SI pump NPSH requirements are described in Table 6.3.2-1.  Pump 
vendor tests are conducted to provide reasonable assurance that the actual required NPSH 
does not exceed the specified limit.  Available NPSH is calculated in accordance with 
NRC RG 1.1 (Reference 4).  The difference between required NPSH and available NPSH 
provides reasonable assurance that NPSH requirements are satisfied. 

The strainer is designed to protect the pump inlet and prevent ingestion of debris that can 
cause a loss of NPSH, in accordance with NRC RG 1.82 (Reference 5), for long-term 
recirculation cooling following a LOCA. 
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Table 6.3.2-1 (1 of 3) 
 

SIS Component Parameters 

Safety Injection Pumps 

Quantity 4 

Type Multistage, horizontal, centrifugal 

Safety classification 2  

Seismic Category I 

Code ASME Section III, Class 2 

Design pressure 144.1 kg/cm2G (2,050 psig) 

Maximum operating suction pressure 7.0 kg/cm2G (100 psig) 

Design temperature 176.7 C (350 F) 

Design flow rate 3,085 L/min (815 gpm)(1) 

Design head 868.7 m (2,850 ft) 

Materials Stainless steel, type 304, 316 or approved 
alternate 

Shaft seal Mechanical 

Brake horsepower 746 kW (1,000 hp) 
 

Safety Injection Pump NPSH 

 Flow/Pump 
L/min (gpm) 

Maximum  
NPSH required  

m (ft) 

Minimum 
NPSH available 

m (ft) 

Long-Term Cooling Mode 4,675(1,235) (2) 6.1 (20) (3) 6.7 (22) (3) 
(1) Does not include minimum bypass flow. 
(2) Including minimum bypass flow. 
(3) Calculation is based on the NRC RGs 1.1 and 1.82.  SI pumps take suction from the IRWST at runout 

flows. 
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See Table 6.2.2-1.
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