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Section 1

INTRODUCTION 

Beginning in July, 1980, Fracture Proof Design Corporation (FPDC) 

began an analysis of the New York Power Authority's (NYPA) Indian Point 3 

Nuclear Power Plant for purposes of demonstrating that no asymmetric 

loads were applied to the reactor pressure vessel (RPV) during a 

postulated LOCA accident. The approach taken by FPDC was to demonstrate 

that even if i) upper-bound loads, that is, loads that are larger than 

Level D or design loads, and ii), large cracks, ranging from 60 to 

greater than 1800 of circumferential length, were present in the reactor 

coolant system (RCS) piping, no instability of the cracks would occur.  

The conclusion of such a postulate is that no instantaneous guillotine 

type break could occur even under the foregoing postulated severe 

conditions. Thus, if no guillotine break occurs, no large LOCA loads 

would be present, and thus, the Indian Point 3 asymmetric load problem 

has been resolved.  

In the summer of 1981, FPDC transmitted the results of the analysis 

of the Indian Point 3 RCS (1) to the USNRC. This was followed by a 

briefing given to the Commission's Staff in September, 1981. At the time 

of the briefing, the Commission indicated, verbally, that it was in 

agreement with the approach taken to demonstrate that no large LOCA loads 

could exist. But, it requested further evaluation of material 

properties. Thus, FPDC undertook a testing program to develop tearing



Page 1-2

resistance data for the primary piping materials and welds, on behalf of 

NYPA. The test program included S-resistance curves and computation of 

the material tearing-modulus for the wrought and cast materials and welds 

thereof that are in the RCS. The test program was completed in the 

summer of 1983 and the results (2) were forwarded to the USNRC for 

review.  

During the period between the original submittal of the analysis of 

the RCS ()and the present time, a number of criteria have been drafted 

for purposes of postulating pipe-breaks in nuclear piping using fracture 

mechanics methods. This activity culminated with the USNRC publishing a 

draft criteria (3) in November, 1983. Between 1981 and the present, 

developments in analysis methodology and concepts were being made. These 

included the work of Paris and Cotter (4I) on the concept of structural 

ductility.  

It is the intent of this summary document to re-evaluate the results 

of the original analysis (1) by incorporating the material resistance 

data developed in the test program (2), to compare the analysis with the 

proposed NRC criteria (3), and finally, to demonstrate the applicability 

of the new structural ductility (4) concepts.



Section 2

STRUCTURAL DUCTILITY CONCEPTS 

The fundamental concepts involved in structural ductility arguments 

were presented by Paris and Cotter (4) and Paris ()and are reviewed in 

this section to acquaint the unfamiliar reader.  

2-1 STORED ELASTIC ENERGY 

Earlier arguments by Nathan Newmark showed that to insure suffcient 

structural ductility, it was necessary to show that a structure could 

absorb (up to) twice its stored elastic energy by a plastic energy 

dissipation mechanism. Paris and Cotter (4j) applied this concept to 

problems involving the integrity of nuclear piping and related the 

Newmark requirement to the tearing modulus (6) approach.  

* ** *PROPRIETARY DATA OMITTED *** 

2-2 STRUCTURAL DUCTILITY 

The foregoing section, describing the absorption of stored elastic 

energy is only one of two portions of the structural ductility arguments 

presented by Paris and Cotter (4). Following their arguments, it is
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noted that the requirement of Equation 2-7 is based on a global energy 

dissipation requirement. The portion remaining is that of a local 

requirement. In structural analyses involving nuclear piping systems, 

the local requirement is met by determining the value of the applied 

J-integral, at the crack section, due to local loading conditions. The 

value for Iapp is readily computed using one or more methods. For the 

purpose of this analysis, the JTPIPE computer program (8) was used. By 

so doing, it is found that the total J at the crack section is equal to 

* * * * PROPRIETARY DATA OMITTED * * * * 

if structural ductility requirements are to be met. An additional 

requirement is that, to insure crack stability, the value of the applied 

tearing modulus, Tapp, must satisfy 

-Tapp < Tmat (2-9) 

where Tapp is computed by use of JTPIPE or by similar schemes, Tmat is 

the value of the material tearing modulus, corresponding to the value of 

japp given in Equation 2-7 and ij is the Newmark factor,

* * * * PROPRIETARY DATA OMITTED * * * *
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Thus, the second requirement to insure structural ductility is 

satisfaction of Equation 2-9, which is simultaneously subject to the J app 

being computed in accordance with Equation 2-7. In other words, the J app 

and Tapp , as developed in Equation 2-8 and 2-9, must be adequately within 

the stable region of a J-T stability diagram.



Section 3

RESULTS 

It was necessary to re-analyze the Indian Point 3 RCS because of the 

development of the new material property data (2,the development of new 

bounding loads as described below, and the development of structural 

ductility concepts (4).  

3-1 ANALYSIS APPROACH 

This sub-section describes the analytical methods used for analyzing 

the RCS.  

****PROPRIETARY DATA OMITTED *** 

3-2 HOT LEG RESULTS 

An isometric view of the RCS is shown in Figure 3-3a, the hot leg of 

the RCS connects the RPV to the steam generator (SG). This is shown in 

elevation view in Figures 3-3b (OMITTED AS PROPRIETARY) and 3-3c, based 

on measurements taken at the Indian Point 3 site (L1), 

* ** *PROPRIETARY DATA OMITTED* **

The total value of J I is represented by the horizontal bar at the limit
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of the vertical line as shown in Figures 3-5 thru 3-7. Using this 

approach, and material data based on deformation theory J, J d stability 

of the hot leg was proven unconditionally.  

3-3 COLD LEG RESULTS 

The plan view of the RCS is shown in Figure 3-8.  

* ** *PROPRIETARY DATA OMITTED *** 

Stability of the cold leg was demonstrated based on tearing stability and 

structural ductility as shown in Figures (OMITTED AS PROPRIETARY).  

3-4 CROSS LEG RESULTS 

The cross leg is shown in Figure 3-16a and its idealization in 

* ** *PROPRIETARY DATA OMITTED *** 

The results, using deformation theory J for the material resistance, are 

shown in Figures 3-17 through 3-19. Again, these represent results for 

60, 120, and 180 degrees, respectively. Stability is again indicated 

even with these unduly conservative assumptions on loading.

. . . NOTE: ALL PROPRIETARY FIGURES ARE OMITTED .+ . +
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CONCLUSIONS 

As a result of performing a tearing stability analysis of and 

developing material property data for the Indian Point Unit 3 Nuclear 

Plant, a number of conclusions were reached. These conclusions 

demonstrated that no asymmetric vessel loads can be expected.  

The basic tearing stability criteria (k), T a ( Tma, was satisfied 

unconditionally, for the case of large circumferential cracks under 

upper-bound loading conditions throughout the reactor coolant system. It 

was demonstrated that under these conditions that no crack instabilities 

would occur for the RCS hot leg, cross leg, or cold leg.  

Further, the additional stability criteria, as defined by the 

structural ductility concepts (4j), q~ T ap< Tma was proven.  

The use of the structural ductility approach was shown to be an 

effective bound to any errors that might occur in a level D or design 

stress or loads analysis.  

The above considerations were shown to be satisfied using lower 

bound material properties developed for the Indian Point 3 RCS. It was 

noted that these material properties varied considerably by product form 

and whether the crack was located in base or weld metal. It was found
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that the material tearing resistance (or toughness) of stainless steel 

piping is an important factor and must be included in any safety 

analysis.  

The USNRC proposed criteria for alleviation of pipe break 

postulation (3) was satisfied by this analysis; plus, additional 

conservatisms were included in the form of structural ductility 

requirements.  

Because no break can occur in the RCS based on the above 

conclusions, it follows that no large LOCA can be expected. Thus, no 

asymmetric vessel loads will occur and, accordingly, no vessel supports 

are required.  

This analysis has met current USNRC criteria (pending) and the 

material data, previouly requested by the USNRC, has been provided.  

Therefore, it is requested that the requirement to install asymmetric 

load supports be eliminated.
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