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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  326-8408 

SRP Section:  04.04 – Thermal and Hydraulic Design 

Application Section:  4.4.2.4 

Date of RAI Issue:  12/03/2015 

 
 
Question No. 04.04-5 
 
Title 10 of the Code of Federal Regulations, Part 50, Appendix A, Criterion 10 (Reactor 
Design) requires that the reactor core and associated coolant, control, and protection systems 
shall be designed with appropriate margin to assure that specified acceptable fuel design 
limits and not exceeded during any condition of normal operation, including the effects of 
anticipated operational occurrences. 
 
Section 4.4.2.6.2 of the APR1400 DCD, “Reactor Vessel and Core Pressure Drops” refers to 
pressure losses calculated using classical fluid mechanistic relationship and information from 
the System 80+ reactor flow tests. Provide further discussion on the code or codes used to 
develop design pressure drops for reactor vessel components, the nodalization model, 
assumptions and boundary conditions, and the results of any sensitivity analyses. Also, 
provide a comparison of calculated results to test measurements. 
 
Response 
 
RAI No.326-8408 requested to provide the codes used for the pressure losses calculation of 
reactor vessel components but no code was used for this analysis. 
 
The pressure losses of reactor vessel components from System 80 reactor flow test were 
originally applied to the design for Palo Verde Nuclear Generating Station (PVNGS). As 
APR1400 reactor design is the same with that of PVNGS, System 80 reactor flow test data 
can also be applied to APR1400 reactor. However, there are minor differences of design 
coolant temperatures and flow rates between System 80 reactor and APR1400 reactor. So, 
those differences were adjusted by using classical fluid mechanistic relationship. 
 
Here are more details on the adjustment process.  
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The pressure loss is expressed as the following equation. 
 

∆P = K ∙  
𝜌 𝑣2

2
 

 
Where, K is a pressure loss coefficient, ρ is density, 𝑣 is a flow velocity.  
 
The K contains the form loss and friction loss effects of the flow. It depends on the flow 
geometry and flow condition (Reynolds number). The flow geometries of reactor and reactor 
internals for APR 1400 reactor are equal to those for System 80 reactor. The comparison of 
Reynolds numbers for the two reactors with slightly different design coolant temperatures and 
flow rates showed that the Reynolds numbers for the two reactors are almost equal. 
Therefore, the K for APR1400 reactor is reasonably assumed to be same as that of System 
80 reactor. Then, the equation can be evaluated as follows. 
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From the relationships of Q = vA and W = ρQ (where, Q is a volumetric flow rate, A is a flow 
area, W is a mass flow rate), the ∆P)APR1400 is: 
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As a result, the pressure losses of reactor vessel components for APR1400 are obtained by 
applying the differences of the design coolant temperatures and the flow rates between 
APR1400 reactor and System 80 reactor to the pressure losses of System 80 reactor. 

 
 
Impact on DCD  
 
There is no impact on the DCD. 
 
Impact on PRA  
 
There is no impact on the PRA. 
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Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Reports. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  326-8408 

SRP Section:  04.04 – Thermal and Hydraulic Design 

Application Section:  4.4.2.4 

Date of RAI Issue:  12/03/2015 

 
 
Question No. 04.04-6 
 
Title 10 of the Code of Federal Regulations, Part 50, Appendix A, Criterion 10 (Reactor 
Design) requires that the reactor core and associated coolant, control, and protection systems 
shall be designed with appropriate margin to assure that specified acceptable fuel design 
limits are not exceeded during any condition of normal operation, including the effects of 
anticipated operational occurrences. 
 
Section 4.4.2.6.3 of the APR1400 DCD, “Hydraulic Loads on Internal Components” refers to 
determination from analytical methods and from the results of reactor flow model and 
component test programs. Provide further discussion on the code or codes used to develop 
vessel internal component design hydraulic loads, the nodalization model, assumptions and 
boundary conditions (including the treatment of crud buildup), and the results of any 
sensitivity analyses. Also, provide a reference to previous test measurements, such as fuel 
bundle uplift measurements. If the method combines loads resulting from seismic events and 
LOCA, discuss the treatment of uncertainties in the analyses. 
 
Response 
 
The design hydraulic loads consist of the static drag, impingement loads and the dynamic 
loads as a result of pump-induced pressure pulsations, vortex shedding, and turbulence as 
mentioned in DCD Section 4.4.2.6.3. The hydraulic loads are calculated by the following 
analysis methodology. Some of the design data for the hydraulic loads were taken from the 
flow model and Comprehensive Vibration Assessment Program (CVAP) tests for System 80 
design on the basis of the assumption that the arrangement, design, size, and operating 
conditions of APR1400 are substantially the same as those for System 80. 
 
a. Static loads 
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Static loads are considered to be caused by the drag and impingement forces. The drag 
force is as follows. 
 

F𝑑𝑑𝑑𝑑 = ∆𝑃 ∙ 𝐴 
 
Where, F𝑑𝑑𝑑𝑑 is a drag force, ∆𝑃 is a pressure difference, and 𝐴 is a projected area. 
 
∆𝑃 or the pressure loss coefficient used to determine ∆𝑃 is obtained from the results of 
System 80 reactor flow test. 
 
The impingement (momentum force) is calculated as follows. 
 

F𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝜌𝐴𝑉2 
 
Where, 𝜌 is a fluid density, and 𝑉 is a flow velocity. 
 
As an effect of core crud, the pressure loss of 6 psi is applied. 
 

b. Pump-induced pressure pulsation load 
 

Pump-induced pressure pulsation load is calculated using two (2) totally different 
methodologies. The reactor internal components are divided into the following 2 groups 
so that the methodologies each apply to the reactor internal component hydraulic load 
calculations. 
 
 The Core Support Barrel (CSB) and the flow skirt surrounded by the downcomer 
region 
 Other components not located near the downcomer region 
 
To determine the pump induced periodic loads on the components surrounded by the 
downcomer region, pressure distribution on the CSB outer wall and the flow skirt is 
calculated using DPVIB, which was developed on the basis of Penzes’ paper (Reference 
1). And to determine the loads on the other components, mathematical formulae with 
trigonometric function are used. In the 2 methodologies, the reference data, which had 
been measured during System 80 CVAP test, are used. For the detailed information of 
the analytical method, refer to the supplemental response of RAI 151-8078 03.09.02-9. 
(Reference 2) 
 

c. Vortex shedding load 
 

To define the vortex shedding load, the vortex shedding force and frequency are provided 
as follows. 
 

𝐹𝑣𝑀𝑑𝑀𝑀𝑣 =
1
2
𝐶𝐿𝜌𝑈02𝐴 
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f = St
𝑈0
𝑑

 

 
Where, 𝐶𝐿 is a lift coefficient,  𝜌 is a coolant density, 𝑈0 is a bulk flow velocity, 𝐴 is a 
projected area (projected on a plane normal to the flow direction), St is Strouhal number, 
and 𝑑 is a characteristic length (i.e. a rod diameter). 

 
d. Random turbulence load 
 

To determine the random turbulence load, an analytical relationship and the data 
measured during System 80 CVAP test are used, and pressure PSD data curves are 
provided to cover the fluctuating pressure PSD data of System 80 over a broad band of 
frequency. 
 
The following formula for a normalized PSD is applicable. 
 

𝐺𝑝(𝑓)
𝜌2𝑉3𝐷𝐻

= 𝐺𝑝���(𝐹) = a function of 𝐹 

 
Where 𝑓 is a frequency, 𝜌 is a fluid density, 𝑉 is a flow velocity, 𝐷𝐻 is a hydraulic 
equivalent diameter, 𝐺𝑝(𝑓) is the PSD, 𝐺𝑝���(𝐹) is the normalized PSD, and 𝐹 is a 
dimensionless frequency (= 𝑓𝐷𝐻/𝑉). This is taken from Reference 3. 

 
The pressure PSD curves are provided with coherent areas. 
 

These hydraulic loads are calculated for normal operation condition and they include some 
multiplying factors for conservatism as appropriate. 
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Impact on DCD  
  
There is no impact on the DCD. 
  
Impact on PRA 
 
There is no impact on the PRA. 
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Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports 
 
There is no impact on any Technical, Topical or Environmental Reports. 
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