
Structural Analysis of the Pressurizer Relief Valve Discharge Piping of NPP Angra I 

Prates de Lima, Maria In~s, Kuramoto, Edson and Suanno, Rodolfo 

Eletronuclear, Eletrobrfis Termonuclear S.A., Rua da Candelfiria 65, Rio de Janeiro, RJ, 20091-020, Brazil 

ABSTRACT 

The pressurizer relief and safety valve system provides the reactor coolant system overpressure protection and, 
therefore, it is fundamental for the security of a nuclear plant. This paper suggests some modifications to the original piping 
configuration of the pressurizer relief and safety valve system, in accordance with the recommendations of NUREG-0578 
(TMI-2 Lessons Learned Task Force Status Report and Short -Term Recommendations). These modifications were proposed 
in order to reduce the high stress levels induced by the thermal-hydrodynamic loads caused by the discharge of the sub- 
cooled water during the relief valve opening. The thermal-hydrodynamic loads were calculated using the computer codes 
RELAP5/MOD2, PREPREF and REFORC. Several thermal-hydraulics models were tested considering the influence of the 
seal water heating and the simultaneous opening of the valves to reduce these loads. The piping structural analysis was 
performed using the computer program system KWUROHR 

INTRODUCTION 

The pressurizer relief and safety valve system provides the reactor coolant system overpressure protection and, 
therefore, it is fundamental for the security of a nuclear plant. This paper suggests some modifications to the original piping 
configuration of the pressurizer relief and safety valve system, in accordance with the recommendations of NUREG-0578 [1 ]. 
These modifications were proposed in order to reduce the high stress levels induced by the thermal-hydrodynamic loads 
caused by the discharge of the sub-cooled water during the relief valve opening. 

The thermal-hydrodynamic loads were calculated using the computer codes RELAP5/MOD2 [2], PREPREF and 
REFORC [3]. Several thermal-hydraulics models were tested considering the influence of the seal water heating and the 
simultaneous opening of the valves to reduce these loads. The piping structural analysis was performed using the computer 
program system KWUROHR [4]. 

The proposed piping configuration stresses were in accordance with the requirements of the code ASME-Section III, 
Subsections NB3650 and NC3650 [5]. 

GENERAL ASPECTS 

The Fig. 1 shows the discharge piping simplified flow diagram. The system contains two safety valves (SV), two 
block valves (BV) and two relief valves (RV) in the nuclear class 1 part of the piping. Each safety valve is connected to the 
pressurizer nozzle by a 6-inch (150 ram) pipe. The relief line is also connected to the pressurizer nozzle by a 6-inch (150 ram) 
pipe, which is divided in two 3-inch (80 mm) lines. The safety and relief valves discharge into piping that is routed through a 
common header to a relief tank. The header is a 10-inch (250 mm) pipe which presents a loop before to be connected to the 
relief tank nozzle by a 12-inch (300mm) pipe, as showed schematically in the Fig.2. The Table 1 presents the geometrical 
properties and the design condition of the piping. 

THERMAL-HYDRODYNAMIC FORCES CALCULATION 

General 
The thermal-hydrodynamic forces on pressurizer relief piping were calculated with the RELAP5/MOD2, PREPREF 

and REFORC Code System. 
The relief valve opening was simulated with the RELAP5/MOD2 thermal hydraulic computer program. The results 

of this analysis are given in terms of the time history of the several parameters, such as pressure, liquid and steam densities 
and velocities in many points of the relief line. The PREPREF interface computer program reads the time history from the 
RELAP5/MOD2 output and prepares the REFORC input data which calculates the thermal-hydrodynamic forces. 

Two calculations are presented in this paper: 
Case 1 - The thermal-hydrodynamic forces on the original pressurizer relief piping 
Case 2 -The thermal-hydrodynamic forces on the modified pressurizer relief piping 
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Fig. 1 Simplified Flow-diagram of Pressurizer Discharge Piping System 

Nominal 
Diameter 

(mm) 

Table 1 Geometrical Properties and Design Condition of the Piping 

Class Material 

150 2501 SA-376 
6-inch TP304 

80 2501 SA-376 
3-inch TP304 

80 601 A-312 
3-inch TP304 

150 601 A-312 
6-inch TP304 

250 601 A-312 
10-inch TP304 

300 601 A-312 
12-inch TP304 

External 
Diameter 

(mm) 
168.28 

88.9 

88.9 

168.28 

273.05 

323.85 

Schedule 

160 

160 

40 

40 

40 

Wall 
Thickness 

(ram) 
18.24 

11.13 

5.49 

7.11 

9.27 

Design Condition 
Pressure 

(bar) 
171.3 

171.3 

48.3 

48.3 

40 9.53 

48.3 

48.3 

Temperature 
(°c) 
343 

343 

315 

315 

315 

315 

Programs System Description 
RELAP5/MOD2 is an improvement of the RELAP5/MOD1 Version. This code is used at the Idaho National 

Engineering Laboratory (INEL) for pretest prediction and posttest analysis. 
The RELAP5/MOD2 thermal-hydrodynamic model is a one-dimensional, transient two-fluid model for simulation 

of the two-phase system behavior. It employs three equations (mass continuity, energy and momentum conservation) for each 
phase that could be in/out thermal-dynamic equilibrium. 

PREPREF is an interface computer program that reads the RELAP5/MOD 1 output and prepares the input data for 
the REFORC program. This program was modified to read the RELAP5/MOD2 output. 

REFORC is a computer program that calculates thermal-hydrodynamic forces based on RELAP5 output (time 
history of the flow and state variables). It was developed as one part of the EPRI (Electric Power Research) Pressurizer Water 



Reactor Safety/Relief Valve Test Program. The piping forces equations (wave, blowdown and gravity forces equations) used 
in this program were obtained from an application of Newton's second Law of Motion. These forces must be calculated for 
each volume and the bounding junctions. The net force on the pipe segment will be a summation of the forces on the volumes 
that comprise the segment. 
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Fig 2 Original piping schematic configuration 

Nodalization 
Case 1 - The original relief piping network nodalization is depicted on the Fig. 3. The network was modeled with 

190 control volumes, 2 branches and 3 motor valve RELAP5 components. 



Case 2 - With goal of reducing the thermal-hydrodynamic forces on the piping after relief valves, the horizontal 
loop was removed. Therefore, the network was modeled with 1 69 control volumes, 2 branches and 3 motor valve RELAP5 
components (see Fig. 4). 
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Fig. 3 Original Relief Piping Network Nodalization 
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Fig. 4 Modified Relief Piping Network Nodalization 



Initial and Boundary Conditions 
Case 1 - Pressurizer- saturated steam at constant pressure of 2350 psi (162 bar). 
Piping upstream Relief Valve - The piping from pressurizer up to control volume 18 of the component 12 is filled 

with saturated steam at pressure of 2350 psi (162 bar) and the piping from control volume 19 of the component 12 up to relief 
valves are filled with heat seal water at temperature of 315 °C. 

Piping downstream Relief Valve - The piping from relief valves up to relief tank is filled with air at temperature of 
150 °C and pressure of 700 psi (48 bar). 

Containment-  Constant pressure and quality of 14,7 psi (1 bar) and 1,0 respectively. 
Case 2 - Pressurizer- saturated steam at constant pressure of 2350 psi (162 bar). 
Piping upstream Relief Valve - The piping from pressurizer up to control volume 18 of the component 12 is filled 

with saturated steam at pressure of 2350 psi (162 bar), the piping from control volume 19 of the component 12 up to control 
volume 12 of the component 14 and control volume 6 of the component 19 is filled with heat seal water at temperature of 
315 °C. The component 16 and 21 are filled with cool seal water at 150 °C. 

Piping downstream Relief Valve - The piping from relief valves up to relief tank is filled with air at temperature of 
150 °C and pressure of 700 psi (48 bar). 

Containment - Constant pressure and quality of 14,7 psi (1 bar) and 1,0 respectively. 

Simulation 
The two relief valves opened at 0.0 second, simultaneously, and stay opened until the end of transient (1.8 seconds). 

The safety valves were not opened. 

Results 
Cases 1 -The highest thermal-hydrodynamic forces were calculated after the relief valves, on the elbows pipe loop, 

The time history in the most stressed elbow is plotted in the Fig.5. 
Case 2 - The highest thermal-hydrodynamic forces were calculated on the piping next of the relief tank. 
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Fig. 5 Maximum Thermal-Hydrodynamic Force at the Pipe Loop Elbows 



STRESS ANALYSIS 

Structural model 
The three-dimensional finite beam-elements structural model represents the original piping configuration (Fig. 2), 

and it is based on the piping isometric and specific drawings of pipe supports. The load cases as defined in the design 
specifications [6] [7] combined with the thermal-hydrodynamic loads were considered in the stress evaluation. The piping 
structural analysis was performed using the computer program system KWUROHR in order to satisfy the requirements of the 
appropriate equations of the code ASME Section III, Subsections NB3650 and NC3650. 

Dynamic Analysis 
The thermal-hydrodynamic loads are used as input of the computer program KWUROHR. The dynamic structural 

analysis was performed using the direct integration method, with an integration time step of 0.0008 seconds. The Rayleigh 
coefficients were calculated for 5% of critical damping and for a 80 Hz cutoff frequency. 

Stress Results 
The inclusion of the thermal-hydrodynamic loads in the stress analysis has induced higher stresses than the 

admissible ones at some locations of the original piping configuration, as showed in the Table 2. These stresses, caused by 
the actuation of the internal design pressure, dead weight and thermal-hydrodynamic loads, were evaluated according to the 
Equation 9 of the code ASME Section III (Subsections NB-3650 and NC-3650). 

Piping 
Localization 

(Fig. 2) 
Elbow 

Red. 6"x3" 
Red. 6"x3" 

Table 2 Stresses in the Original Piping Configuration 

Class 1 Piping Non-Nuclear Piping 
Equation 

9 
(N/mm 2) 

249 
197 
193 

Stress limit 
1.5Sm 

(N/mm 2) 
193 
168 
168 

Piping 
Localization 

(Fig2) 
Loop Elbow 
Loop Elbow 
Y connection 

Equation 
9 

(N/mm 2) 
275 
251 
201 

Stress limit 
1.2Sh 

(N/mm 2 ) 
154 
154 
154 

In Table 2, Sm and Sh correspond to the material allowable stresses for class 1 and non-nuclear piping, respectively. 
The overstressed region, for the class 1 piping, is located at the elbow/reduction 6-inch x 3-inch (150mm x 75ram) 

The overstressed region, for the non-nuclear piping, is located at the pipe loop elbows and at the Y connection 10-inch x 6- 
inch (250mm x 150mm) upstream of the relief tank. 

It should be noted that the piping fatigue analysis was conducted in accordance with the code ASME-III, Subsection 
NB-3650. However, as this analysis indicated that the influence of the thermal-hydrodynamic loads was not significant 
compared with the thermal transient, it was not presented in this paper. 

Proposed Modifications 
The overstress in the region of the pipe loop, located above the relief tank, could not be solved only by pipe support 

modifications, due to the high values of thermal-hydrodynamic forces acting at the pipe loop elbows. This paper suggests the 
elimination of the loop by rerouting the piping in this area (Fig. 2) in order to relieve the stress condition. Before making this 
suggestion, physical layout interference was checked and the piping thermal analysis indicated that the elimination of the 
loop would not, significantly, affect the thermal stress level in the system. 

The suggested modifications also include the installation of a vertical dynamic support (snubber) in the rerouted 
loop, the removal of a dynamic support (snubber) in the class 1 piping region and the reinforcement of some existing pipe 
supports. 

A new structural piping analysis was performed according to the same procedure described before but including the 
proposed modifications. Table 3 presents the highest stresses calculated for class 1 and non-nuclear piping. It should be noted 
that the admissible values of the stresses are satisfied for the proposed piping configuration. 
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Table 3 Stresses in the Proposed Piping Configuration 

Class 1 Piping Non-Nuclear Piping 
Equation 

9 
(N/mm 2) 

100 

Stress limit 
1.5Sm 

(N/mm 2) 
168 

Piping 
Localization 

(Fig2) 
Elbow next 
Relief Tank 

Equation 
9 

(N/mm 2) 
110 

Stress limit 
1.2Sh 

(N/mm 2 ) 
154 

CONCLUSIONS 

The thermal-hydrodynamic loads were significantly higher than the ones considered in the original design. 
Consequently, the induced stresses were greater than the admissible ones at some locations of the relief valve discharge 
piping. 

To qualify the relief discharge piping for future operation, some modifications in the original as-built piping and 
supports configurations were proposed in order to ensure that the allowable stresses limits will be satisfied. 
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