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U 1.0 INTRODUCTION 

During the criteria and methodology review of the Long Term Service (LTS) 
evaluation of Southern California Edison's (SCE) SONGS-1 plant, the NRC 
raised a licensing issue concerning the effect of inelastic supports on 
safety-related piping systems. This concern is a result of the SONGS-1 
plant having structural steel members which support piping systems and 
which may exhibit inelastic behavior. A second NRC concern is the type 
of analysis methodology used to predict the piping systems' safety 
margins. The name of the analysis methodology used was the "secant 
stiffness" method.  

The secant stiffness method is an approximate method used to analyze 
piping systems with supports on multiple inelastic beams. The NRC is 
concerned with the application, the theoretical basis, and the I justification of the method.  

SCE has addressed this issue through numerous presentations and reports 
to the NRC [References 1, 2, 3, 4, 5, 6, 7). However, the NRC and it's 
consultants still have reservations which need to be addressed. Based 
upon the time constraints regarding the SONGS-1 plant start-up and the 
time remaining to resolve the NRC's concerns, SCE has decided to eliminate 
inelastic beams.  

This report describes SCE's plan to address inelastic beams by: 

34 a) reevaluating the beams to determine their elastic state of stress, and 

b) modifying the beams to strengthen them.  

If a beam is found not to be elastic, then the structural modifications 
will be performed.  

Section 2.0 of this report provides a description of the inelastic beam issue and SCE's program for beam reevaluations, and Section 3.0 describes how the non-qualifying beams will be modified.  

2.0 INELASTIC BEAMS 

Under the SONGS-1 Return to Service (RTS) and LTS seismic programs, several steel beams, which support piping systems, were shown to be inelastic when evaluated by the force/resistance equation defined in R ierence [8]. This equation is based upon the general equation of F/R N 29 -1 proposed in [References 9, 10).  

The number of inelastic beams under this program is 28, and they are located in five areas of the plant: the Reactor Building (RB), the North Turbine Extension (NE), the North Turbine Extension Mezzanine (NEM), the East Heater Platform (EHP) and the West Heater Platform (WHP). All the beams are identified in Table 1 according to their location in the plant through an area abbreviation in their alpha-numeric description. Figure 1 shows a plan view of these plant areas. A total of eleven safety-related piping systems are supported by either a single inelastic beam or multiple inelastic beams.  

II



To illustrate the building location and piping system on each inelastic 
beam, a legend (Figure 2) and a partial plan have been developed for each 
area as follows: 

Reactor Building: Figures 3 and 4 
Turbine Building: North Extension Figure 5 

* North Mezzanine Figure 6 
* East Heater Platform Figure 7 
* West Heater Platform Figure 8 

For instance, in Figure 5 there are two piping systems identified on beam 
NE-B5.2, pipe line SI-51 as a - and MS-01 as a .  2.1 Inelastic Beam Reevaluations 

Most of the 28 inelastic beams were reanalyzed by refined methods to 
accurately determine the maximum stress in each. The beams were 
reevaluated by LTS Project Instructions [Reference 11] and LTS 
criteria [Reference 12), excluding beam ductilities greater than one.  

Some of the methods to be used in the beam reevaluations include: 

a) using the LTS safety-related piping loads 

b) utilizing as-built cross-sectional properties 

c) use of "as-installed" support loading mechanisms (load paths) and, 

d) use of actual beam end conditions (in lieu of assuming pin-pin 
ends), i.e., partial or full fixity.  

The LTS Project Instructions [Reference 11] have been amended to 
include the step-by-step details on how to apply each analysis refine
ment.  

2.2 "Secant Stiffness" Method 

SCE will not use this method.  

3.0 BEAM MODIFICATIONS 

Beams which were not qualified to the elastic criteria described in 
Section 2.1 will be modified. Structural modifications were designed for 
all remaining inelastic beams. The beams were designed for ductilities 
less than or equal to one. All connections and new columns are designed 
per the AISC Specification, Part 1 with a stress allowable of 1.6S per Standard Review Plan requirements, Section 3.8.3,[Reference 13).  
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Typical examples of the types and locations of the structural steel 
modifications are shown in Figures 9 through 12.  

4.0 CONCLUSIONS 

This comprehensive program will resolve all 28 inelastic beams at SONGS-1 
through the method of reanalyzing beams to demonstrate that they are 
elastic, or by structurally modifying the beams to be elastic.  

Table 1 contains the status of the beams and girders under this program 
and the methods used to qualify them.  
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a TABLE 
1 

::STIC BEAMS 

(2) Beam Qualification 
Location Beam No. Ductility Qualification Methods(1) DCP # Modification Remarks 

Reactor Building 
2 RTS-Bl 2.19 Elastic Modified 3016.43 BC 
2 RTS-Bl8 1.50 Elastic Modified 3016.43 BC 

T.B. North Extension 
3 NE-B4.3 1.80 Elastic Modified 3016.44 BC 
4 NE-B4.4 2.72 Elastic ac,d N/A 
5 NE-84.7 2.21 Elastic Modified 3016.44 BC 
6 NE-B4.8 2.15 Elastic a,c N/A 
7 NE-85.2 1.30 Elastic Modified 3016.44 BC 

T.B. North 
Extension Mezzanine 

8 NEM-B2.9 1.03 Elastic Modified 3016.42 & .45 BC 
9 NEM-B4 1.36 Elastic Modified 3016.42 & .45 BC 
10 NEM-B2.10 1.64 Elastic Modified 3016.42 & .45 BC 
11 NEM-B2.11 1.83 Elastic Modified 3016.42 & .45 BC 
12 NEM-B2.2 ~ 3 Elastic Modified 3016.42 & .45 BC 
13 NEM-B2.4 2.82 Elastic Modified 3016.42 & .45 BC 
14 NEM-B2.5 2.47 Elastic Modified 3016.42 & .45 BC 
15 NEM-82.8 ev 3 Elastic Modified 3016.42 & .45 BC 
16 NEM-BS 2.60 Elastic Modified 3016.42 & .45 BC 
17 NEM-B6 1.29 Elastic Modified 3016.42 & .45 BC 

T.B. East 
Heater Platform 

18 EHP-B5 1.32 Elastic ad N/A 
19 EHP-86.2 1.31 Elastic a,b N/A 
20 EHP-B7 1.33 Elastic Modified 3016.46 BC 
22 EHP-824 1.34 Elastic a N/A 
23 EHP-B2 1.91 N/A N/A N/A Spring hangers only 
24 EHP-B4 1.70 Elastic Modified 3016.46 BC 
25 EHP-822 1.61 Elastic a N/A 
26 EHP-83 2.32 Elastic Modified 3016.46 BC 

T.B. West 
Heater Platform 

26 WHP-84.1 1.08 Elastic a,b N/A 
27 WHP-823.1 1.09 Elastic Modified 3016.43 BC 
28 WHP-B6 2.06 Elastic Modified 3016.43 BC 

NOTES: 

(1) Methods GENERAL NOTE: 
a) LTS Safety-Related Piping Loads Beam inertial loadings are based on RTS spectra.  
b) As-built Cross-Sectional Properties LTS-evaluated pipe loads are based on LTS spectra.  
c) End Conditions RTS-evaluated pipe loads are based on RTS spectra.  
d) Weak Axis Load Paths 

(2) Ducility values calculated prior to 
March. 1986 per RTS/LTS criteria.  
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