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STONE & WEBSTER ENGINEERING CORPORATION 

245 SUMMER STREET, BOSTON, MASSACHUSETTS 

ADDRESS ALL CORRESPONDENCE TO P.O. BOX 2325, BOSTON, MASS. 02107 

NEW YORK 
BOSTON 
CHICAGO 
HOUSTON 

DENVER 
CHERRY HILL, N.J. 
PORTLAND, OREGON 

Mr. Harold Denton, Director 

May 18, 1979 

Office of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dear Sir: 

DESIGN 
CONSTRUCTION 
REPORTS 
EXAM !NATIONS 
CONSULTING 

ENGINEERING 

Stone & Webster Engineering Corporation (S&W) and the utility 
companies involved have been working diligently on the 
reanalysis required by the NRC Orders to Show Cause of March 
13, 1979. We have progressed to the stage where substantial 
amounts of data are flowing to the NRC and the process of 
confirming the adequacy of each reanalysis is well under way. 
The Maine Yankee reanalysis required by the Order to Show 
Cause has been completed. Work on the other plants is 
progressing. We have endeavored to do everything necessary 
to assure full compliance with the Orders, including develop­
ment and use of special procedures. Concurrently, we have 
reviewed the evolution and history of our calculational 
techniques to help establish a clear understanding of them by 
all concerned. 

Given the urgency of the situation, we believe that it would 
be helpful to both the ACRS and the NRC to have a summary 
description of our reanalysis activities and procedures and 
a brief report on our findings with respect to the evolution 
of our calculational techniques, particularly with respect to 
satisfaction of the requirements of General Design Criterion 2. 

REANALYSIS ACTIVITIES AND PROCEDURES 

The reanalysis effort has centered around the fact that certain 
piping systems were designed by S&W using a computer program 
(SHOCK II) with a subroutine containing an algebraic intramodal 
force combination in one of the steps. The NRC has contended 
that the use of algebraic summation in this case was incorrect 
(we do not agree) and has therefore required that all systems 
designed with the SHOCK II subroutine be reanalyzed using 
currently acceptable programs. 
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supplied typical problems from each of the affected 
plants to NRC for confirmation using E-PIPE •.. The overall 
verification effort was based on a stringent interpretation 
of Standard Review Plan 3.9.1 and the application of 
verification techniques and procedures beyond those 
generally required of the nuclear industry by the NRC. 

5. Reanalysis of Pipe Stresses 

Following verification of the "as-built" configuration, 
the computer model for the system was recoded, if required, 
and a computer run was made using a verified computer 
program. If the pipe-stress results were within allowable 
limits, the evaluation sequence proceeded to review of 
supports, nozzles, and penetrations (see 6.). If the 
r·esults indicated a possible stress condition in excess 
of allowable, the system model was scrutinized in greater 

/detail, revised utilizing curren~more sophisticated . 
techniques still consistent with the original licensing 
bases, and rerun. If the results still indicated a 
possible stress condition in excess of allowable_, the system 
was analyzed using current methodology, such as amplified 
response spectra with soil-structure interaction, consistent 
with the original licensing bases and with current requirements. 
If this latter rerun does not resolve the problem, additional 
supports or snubbers are considered. 

6. Reevaluation of Pipe Supports, Nozzles, and Penetrations 

Following completion of a pipe-stress run where the 
recalculated loads were within allowable limits, the 
support and end-reaction loadings were tabulated and 
compared with the original loadings. If the loadings 
were equal to or less than the design limits, the supports 
or nozzles or penetrations involved were considered 
acceptable. If the loadings were above the original 
design limits, new calculations or supplements to the 
original calculations were performed, using techniques 
licensed for the uni ts • The i tern was then det.ermined 
to be either acceptable or in need of modification or 
replacement. If nozzle reactions exceeded those initially 
approved, vendors were contacted for approval of the new 
loadings. The vendor either approved the new reactions 
or requested reductions. In the latter case, other system 
modifications were identified and made. 

DEVELOPMENT OF SEISMIC PIPE-STRESS CALCULATIONAL TECHNIQUES 

The use of algebraic summation for combination of intramodal 
seismic forces in pipe-stress calculations has been characterized 
in various ways by government officials and the media. Many of 
the characterizations have been incorrect or misleading. 

From the outset, as stated in public releases, S&W has agreed 
that the SHOCK II subroutine may not always yield results as 
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In view of the seriousness of the impact of the shutdowns and 
the extensive effort required to ameliorate the situation, 
immediate steps were taken upon receipt of the Orders to 
establish the scope of the reanalysis effort, develop work 
plans, organize teams for each project, develop procedures to 
assure a high quality and timely response, and carry out the 

·work expeditiously. 

Over 400 people, operating on a two-shift basis, were assembled 
to gather documentation, perform the analyses, confirm the 
adequacy of the analyses, and verify current as well as 
formerly used computer programs. Project teams and review 
groups were established; administrative and technical procedures 
were developed; orientations were conducted; and schedules of 
activities were prepared and tracked. 

The basic elements of the reanalysis effort are highlighted 
below: 

1. Establishment of Scope of Effort 

Efforts were made to establish the scope of the reanalysis 
effort in conjunction with the NRC and the utilities 
shortly after issuance of the Orders. 

2. Development of Work Plans 

A work plan was developed for each of the five units. 
Each plan consisted of identification of affected systems, 
determination of reanalysis sequence logic, determination 
of project.manpower requirements and potential sources, 
and establishment of service priorities including computer 
use. 

3. Retrieval of Documentation and Establishment of Design 
Basis for Reanalysis 

All available documentation relating to pipe stress and 
pipe supports was retrieved from archives and/or field 
records. This documentation included computer and hand 
calculations, piping design drawings, flow diagrams, 
piping and support sketches, and project job books. 
Extensive field verification was performed to assure that 
the reanalysis effort would reflect the "as-built" config­
uration of the system being evaluated. 

4. Computer Program Verification 

NRC required extensive verification of the calculational 
techniques to be used in the reanalysis. This consisted 
primarily of applying the S&W programs PSTRESS/SHOCK III 
and NUPIPE to standard benchmark problems defined by NRC. 
Another program (E-PIPE) was verified by NRC itself. S&W 
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uniformly conservative as procedures used in the nuclear 
industry today. We believe, however, that the use of algebraic 
summation was an acceptable, common practice at the time it was 
used by us, and that the piping systems designed with the use 
of this method will perform their intended safety functions. 

A review of the history of calculational technique development 
by the nuclear-industry confirms that continuous effort was 
made to better approximate seismic effects since the initial 
modal combination ·"rule" was suggested in 1943. This "rule" 
established an upper bound to maximum seismic response by use 
of absolute value summation. Because this approach was 
considered to be unrealistically conservative, alternative 
techniques have evolved. These include the use of algebraic 
summat'ion, square root of the sum of the ·squares, and various 
com?inations of all three (absolute, algebraic, and SRSS). 

Through the years we have continually modified our calculational 
techniques to lead with advances in both the ·state of the art 
and regulatory requirements. In 1972 and 1973, we started 
using new computer·programs which introduced a number of changes, 
including substitution of a modified square-root-of-the-sum-of­
the-squares •(SRSS) procedure for algebraic summation to combine 
intramodal forces. In late 1974, NRC formally identified specific 
acceptable calculational techniques in Regulatory Guide (RG) 
1.92. Our modified SRSS technique, then already in use, met 
the requirements of RG 1. 92. · 

Then, as now, we recognized the evolutionary nature of computer 
programs and the nature of their use in the overall design 
process. Therefore, we began to employ the revised techniques 
on new projects while we continued to use the previous one on 
certain_projects. In our view, the new techniques provided a 
means for obtaining more uniformly conservative results. That 
is why we adopted them. This does not imply, of course, that 
the previous technique was_ unacceptable. It merely indicates 
that, consistent with sound professional engineering judgment, 
we were employing the most advanced calculational tools. 

The computer programs developed by us and by others are 
calculational tools used to predict forces and resultant 
stresses that may occur during an earthquake. Such predictions 
are an integral, but not necessarily the most important, part 
of the total process of establishing design adequacy of piping 
systems. The present seismic analysis programs utilize more 
refined calculational techniques, but they still provide only 
one stress component among several that must be considered, 
viz., thermal, pressure, deadweight. Furthermore, sy$tem 
modeling and the assumed characteristics of the earthquake 
used for design has greater impact on the solution than the 
method of intramodal force combination. With respect to the 
trend toward more uniform conservatism, it should be noted that 
SRSS, which is deemed acceptable and adequately conservative, 
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is based on statistical concepts and may, in some circumstances,, 
be less conservative than earlier approaches to seismic analysis. 

The evolutionary nature of calculational techniques for seismic 
analysis was similar to the development of other improvements 
in analytical methodologies, e.g., the change from simple hand 
calculations to complex computer codes and from static analysis 
to dynamic analysis. This evolution was accompanied by a 
parallel development of seismic criteria by the AEC and the 
NRC starting in the mid-1960s and continuing well into the 
1970s. There was no specific ASME code requirement for seismic 
design during that period. · 

In response to the recent NRC I&E Bulletin 79-07, additional 
data have been submitted to the NRC which provide< further 
historical information on the various techniques used in 
seismic analysis of piping systems. It appears that a number 
of other responsible organizations have used algebraic 
summation of intramodal forces in a seismic pipe-stress 
analysis for a number of nuclear power plants - perhaps 15 to 
20 plants designed by firms other than S&W. 

CONCLUSIONS 

The efforts we have expended to date have provided results 
from which some general conclusions may now be drawn. While 
it is recognized that the algebraic summation of intramodal 
forces may not always yield results as uniformly conservative 
as the present-day techniques, it was a widely used technique 
acceptable to the profession during the evolution of the art 
of seismic analysis. It is unlikely that major physical 
changes will be required in the piping systems on which it 
was used. It appears more likely that any changes that may 
be required to satisfy current requirements will be confined 
to pipe supports. 

It is a well known and demonstrable fact that piping is not 
particularly sensitive to seismic events. Such simple, 
commonly-used design techniques as fastening equipment and 
restricting the movements of large masses are sufficient to 
assure a high level of integrity. Further, the various 
analytical approaches generally show large differences at 
low stress levels and small differences at high stress 
levels. In summary, virtually any reasonable design approach 
or computer program will ensure a high degree of earthquake 
protection. 

During the late 1960s and early 1970s the use of dynamic 
analysis superseded static analysis and the utilization of 
computers replaced manual techniques. During the same 
period, responsible organizations used algebraic summation 
of intramodal forces in calculational techniques employed to 
determine values for use in seismic design of piping systems. 
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• Most important is the fact that these changes did not replace -
design review·by knowledgeable engineers. This resulted in 
designs no less rugged than past designs, which have withstood 
actual seismic events of great severity. It is noteworthy 
that a number of knowledgeable individuals have observed that 
the designs resulting from techniques employing algebraic 
summation do not appear any less substantial than designs 
res~lting from other techniques. · 

Our present reanalysis effort has demonstrated that,-:the 
differences between the earlier techniques and current pr~ctice, 
resulting from gradual improvement typical of high technology 
developments, do not yield substantially different final 
designs. 

We trust this summary of our reanalysis activity and conclusions 
are helpful to you. 

Yours 




