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ABSTRACT

Pipe rupture protection design is implemented to conform to Title 10 Code of Federal
Regulations Part50, Appendix-A, General Design Criteria 4. The evaluation requirements and
design policy described in this report are based on a defense-in-depth approach.

The calculation method for the thrust force and jet impingement force are described in a
Technical Report “MUAP-10017".

This report describes blast wave, jet pressure oscillation, and jet reflection calculation
methodology.

The steam break blast wave is evaluated using CFD analysis with an instantaneous pipe break
assumption. In the US-APWR, the term “steam piping” refers to the piping connected to the
pressurizer upper head. Analysis, including consideration of plant layout, indicates that the blast
wave does not impact the stress intensity of the SSCs and has no impact on the protection
design. The change of layout in the future is considered, the evaluation methodology for blast
wave is also provided.

Jet pressure oscillation is unlikely at the US-APWR operating pressures because the large jet
flow expansion and large Mach Disk produce a stable downstream condition. Under such
conditions, feedback from a disturbance at an impingement wall is unlikely. However, It is
conservatively assumed that a jet pressure oscillation occurs through full blowdown process.
The evaluation for jet pressure oscillation is provided.

When jet flow impinges on a wall, the impinging jet flow is redirected along the surface of the wall
forming what is called the zone of influence (ZOl). Inside the ZOl, the impingement pressure
includes effect of pressure due to flow parallel to the wall. Loads due to jet impingement
reflection inside the ZOI are negligible. This report considers jet impingement on a parallel wall
and the more likely case of an oblique.
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2.0 BLAST WAVE

2.1 Blast Wave of Steam Piping
2.1.1 Free Blast Wave

2.1.1.1 Blast Wave Simplified Model
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Figure 2-1 Blast Wave Simplified Model
2.1.1.2 CFD Analysis

a. Model Outline

b. Result
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Figure 2-2 Analysis Model
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Figure 2-3 Blast Wave Pressure Contour
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Figure 2-5 Blast Wave Pressure Attenuation by Distance
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Table 2-1 Comparison between Simplified Model and CFD

2.1.2 Reflection of Blast Wave

2.1.2.1 Front Wall Reflection
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2.1.2.2 Front and Side Wall Reflection
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Figure 2-6 Relation between Incident Pressure Ratio and Reflection Amplification Factor

Figure 2-7 Front Reflection Analysis Model Outline
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Figure 2-8 Distribution of Incident Pressure ps and Reflection Pressure p,
for Front Reflection
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2.2 Blast Wave of Sub-cooled Water Piping
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Figure 2-14 Sound Speed of Liquid-Gas Two Phase Flow
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2.3 Blast Wave Assessment in US-APWR

2.3.1 Pressureizer Upper Piping Structure Integrity

2.3.1.1 Structral Analysis
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2.3.2 Instrument Piping Structure Integrity
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2.3.4 Reflection Repitation
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Figure 2-15 Piping Layouts at Upper Portion of Pressurizer
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Figure 2-16 Case of Closest Distance between Break &Target Points

Table 2-2 Piping Specification
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Figure 2-17 Piping Analysis Stress Model

Figure 2-18 Load Application Image
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Figure 2-21 Instrument Piping in Pressurizer Compartment
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Figure 2-22 Closest Location from Break Point to Wall
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2.4 Blast Wave Evaluation
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Figure 2-24 Evaluation Process of Blast Wave
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2.4.1 Scope of Evaluation

2.4.2 Load of Blast Wave

Figure 2-25 Load Image of Blast Wave
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3.0 JET PRESSURE OSCILLATION

— 3.1 Steam Piping
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Figure 3-1 Relationship between Distance from Nozzle to Impingement Wall and
Pressure Distribution at Impingement Wall

Mitsubishi Heavy Industries, LTD. 29



Evaluation on Jet Impingement Issues Associated
with Postulated Pipe Rupture MUAP-10022-NP (R2)

Figure 3-2 Pressure Distribution of Flat-Plate Impingement (D = nozzle diameter d)
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Figure 3-3 Mechanism of Generating Re-Circulation Flow
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Figure 3-4 Relationship between Concave-Type Pressure Distribution Range

and Pressure Oscillation Range(Reference 6-10)
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Figure 3-5 Time-Freeze Planar Laser-Induced Fluorescence (PLIF) Images of Jet
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3.2 Sub-Cooled Water Piping
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Figure 3-6 Flow Velocity Contour under PWR Condition with Sub-Cooling: 20° C
Figure 3-7 Steam Piping (Single Phase Flow)
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Figure 3-8 Impingement Jet and Wall Pressure Distribution of Pressurized Hot Water

(D = nozzle diameter d)

3.3 Effect of Source Condition Change
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Figure 3-9 Jet Pressure after Blowdown in 8-inch Break Blowdown
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Table 3-1 Maximum Pressure of Single Phase Steam at Interval Stage
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3.4 Evaluation of Jet Pressure Oscillation
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Figure 3-10 Evaluation Process of Jet Pressure Oscillation
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3.4.1 Scope of Evaluation
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3.4.2 Jet Load of Jet Pressure Oscillation Evaluation
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Table 3-2 (1/4) Magnification Factor of Natural Frequency 5Hz of Piping
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Figure 3-11 Load Time Histories of Jet Pressure Oscillation
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4.0 JET REFLECTION
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Figure 4-1 Behavior of Jet Flow Impinging on a Perpendicular Surface

Figure 4-2 Front Reflection Analysis Model Outline
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Figure 4-3 Expansion of Steam Jet

Figure 4-4 Speed Distribution of Flow Jet Figure 4-5 Density of Flow Jet
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Figure 4-6 Speed Distribution in Jet Flow Radiating along Wall

at a Cross Section Parallel to Wall

Figure 4-7 Radial Force in Jet Flow Radiating along Wall
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4.1 Jet Reflection Evaluation
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Figure 4-8 Evaluation Process of Jet Reflection
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4.1.1 Scope of Evaluation
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Figure 4-9 Reflection Jet Expansion Model
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iii) ZOlI of Jet Reflection

Figure 4-10 Evaluation Range (Bird-Eye View)
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4.1.2 Load of Reflection Jet
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— Figure 4-11 Reflection Jet Model

Figure 4-12 Reflection Jet Model (Bird-Eye View)
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Table A3-1 Blowdown Analysis Results (1/2)
Fiqure Nominal Break Single Phase Steam | Single Phase Steam
So System Subsystem Diameter | Loop Location Start Time(s)/ End Time(s)/
' (Inches) Pressure(lb/in?) Pressure(lb/in)

Residual Heat Removal — —

A3-1 RCS System (RHRS) Hot Leg 10 B Hot Leg
Branch Line off RCS
RHRS Hot Leg
A3-2 RCS Branch Line off RCS 10 A C,D Hot Leg
RHRS Cold Leg Branch Line
A3-3 RCS off RCS 8 B Cold Leg
RHRS Cold Leg Branch Line
A3-4 RCS off RCS 8 A CD Cold Leg
A3-5 RCS Pressurizer Spray Line 6 B Cold Leg
A3-6 RCS Pressurizer Spray Line 6 C Cold Leg
A3-7 CVS Charging Line 4 A Cold Leg
A3-8 CVS Let Down Line 3 D Crossover Leg
A3-9 RCS Loop Draln/E?(cess 2 A, C | Crossover Leg
Letdown Line

A3-10 | RCS Loop Drain Crossover Leg
A3-11 | RCS | Pressurizer Safety Valve Line 6 PZR | ]
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Table A3-1 Blowdown Analysis Results (2/2)
Fiqure Nominal Break Single Phase Steam | Single Phase Steam
l?lo System Subsystem Diameter | Loop Location Start Time(s)/ End Time(s)/
' (Inches) Pressure(lb/in) Pressure(lb/in?)

A3-12 RCS Press.urlzler Safety . 4 B P7R

Depressurization Valve Line
A3-13 RCS Press_unzgr Safety _ 8 B P7R

Depressurization Valve Line
A3-14 | CVS Seal Injection Line 1.5 B RCP N ]
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Figure A3-1 RHRS Hot Leg Branch Line off RCS
(Hot Leg 10-inch Break - B Loop)
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Figure A3-2 RHRS Hot Leg Branch Line off RCS
(Hot Leg 10-inch Break - A, C, D Loop)
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Figure A3-3 RHRS Cold Leg Branch Line off RCS
(Cold Leg 8-inch Break - B Loop)
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Figure A3-4 RHRS Cold Leg Branch Line off RCS
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Figure A3-5 Pressurizer Spray Line
(Cold Leg 6-inch Break - B Loop)
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Figure A3-6 Pressurizer Spray Line
(Cold Leg 6-inch Break - C Loop)
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Figure A3-7 Charging Line
(Cold Leg 4-inch Break - A Loop)

Mitsubishi Heavy Industries, LTD. A3-14




Evaluation on Jet Impingement Issues Associated
with Postulated Pipe Rupture MUAP-10022-NP (R2)

Figure A3-8 Letdown Line
(Cross Over Leg 3-inch Break - D Loop)
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Figure A3-9 Loop Drain/Excess Letdown Line

(Cross Over Leg 2-inch Break - A, C Loop)
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Figure A3-10 Loop Drain
(Cross Over Leg 2-inch Break - B Loop)
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Figure A3-11 Pressurizer Safety Valve Line

(Pressurizer 6-inch Break)
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Figure A3-12 Pressurizer Safety Depressurization Valve Line

(Pressurizer 4-inch Break)
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Figure A3-13 Pressurizer Safety Depressurization Valve Line

(Pressurizer 8-inch Break)
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Figure A3-14 Seal Injection Line

(RCP 1.5-inch Break)
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Figure A4-1-5 Effective Load in the Resonance Model
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Figure A6-1-3 Calculation of Maximum Moment
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1.2.2 Calculation for pipe stress from resonance with the piping
1) Amplification factor (Af):

2) Load:

3) Moment (part center of piping):
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4) Stress:
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5) Number of anti-node:
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2.1 Analysis Conditions
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Figure A6-2-2 Analysis Load Set Image
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2.2 Analysis Results
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Figure A6-2-5 (2/3) Moment of Y - Direction Time Histories
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Figure A6-2-5 (3/3) Moment of Z - Direction Time Histories
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3.1 Analysis Conditions

Table A6-3-1 Specification of jet barrier model —
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Figure A6-3-1 Simplified Jet barrier model
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Figure A6-3-2 Boundary conditions of the analytical model
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Figure A6-3-3 FE model of Jet barrier
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Figure A6-3-4 1° Mode Shape (overturning of whole body [240Hz])

Figure A6-3-5 2" Mode Shape (twist of pillar [316Hz])
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Figure A6-3-6 Transient response maximum stress
(Max stress 13.4MPa / Time=0.0216 s)

Mitsubishi Heavy Industries, LTD. A6-28



	MUAP-10022-P_R2_JET-1
	MUAP-10022-P_R2_20120406R1
	Appendix1_Simplified Blast Wave Model_R1
	Appendix2_Analysis CODE_R1
	Appendix3_Blowdown Analysis_R1
	Appendix4_Simple Beam_R1

	MUAP-10022-P_R2_JET-2
	Appendix5（Frequency of Oscillation）R1
	Appendix6（Example of Structural Analysis）R1




