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1.0 INTRODUCTION 

The Southern California Edison Company (SCE), the principal operating 

licensee for San Onofre Nuclear-Generating Station Unit 1, has submitted 

reports (see references) describing seismic analysis and plant 

modifications which address the plant's capability to withstand a 

postulated seismic loading of a 0.67g modified-Housner ground response 

spectrum earthquake. With completion of these plant modifications, 

SCE has finished the seismic reevaluation of San Onofre Unit 1.  

This Safety Evaluation report describes the staff's review and conclusions 
regarding the seismic capability of San Onofre Unit 1. Previous evaluations 
are referenced as necessary to provide a complete assessment of the seismic 
capability in this evaluation.  

2.0 BACKGROUND 

The San Onofre Nuclear Generating Station Unit No. 1 is one of ten older 
operating plants that is part of the Systematic Evaluation Program (SEP).  
The purpose of the SEP is to evaluate these plants against current 
licensing criteria and to provide integrated and balanced decisions for 
plant upgrading. One of the SEP topics for San Onofre Unit 1 is the 
reevaluation of the capability of the facility to withstand seismic events.  
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San Onofre Unit I was granted a provisional operating license by the 
Atomic Energy Commission on March 27, 1967. In the original seismic 

design, components, systems and structures which were determined to be 

important to the safety of the plant were designated Seismic Category A.  

Specifically, structures, systems and components associated with the 

reactor coolant system, boron injection, safety injection system, and 

residual heat removal were designated as Seismic Category A. The 

design basis used for Seismic Category A was what in today's terminology 

would be consistent with a 0.25g Housner response spectrum operating basis 

earthquake (0BE) and a 0.5g Housner spectrum safe shutdown earthquake 
(SSE). The turbine building extensions, which contain Seismic Category A 

systems and components, were designated Seismic Category B and designed 

to a maximum ground acceleration of 0.2g (static force criteria).  

Seismic Category B was a classification specified by the licensee for 

components, systems and structures that were important to the continuity 

of power generation or whose contained activity was such that release 

would not constitute a hazard.  

During the construction permit application for San Onofre Units 2 and 3, 
new geologic and seismological information was developed for the site.  

As a result, SCE designed Units 2 and 3 to a 0.67g modified-Newmark 

ground response spectrum (SSE) for all safety-related equipment and 
structures.  

Since Unit 1 was originally licensed, a number of structures and systems 
have been added to the plant. The licensee designed these to the higher 
seismic levels consistent with the criteria being applied in the design 
of Units 2 and 3. Specifically, the sphere enclosure building and the 
diesel generators and associated structures, systems and components were 
designed to a 0.67g modified-Newmark response spectrum (more conservative 
than the Housner response spectra).  

In 1973, the licensee initiated a program to reevaluate and modify, as 
necessary, the capability of San Onofre Unit 1 to withstand more severe 
seismic events. The design basis for this program was a 0.67g Housner 
response spectrum. The first phase of this program consisted of 
reevaluating (1) systems and components to prevent a desigp-basis loss of 
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coolant accident, including the main reactor coolant loops and nuclear 
steam supply system (NSSS) components; and (2) the reactor building and 
the containment sphere. Based upon these reanalyses, the licensee 
concluded that the containment sphere, the reactor building and structural 
steel framing have resistance capacities in excess of those required to 
meet the 0.67g Housner response spectrum. Consequently, the licensee 
concluded that modifications to these structures were not necessary.  
However, support modifications in the form of additional seismic 
restraints were required to meet allowable stresses for several of the 
larger NSSS components. These modifications were implemented during an 
outage in 1976-1977 along with other major plant modifications (e.g., 
construction of sphere enclosure building).  

Following initiation of the SEP in 1978, subsequent phases of the seismic 
reevaluation program were incorporated into the SEP. This program 
proceeded in three additional phases: (1) reevaluation of balance-of-plant 
structures; (2) reevaluation of piping and mechanical equipment required 
to shut down the plant; and (3) reevaluation of piping and mechanical 
equipment required to mitigate the consequences of accidents. The 
earthquake input used for this program was also the 0.67g Housner response 
spectrum.  

At a meeting with the NRC staff on May 3, 1982, the licensee presented the 
results of their reevaluation, using 0.67g, for the balance-of-plant 
mechanical equipment and piping required to shut down the plant. The 
results of that evaluation, as documented in an April 30, 1982 submittal 
(Ref. 1), indicated excessive calculated stresses for certain equipment, 
piping and their supports. These high stress values caused the NRC staff 
to be concerned whether existing piping, pipe supports and mechanical 
equipment including anchorage met the original licensing basis of 0.5g.  
This concern was the subject of a meeting between the licensee and the 
NRC staff on May 20, 1982. At the end of that meeting, the NRC staff 
concluded that the licensee needed to provide information that demonstrated 
that the facility met its licensed design basis before the plant could be 
permitted to restart from the outage that had begun in February 1982.  
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By letter dated June 15, 1982, as supplemented by letter dated June 24, 

1982 (Ref. 2 and 3), the licensee stated that they intended to complete 

the analyses and make modifications to the facility to meet the 0.67g 
Housner response spectra ground motion rather than to expend the 

resources required to demonstrate that the facility met its original 

0.5g design-basis. The licensee committed to extend the outage until 

the modifications were completed to upgrade San Onofre Unit 1 to withstand 

the postulated earthquake. Based on those commitments, the NRC issued an 

order on August 11, 1982 (Ref. 4) to confirm that the licensee should 

maintain San Onofre 1 in the shutdown condition until the required analysis 

and modifications were completed and NRC approval was obtained for restart.  

As the licensee undertook these analyses and plant modifications, they 

concluded that the methods and criteria being used would not provide 
substantial additional seismic protection for the cost of the 

modifications being installed. Consequently, in mid-1983, they suspended.  
the seismic upgrade program to reconsider the approach and scope.  
Subsequently, SCE initiated a series of meetings with the NRC management 
and staff to discuss alternative approaches.  

On December 23, 1983, the licensee submitted a program plan (Ref. 5) 
for returning the plant to service prior to completion of the seismic 
reevaluation program. The objective of the proposed "return to service" 
(RTS) plan was to demonstrate that all plant structures, systems and 
components whose failure could cause an accident and/or whose function is 
required to achieve and maintain a safe hot standby condition (Mode 3) 
would be capable of withstanding the postulated earthquake; i.e., a 0.67g 
modified-Housner ground response spectra. The Housner spectra was 
modified for this reevaluation as a part of the staff's evaluation of 
SEP Topic 11-4 to account for uncertainties in a specific frequency 
range of interest (see Section 4.1). This plan also included a set of 
interim evaluation criteria to be applied to the structures (or structural 
elements), systems and components necessary for achieving and maintaining 
"hot standby" conditions following the postulated earthquake.  
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The staff's evaluation of these criteria was addressed in letters dated 

February 8 and August 7, 1984 (Refs. 6 and 7). In those evaluations, 

the staff concluded that the criteria would, when implemented with the 

exceptions and clarifications noted by the staff, demonstrate the 

plant's capability to achieve a "hot standby" condition following the 

postulated earthquake and that this capability was sufficient to support 

plant operation until the overall seismic reevaluation could be 

completed.  

On November 21, 1984, (Ref. 8) the NRC issued a Contingent Rescission of 

Suspension and supporting safety evaluation report addressing implementa

tion of the RTS plan. That action authorized plant operation in accordance 

with its specified terms. In particular, the staff required that the lon1

term seismic reevaluation program and resulting plant modifications be 

completed by the end of the next refueling outage (which began in November 

1985) unless a case-by-case justification for any further extension was 

provided.  

In a submittal dated March 12, 1985 (Ref. 9), the licensee proposed 
criteria and methodology for the long-term service (LTS) seismic 

reevaluation program. Subsequent submittals provided further information 

in support of the licensee's proposal.  

By letter dated September 19, 1985 (Ref. 10), the staff issued a safety 

evaluation of the criteria and methodology proposed for the LTS program.  

That evaluation concluded that the licensee's proposal, as modified by 

the limitations noted, provides a reasonable basis for completion of the 

seismic reevaluation program and for design of any plant modifications 

needed to assure that the plant could withstand the 0.67g modified-Housner 

ground response spectrum earthquake. The staff's evaluation identified 

also those methods which would be subject to case-by-case implementation 

review and those for which staff review was continuing.  

Following the completion of the staff's audit review of the implementation 0 of the LTS methods, the licensee submitted reports (Refs. 11, 12, 13) 
documenting the methods and criteria used for the final qualification 
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analyses, the response spectra and the-detailed scope. These submittals 

documented the changes as a result of the implementation process, the 
audits and of plant modifications.  

3.0 REVIEW PROCESS 

During the course of the staff's review of the licensee's LTS program, 

assistance was provided by several consultants. Attached to this evaluation 

are the technical evaluation reports (TER) and audit reports, prepared by 

the staff consultants, which discuss the detailed results of their review.  

These TERs include comments on the criteria and analysis methods, response 

spectra generation, evaluation results and documentation of confirmatory 

analyses. The audit report summarizes the detailed review of the licensee's 
calculations. The review has proceeded in several stages.  

First, the staff reviewed the licensee's submittals on the proposed 

analysis methods and criteria. Several meetings were held to discuss the 

application of the proposed techniques. Some test problems were developed 

which were analyzed by the licensee using methods proposed for LTS and by 

the staff using alternative methods to validate the methodology. The 

results of this review were issued on September 19, 1985 (Ref. 10). A 
series of audit reviews of the actual calculation records was conducted.  

These reviews focused on, but were not limited to, the areas highlighted 

in the SER as most critical and included numerous case-by-case reviews.  

Additional evaluations were also made for those aspects of the criteria 
and methodology that were not resolved in the September 19, 1985 SER.  

In response to a staff request, the licensee maintained a chart of the 
scope of LTS applications; the final version of this chart was submitted 
in Reference 11. This chart included all the structures, piping and 
equipment within the seismic reevaluation scope; for each component, the 
acceptance criteria, methodology, and related components are identified.  
For example, for each large bore piping problem, the table lists the 
criteria and methodology for piping qualification, including the supports 
and secondary steel beams, and a cross-reference to any valves or other 

equipment within the subsystem. The staff used this chart during the 
audit reviews to identify the cases for detailed review.  
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In addition, the staff performed independent analyses of four piping 

problems relating to the safety injection system and.of the refueling 
water storage tank.  

Following the licensee's implementation of specific plant modifications, 

the staff and its consultants visited the site to view the completed 

modifications. As part of the visit, selected systems and structural 

elements were examined and then checked against the analyses for 

consistency. The results of this review are included in Attachments 

2 and 3.  

As noted in the Attachments, a large number of calculation files were 

audited either in their entirety or in selected areas of interest. In 

some cases, the audit reviews identified methods and criteria different 

from those in the licensee's March 12, 1985 submittal. The methods and 

criteria for the analyses were evolving as a result of the staff's review 

of the licensee's proposals.  

Those criteria and methods ultimately used for qualification of components 
were included in the revised criteria document submitted on May 28, 1986 
(Ref. 12).  

4.0 EVALUATION 

4.1 Ground Motion 

On September 16, 1982 and August 16, 1984 (Refs. 14 and 15), the staff 
issued its evaluation and recommendation for the free field earthquake 

ground motion which should be used for the seismic reevaluation of the 
San Onofre Unit 1 facility under SEP. As recommended in these letters, 
the horizontal component of the postulated earthquake ground motion should 
be 0.67g Housner ground response spectrum with a 10% increase in the 0.07 
to 0.25 second period range and the vertical component should be 0.44g 
Housner ground response spectrum with a 10% increase in the 0.05 to 
0.15 second period range. This ground motion, which is referred to as 
the 0.67g modified-Housner response spectrum, is the required input for 
the seismic reevaluation of San Onofre 1.  
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4.2 Effect of Increased Ground Motion Input on Previous Analyses 

The earlier analyses of the reactor coolant loop and of most structures 

were performed using the 0.67g Housner spectrum prior to issuance of the 

staff's evaluation of the appropriate ground motion for the reevaluation.  

The diesel generator building and the sphere enclosure building, however, 

were designed for the 0.67g modified-Newmark response spectra, which 

envelopes the 0.67g modified-Housner response spectra. Staff evaluations 

on thesestructures were issued by letters dated April 1, 1977 (Ref. 16), 
and April 2, 1976 (Ref. 17), respectively.  

By letter dated August 16, 1982, (Ref. 18) the licensee provided a 

submittal that addressed the effect of the 10% increase on the analyses 

performed using the 0.67g Housner ground response spectrum as input. For 

the reactor coolant loop analysis, the licensee provided a comparison 

between the response spectra generated from time histories used in the 

analysis and the modified-Housner response spectra. This comparison 

showed that the response spectra generated from the time-histories 

envelop the modified-Housner response spectra in the period range of 
interest.  

The staff's November 26, 1982 evaluation (Ref. 19) transmitted a technical 

evaluation report, prepared by a staff consultant, which assessed the 

significance of the increases on the previous structural analyses. This 

assessment considered margins in the analyses as well as the fact that 
many of the structural frequencies are outside the range that was 
increased. Based on this review, it was concluded that the 10% increase 
would not materially affect the results of the seismic reevaluation of 
structures. The existing instructure response spectra were also considered 

to have sufficient margins to accommodate the increases. As noted below, 

many of the instructure response spectra have since been recalculated.  

In these cases, the input was the 0.67g modified-Housner ground motion.  
Based on the above, the staff concludes that the effect of the 10% 
increase in the spectra on the results of the previous analyses has been 
adequately addressed.  
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4.3 Soil Conditions 

4.3.1 Soil Parameters/Foundations 

As discussed in the November 21, 1984 SER (Ref. 8), the review of soil 

parameters for soil-structure interaction analysis and for potential 

settlement was continuing. By letter dated August 20, 1985 (Ref. 20) 

the staff issued a safety evaluation, with a supporting TER prepared by 

the Army of Corps of Engineers, on this issue. As discussed therein, the 

staff concurred with the geotechnical assessment performed by the 

licensee of the in situ and back-fill materials at the site.  

That evaluation also noted that modifications had been completed for 

some components, such as installation of grade beams under the auxiliary 

feedwater pumps and in the switchgear room, and that other modifications 

would be completed as part of LTS. The licensee has submitted a report 

by letter dated June 5, 1986 (Ref. 24), which describes the analyses 

performed for additional foundations on back-fill soil. Modifications 

resulting from this evaluation have been implemented. The staff concludes 

that issues related to back-fill soil and settlement have been adequately 

resolved.  

4.3.2 Soil-Structure Interaction 

As part of the review of the reactor building soil-structure interaction, 

the staff further evaluated soil parameters for the San Onofre 1 site.  

Soil properties representative of the materials supporting the plant are 

needed so that computed structural effects are reasonable. The values 

originally proposed by the licensee were (1) a material damping that 

would be developed by the soil at a major principal strain of 0.1 percent 

(11 percent material damping); (2) an average shear modulus of 1,390 

ksf, with a plus or minus 10 percent variation; and (3) a Poisson's 

ratio of 0.35.  

IO 
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Because the San Onofre plant is founded on the overconsolidated and dense 

San Mateo sand formation (dry density of 123 pcf), the staff suggested 

that the selected damping value could be too high and the modulus value 

too low. Also, because much of the dense San Mateo is saturated, the 

Poisson's ratio could be underestimated. The licensee provided the staff 

with additional information on soil properties in References 21, 22 and 23.  

The licensee demonstrated that the soil modulus value is reasonable by 

performing a dynamic analysis of model foundation field tests using.the 

SASSI code. Free vibration tests were conducted on a few small (10 ft 

diameter) circular foundations in conjunction with the licensing of San 

Onofre Units 2 and 3. The SASSI analysis of these tests matched response 

frequencies when a soil modulus of 2100 ksf was used. Soil shear strains 

in the SASSI model were on the order of 0.001 percent at one radius below 

the bottom of the model foundation. Because soil modulus depends on 

shear strain level, density (void ratio), overconsolidation ratio and 

confining pressure, the staff concurs with the licensee's selection and 

justification of soil shear modulus. The staff also concurs with the 

assumed small variation in soil modulus (± 10%) because the San Mateo 

formation is unusually uniform and well documented by substantial 

foundation investigations.  

An increase in Poisson's ratio increases the dilatational modulus of the 
soil and increases the damping provided to the structure by the supporting 

soil. The increase in modulus due to saturation of the supporting soil 
was evaluated by the licensee and shown to increase the response frequency 

of the reactor building by about 5 percent, which is within the peak

broadening band for this structure. The staff, therefore, concludes that 
the value of 0.35 used for seismic analysis is acceptable.  

The determination of appropriate damping values for the in situ San Mateo 
formation is difficult. Conventional laboratory test procedures and data 

could not be used directly because of sample disturbance. Field vibration 

tests directly on the San Mateo formation yield total damping data at small 
strains; total damping is dominated by the radiation damping component, 
thus the material damping component had to be assessed by idealized 
theoretical calculations. The licensee has performed all reasonable 
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state-of-the-art tests, interpretations, and correlations with research 

results in determining damping values for use in seismic analyses. The 

licensee has also evaluated reactor building effects for different soil 

damping values. As a result of these studies and judgments the licensee 

has limited the soil material damping value to 8 percent at soil strain 

values generated by the 0.67g modified-Housner response spectrum earthquake.  

The staff agrees with the licensees judgment and selection of the soil 

damping values.  

Therefore, the staff concludes that issues relating to soil conditions and 

appropriate geotechnical parameters for analysis are acceptably resolved.  

4.4 Floor Response Spectra for LTS 

Floor response spectra for the reactor building and turbine building 

were generated for the LTS evaluation using the modified-Housner response.  

spectra anchored at 0.67g. The staff's preliminary conclusions regarding 

these response spectra were presented in Section 3.10 of the September 19, 

1985 SER (Ref. 10).. Resolution of open items described in that evaluation 

is discussed below.  

The reactor building and turbine building spectra used in the LTS 

reevaluation program were submitted by letter dated May 28, 1986 (Ref. 13).  

4.4.1 Reactor Building 

For the reactor building, a soil-structure interaction analysis using the 

SASSI computer code was conducted by the licensee. The staff's 

September 19, 1985 SER accepted the methodology but noted that the staff's 
review of the appropriate soil parameters was continuing.  

As discussed above, the staff accepts the soil parameters used by the 
licensee. However, during the review of the resulting floor response 

spectra, the staff noted some anomalous results. In particular, the 

response at the lower levels (including the foundation level) in the 
reactor building was lower than the free field ground motion.  
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This concern was discussed with the licensee who proposed to envelope the 
free field motion and the floor response spectra at lower levels of the 
building. The enveloped response spectra were used for the evaluation of 
subsystems. As a result of the staff's detailed review of the licensee's 
analysis, the staff concludes that the licensee's proposal is acceptable.  

4.4.2 Turbine Building (including extensions) 

For the turbine building, response spectra were generated by a time history 
analysis. The resulting spectra were then adjusted by a correction factor 
to account for the difference between the response spectra generated 
from input time histories and the ground response spectra as a function 
of frequency. The September 19, 1985 SER discusses the staff's review of 
the FLORA computer code and the use of a correction factor to scale the 
floor response spectra generated from the time-history analysis by a ratio 
obtained from the computer code FACTOR, a special version of FLORA.  
By letter dated September 24, 1985 (Ref. 25), the licensee submitted 
further information on the floor response spectra in the turbine building.  

The details of the calculation of the correction factors with FACTOR were 
reviewed as discussed in Attachment 3. In addition, the resulting response 
spectra were compared to previous response spectra for this structure.  
As expected, the new spectra are somewhat lower because the conservatisms 
between the time histories and the required input motion were filtered 
out by this correction factor. The frequencies of the peaks are consistent 
with the previous evaluations considering the'building modifications.  
Based on this review, the staff concludes that these floor response spectra 
are acceptable for the analysis of turbine building piping and equipment.  

4.4.3 Other Buildings 

In other buildings, the floor response spectra that had been presented 
in the licensee's July 9, 1982 submittal (Ref. 26) were revised as 
necessary to account for the effects of back-fill soils (Refs 27 and 28) 
and for the non-linear analysis performed for the fuel storage building 
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(Ref. 29). For the reactor auxiliary building, for the intake structure, 

and for non-structural slabs and equipment foundations at grade, the 

input is the 0.67g ground response'spectra. The staff concludes that 

the spectra for these other buildings are acceptable.  

4.5 Scope 

The scope of seismic reevaluation for LTS includes safety-related 

structures, systems and components required for preventing accidents, 

achieving cold shutdown and for mitigating accidents. The scope also 

includes structures whose failure could affect safety-related 

components, such as the ventilation stack.  

The structures that are seismically qualified are: 

Containment (0.67g Housner, 10% increase addressed) 

Sphere Enclosure Building (0.67g modified Newmark) 

Diesel Generator Building (0.67g modified Newmark) 

Control/Administration Building (0.67g Housner, 10% increase addressed) 

Reactor Auxiliary Building (0.67g Housner, 10% increase addressed) 

Ventilation Equipment Building (0.67g Housner, 10% increase addressed) 

Fuel Storage Building (0.67g Housner, 10% increase addressed) 

Intake Structure (0.67g Housner, 10% increase addressed) 

Sea Wall (0.67g Housner, 10% increase addressed) 

Vent Stack (0.67g Housner, 10% increase addressed) 

Auxiliary Feedwater Storage Tank (AFWST) (0.67g modified Housner) 

Refueling Water Storage Tank (RWST) (0.67g modified Housner) 

Post-Accident Sampling System Structure (0.67g Housner, 

10% increase addressed) 

The systems included in the LTS scope are: 

Reactor Coolant System, including connected piping 

Main Steam System (to the turbine stop valve) 

Main Feedwater System (to the isolation valve) 

Chemical and Volume Control System 
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Auxiliary Feedwater System 

Component Cooling System 

Residual Heat Removal System 

Salt Water Cooling System 

Containment Spray System 

Safety Injection System, including long-term 

recirculation mode 

Post-Accident Sampling System 

Head Vents 

Hydrogen Recombiners 

Containment Isolation System 

Control Room Ventilation System 

Electrical Distribution Systems 

Nitrogen supply to pneumatic equipment 

This scope includes the systems used to remove decay heat immediately 

following shutdown (such as main steam, auxiliary feedwater), and also 

those for reaching cold shutdown (such as residual heat removal).  

Although the reactor coolant pressure boundary is within the scope, 
and thus major leaks are not expected, accident mitigation systems, 

such as safety injection and containment spray, are also included.  

Water sources, i.e., the auxiliary feedwater storage tank (AFWST) for 

steam generator cooling, the reactor water storage tank (RWST) for 

primary system makeup, and access to the ultimate heat sink through the 

salt water cooling system are also included. Support systems, such as 
electrical power, for the front-line systems are also.within this scope.  

It should be noted that some modifications made as a result of the TMI 
Action Plan, such as the post-accident sampling system (PASS), were not 
explicitly reviewed as part of the SEP review. However, these 

modifications were subject to review and inspection by Region V.  

The condensate storage tank (CST), which normally provides an alternate 

source of auxiliary feedwater, has not been seismically qualified. In a 

submittal dated May 19, 1986 (Ref. 30), the licensee addressed the effects 

of failure of this tank on the plant. This evaluation considered whether 
equipment located in the vicinity of the tank was required for safe 
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shutdown or accident mitigation and whether existing flood control features 

were adequate to protect required equipment. The licensee noted that 

there is a large factor of safety for overturning of the tank and therefore 

that the tank would not be expected to overturn as a result of the 

postulated earthquake. However, since the tank may leak, the effects of 

leakage were evaluated. No safety-related equipment is located in close 

proximity to the tank and drains are provided to remove flood waters via 

the intake structure. Based on this information, the staff concludes 

that seismically induced failure of the CST would not prevent safe 

shutdown of the plant.  

The effects of failure of other non-seismically qualified equipment>on the 

plant were previously evaluated as discussed in a November 3, 1984 

(Ref. 31) submittal from the licensee.  

By letter dated June 5, 1986 (Ref. 11), the licensee submitted drawings 

showing the seismic qualification boundaries for piping systems and 

mechanical equipment. This submittal also provided the scope chart that 
lists all plant structures and equipment which are within the seismic 

reevaluation program scope.  

Pumps and valves are identified as active or passive according to their 
required functions. Those components that must operate (active), as 
opposed to providing pressure boundary integrity (passive), must satisfy 
more stringent requirements. The staff reviewed the licensee's 
classification of active and passive equipment. Further, comparison was 
made on a sampling basis among the marked-up drawings, the scope chart, 
the RTS scope, and the systems and components needed for plant shutdown 
and accident mitigation. No discrepancies were found. Therefore, the 
staff concludes that the scope identified by the licensee is acceptable.  

4.6 Structures 

Analyses of plant structures were performed during the 1981-1982 period.  
The results of staff contractor review of these analyses were provided 
to the licensee by letter dated November 26, 1982 (Ref. 19). Open items 
raised in the technical evaluation report were resolved during subsequent 
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meetings as discussed in References 32 and 33. Thus, as noted in the 

staff's November 21, 1984 SER (Ref. 8), the review of structures was 

considered complete except for the issues discussed below.  

4.6.1 Masonry Walls and Fuel Storage Building 

On November 7, 1985 (Ref. 34) the staff issued a safety evaluation on the 

seismic capability of masonry walls at San Onofre 1. The staff concluded 

that there is reasonable assurance that the masonry walls and the fuel 

storage building and its components will withstand the 0.67g modified

Housner response earthquake without loss of integrity or of required 

safety functions. This issue is, therefore, resolved.  

During the audit reviews, the staff and its consultants examined the 

analysis of equipment (such as raceways) attached to masonry walls. In 

particular, the staff noted the use of concrete anchor bolts rather than 

through bolts. As discussed in Attachment 2, these bolts were used only 

for grouted walls reinforced with ductile steel, with conservative 

allowables. Therefore, this issue is satisfactorily resolved.  

4.6.2 Intake Structure 

As discussed in the November 21, 1984 SER, (Ref. 8) structural modifica

tions of the intake structure were required to restore its seismic capability 

following discovery of corroded rebar. By letter dated April 24, 1985 
(Ref. 35), the staff issued its evaluation on the repair project, which 
concluded that the repairs were acceptable. The staff also concluded that 

a surveillance program should be established to check the condition of the 

intake structure each refueling outage. It was further noted that when 

only one side of the structure is dewatered, seismic qualification has not 

been demonstrated. The licensee submitted on October 4, 1985 (Ref. 36) the 

program for periodic surveillance of the intake structure which will be 

completed during each refueling outage. Partial dewatering is done only to 

permit maintenance of the structure and pumps, and thus the time period of 

* operation in this condition is limited. Therefore, this issue is considered 
resolved.  
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4.6.3 Ventilation Stack 

By letters dated August 29, 1984, and October 27, 1984 (Refs. 37 and 38), 

the licensee provided an assessment of the seismic capability of the 

ventilation stack. As discussed in Attachment 3, the analysis shows 

considerable margin to the allowable limits. The staff reviewed this 

information and concludes that the licensee has demonstrated that stack 

collapse will not occur as a result of the postulated earthquake; this 

issue is, therefore, resolved.  

4.6.4 Sea Wall 

As a result of the intake structure degradation, the staff requested the 

licensee to examine the sea wall piles to check for signs of corrosion.  

During the outage that began in November 1985, the licensee performed such 

inspections and, as noted in Reference 39, dated May 6, 1986, only minor 

signs of degradation were found. This issue is, therefore, resolved.  

4.6.5 Turbine Building - South Extension 

By letter dated September 24, 1985 (Ref. 25), the licensee submitted an 

analysis of the south turbine building extension in its present 

configuration. Further information was provided in a letter dated March 27, 

1986 (Ref. 40). Most, but not all, of the structural modifications 

originally identified for this structure in 1981-have been completed.  

The licensee's reanalysis concludes that the structure, including the 

gantry crane, in its present configuration is capable of withstanding the 

0.67g modified-Housner earthquake. The review of this analysis as 

discussed in Attachment 3, indicates that the licensee's analysis is 

acceptable. Therefore, no further modifications are needed and this issue 

is resolved.  

4.6.6 Refueling Water Storage Tank (RWST) 

The licensee's final analysis report for the RWST was submitted by letter 

dated March 31, 1986 (Ref. 41). This analysis supersedes that submitted 

on April 30, 1985 (Ref. 42). The staff reviewed the licensee's analysis 

and also performed an independent confirmatory analysis of this tank as 
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discussed in Attachment 3. The response of the tank to horizontal 

excitation was evaluated by two methods in the confirmatory analysis; a 

frequency-dependent soil impedance approach, like the licensee's analysis, 

and a constant soil spring approach. The results of the first case were 

virtually identical to the licensee's results; for the second case, 

the maximum difference in the results from the licensee's values is 

about 14%. Considering this good agreement, the conservatism in the 

analysis and the margin in the results, the staff finds the licensee's 

analysis acceptable.  

The staff's review of the RWST covered the tank shell (buckling and level 

of principal stress), anchorage, soil pressure, the concrete mat (due to 

a postulated 1.5 inch seismically induced settlement of back fill under 

seismic loading), nozzles and bellows, sliding and overturning stability, 

and the tank roof. The bellows on the 4" and 16" lines from the RWST 

were replaced with bellows that can accomodate the displacement induced 

from settlement or sliding. With these modifications, the staff concludes 

that the RWST will withstand the seismic loads induced by the postulated 

earthquake. The details of the review are discussed in Attachment 3.  

4.6.7 Grade Beams/Duct Banks 

During excavations in 1982, it was found that some back-fill soil was not 

as firmly compacted as originally thought. Foundation modifications were 

performed to accommodate this soil, including installation of grade beams 
under the 480V room floor, under the auxiliary feedwater pumps and under 

motor control center 3. As previously discussed, the staff has accepted 

the geotechnical input parameters used by the licensee. The staff 

reviewed the structural analysis that was provided in submittals dated 

September 24, 1985 and March 27, 1986 (Ref. 25 and 40). The modifications 

are designed in accordance with the ACI 318-77 code. No credit is given 

for support from the back-fill soils. The staff also reviewed the licensee's 

analysis of buried electrical duct banks which are affected by back-fill 

soils. Based on this review (see Attachment 3), the staff concludes 

that the analyses and plant modifications are acceptable.  
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4.6.8 Concrete Strength 

In the analysis of the concrete structures, an increase of up to 50% over 

the minimum allowable concrete strength was proposed. The -licensee 

provided the basis for this increase by letter dated November 21, 1983 

(Ref. 43). Results of tests of actual concrete strengths at 28 days 

after pour for the San Onofre structures showed that the strength at that 

time was higher than the minimum required. The in situ test results were 

reviewed by the staff. Compressive strength of concrete increases with 

age; thus an increase in the allowable strength to account for the 20 years 

since construction is considered justified. Therefore, the staff concludes 

that this assumption is acceptable.  

4.7 Large Bore Piping 

The subsections below discuss issues concerning the acceptance criteria 

and methods of analysis for large bore piping that were not resolved at 

the time of issuance of the September 19, 1985 SER.  

4.7.1 Stress/Strain Correlation 

In Section 3.1.1 of the September 19, 1985 SER, the staff noted that the 

licensee's proposal to calculate strain from the elastically calculated 

stress was acceptable provided that it was consistent with Section NB of 

the ASME code.  

The staff and its consultants have reviewed the proposal contained in the 

licensee submittals of November 1, 1985 (Ref. 44) and March 25, 1986 

(Ref. 45); the details of this review are provided in Attachment 1. As 

discussed in Appendices A and B to Attachment 1, the conversion from 

stress to strain satisfies the staff's position; therefore, the staff 

concludes that the licensee's formulation is acceptable.  

The acceptance limit discussed in the September 19, 1985 SER was 1% strain 

for both carbon and stainless steel. A strain of up to 2% for stainless 

steel was acceptable provided that several possible failuremodes were 
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addressed by the licensee. In the November 1, 1985 and March 25, 1986 

submittals, the licensee described how these checks would be made.  

For example, for a check on compressive wrinkling, the licensee will 

follow the recommendations of NUREG-1061 (Ref. 46), as discussed in 

Attachment 1.  

Low-cycle fatigue is evaluated by a check on the usage factor based on 

the number of cycles of motion. The licensee proposed to use 5 cycles 

of significant motion based on the 0.67g modified-Housner time-histories.  

As discussed in Attachment 1, the basis for the five cycles was evaluated 

and found to be adequate. The usage factor for the earthquake loading 

will be limited to 0.25. The staff finds this acceptable.  

Peak calculated strains in excess of 1% were evaluated on a case-by-case 

basis, as discussed in Attachment 2.  

Non-linear analysis is not as commonly used for nuclear applications 

because such methods demand more careful attention in its use to ensure 

conservative results. Therefore, the staff requested review of the 

strain-based methodology from a noted expert in the field of piping 

analysis, Dr. Rodabaugh. His review results (Appendix B to Attachment 1) 

were used by the staff in assessing the licensee's applications of non

linear analyses. As a result of this review, added margin was required 

for the licensee's evaluation of support loads and piping displacements.  

The staff and its consultants evaluated the applicability of elastically 

calculated results, such as displacement and load, when in the inelastic 

range. To account for the possibility that the inelastic response may be 

higher than predicted by the elastic analysis, factors were applied to the 

resultsprior to comparison to the limits. The basis for these factors, 

which includes test results and engineering judgment, is described in the 

licensee submittals and in Attachment 1. For example, a factor of 3.3 is 

applied to the calculated displacement; if the resulting displacement is 

greater than one inch, a walk down of the line is performed to ensure that 

no nearby equipment or structures could be impacted by the subject pipe.  
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Loads on supports and flanges, and acceleration for valves were checked 

for a margin requirement that linearly increases from a factor of 1.0 at 

1% strain to 2.7 at 2% strain. The staff concludes that the above factors 

provide adequate margin such that the analysis results are acceptable.  

4.7.2 Multiple-level Response Spectrum (MLRS) Analysis Method 

For some piping problems, the.licensee has proposed to perform 

multiple-level response spectrum (MLRS) analyses using the SUPERPIPE 

computer code. In the September 19, 1985 SER, the staff accepted use 

of this method subject to satisfactory results of the benchmark review.  

By letter dated November 5, 1985 (Ref. 47) the staff issued its evaluation 

of the benchmarking of this computer code for MLRS analyses. The staff 

found use of this code acceptable subject to the recommendations on 

response combinations provided by Volume 4 of NUREG-1061 (Ref 46). In 

particular, grouping effects should be combined by absolute summation.  

All of the cases analyzed with this technique used absolute summation 

of the group responses. Therefore, the staff finds this acceptable.  

The licensee had also proposed to use MLRS with Code Case N-411 damping 

(PVRC damping). As noted in the September 19, 1985 SER, the staff had 

some reservations about the resulting margin when combining these two 

approaches. Thus, a detailed review of the application was considered 

appropriate.  

By letter dated March 10, 1986 (Ref. 48), the licensee provided a submittal 

which compared the MLRS methodology with envelope response spectrum 

techniques to demonstrate that MLRS with PVRC damping provides adequate 

margin. In addition, the calculations for plant piping qualified by this 

technique were reviewed by the staff during the audit reviews. The 

results of this review are discussed in Attachment 2. Based on these 

results, the staff concludes that the licensee's proposal for MLRS with 

PVRC damping, for the specific combinations that were used, is acceptable 

for use for San Onofre 1.  
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4.7.3 Energy Balance Method 

The licensee had initially proposed to use the energy balance method to 

evaluate piping, particularly for cases where a pipe support could poten

tially fail. As discussed in the September 19, 1985 SER, the staff raised 

several questions concerning the application of this technique. The 

licensee ultimately elected not to use this technique for qualification of any 

piping within the program scope. Therefore, no further review of the 

energy balance method was conducted.  

4.7.4 Secant Stiffness Method 

In order to consider the softness of the pipe support steel beams when 

they experience a limited degree of inelastic behavior (ductility factor 

up to 3), the licensee proposed to use the "secant stiffness" method for 

piping analysis. As dicussed in the September 19, 1985 SER, the staff 

agreed that the theory associated with the technique appears to be 

reasonable. However, the overall functional capability of the piping 

system and the supporting structure after the postulated seismic event 

is a major concern. This subject has been discussed in several review 

meetings. As a result, because of the uncertainties involved in the 

analysis and the variety of the configurations (both structures and 

piping systems), the staff believes that the licensee and its consultant 

could not reasonably demonstrate the function of the systems if some of 

the pipe supporting beams behave inelastically under the seismic loadings.  

Consequently, the licensee elected not to use this technique for 

qualifying any piping systems within the program scope and decided to 

either demonstrate the beams will behave elastically or upgrade them.  

Therefore, further review of the secant stiffness method was not conducted.  

4.7.5 Alternate Techniques 

The licensee had proposed use of non-linear time history analysis and the 

similarity method as possible analysis methods for some cases, if needed.  

Subsequently, the licensee elected not to use these approaches. Therefore, 

no further staff review of these methods was necessary.  
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4.7.6 Confirmatory Large Bore Piping Analysis 

Four piping problems, SI-51, SI-04, SI-158 and SI-51 (tubing) were selected 

for confirmatory analysis. This piping problem includes safety injection 

piping from the safety injection pumps to the reactor cold leg (one loop).  

Pipe supports of two of the systems were also subjected to confirmatory 

analysis.  

A response spectrum analysis was performed by the staff's consultants for this 

piping system (see Attachment 4). The methodology is similar to that used 

by the licensee.  

Based on the comparisons between the licensee's analyses and the 

Attachment 4 results, the staff concludes that the licensee's criteria 

and methodology are in keeping with the SEP guidelines and current 

industry practice and are acceptable.  

4.7.7 Summary for Large Bore Piping 

Based on (1) the staff's review of the licensee's criteria and methodology 

for large bore piping, (2) the audits of the calculations, and (3) the 

confirmatory analysis, the staff concludes that the licensee has 

demonstrated that large bore piping within the reevaluation program 

scope will withstand a 0.67g modified-Housner response spectrum earthquake.  

4.8 Small-Bore Piping 

As discussed in the September 19, 1985 SER, the proposed walk down approach 

(criteria and method) for qualification of small-bore piping was considered 

acceptable contingent upon the acceptability of the review results of the 
supporting confirmatory analysis. The licensee submitted its confirmatory 

analysis results on April 30, 1985 (Ref. 42). In order to provide a stronger 

basis for the acceptability of this approach, the staff performed an 

independent confirmatory analysis for the piping problems. In addition, 

the staff also conducted an audit of the licensee's applications of this 

method to ensure that the proposed approach was properly implemented. The 
licensee submitted a report describing the methods and criteria used for 

-23-



small-bore piping on May 6, 1986 (Ref. 49). As a result of the staff's 

review, and based on the favorable comparison of the calculated piping 

stresses, the staff finds that the use of a walk down approach for 
qualification of small-bore piping is acceptable (see Attachment 1).  

Further, as noted in Attachment 2, the licensee's implementation of 

methods and criteria for small bore piping is acceptable.  

4.9 Pipe Supports 

Review criteria and methodology for pipe supports were previously addressed 
in Section 3.3 of the September 19, 1985 SER. For several of these 

criteria, the staff concluded that a case-by-case review was appropriate.  
Attachment 2 provides the detailed results of these reviews. The staff's 
conclusions are summarized below.  

4.9.1 Structural Steel 

The criteria for evaluation of structural steel are provided in the 
revised criteria document, Reference 12. The staff accepted use of 
ASME Level 0 limits, a screening limit of 1.3 times yield stress, and a 
ductility ratio of less than three in the September 19, 1985 SER. The 
application of these criteria was reviewed during the audits as noted in 
Attachment 2 and found to be acceptable.  

4.9.2 Concrete Anchor Bolts 

The licensee's proposed allowable loads for concrete expansion anchor 
bolts are the manufacturer's reported ultimate capacity with a minimum 
factor of safety (FOS) of 4 for wedge type anchor bolts and a FOS of 5 
for shell type anchor bolts. These criteria are in conformance with 
the requirements of the SEP guidelines (Ref. 55), and, therefore, are 
acceptable to the staff. For some existing anchor bolts, the licensee 
proposed an overall FOS greater than 2 on individual anchor bolts. The 
staff concluded in its September 19, 1985 SER that this criteria was 
acceptable provided that load redistribution effects were adequately 
addressed.  
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Application of the criteria was evaluated during the audit reviews 

(Attachment 2). The licensee's initial interpretation of load 

redistribution effects was not acceptable to the staff because of the 
assumptions made about load carrying capability of the bolt with a FOS 

between 2 and 4. Subsequently, as discussed in Attachment 1, an 

acceptable approach was developed, which includes assurance that adjacent 

supports remain elastic and inspection of the bolting. Acceptability of 

this criteria was based, in part, on test results of anchor bolts of the 

type used at San Onofre 1, as documented in Reference 50. A FOS between 

2 and 4 for anchor bolts was used on a limited basis (4 cases) and such 

calculations were subjected to a case-by-case review. Based on the 

discussion in Attachments 1 and 2, the staff finds this acceptable.  

4.9.3 Catalog Items 

Some cases of existing catalog items (i.e., components qualified by 

catalog values) with a FOS of 2 on manufacturers allowables were evaluated 

on a case-by-case basis. As discussed in Attachment 2, in a few instances, 
use of the FOS of 2 was not accepted by the staff; however, in these cases, 
the component was qualified using alternative analyses, based on current 
industry practice, which were acceptable. Therefore, this issue is 
resolved.  

4.9.4 Welds 

The licensee submitted information on welding practices by letter dated 
April 16, 1986 and May 19, 1986 (Refs. 51 and 30). Based on this 
information, and on the audit reviews (Attachment 2), the staff concludes 
that the weld strength always will be greater than the base metal strength 
and, therefore, that use of the base metal strength for full penetration 
weld qualification is acceptable.  

- 25 -



4.9.5 Gang Supports 

As discussed in the September 19, 1985 SER, the licensee's approach for 

gang supports was to combine the loads by absolute summation unless the 

piping responses were shown to be uncorrelated, in which case, the loads 

would be combined by square-root-of-the-sum of the square (SRSS) method.  

The staff found the licensee's proposal acceptable provided that any 

cases where loads were combined by SRSS were shown to have pipe-to-pipe 

frequency differences of more than 10%. As shown in Attachment 2, all 

cases for LTS were evaluated using absolute summation. Therefore, this 

issue does not apply.  

4.9.6 Seismic Anchor Movements (SAMs) 

During the audits, the staff identified that the seismic anchor movement (SAM) 

effect for the piping analysis was being addressed by the licensee by 

using one-half of the SAM load obtained from the building analysis (using 

the 0.67g modified-Housner Response Spectra as the input ground motion) 

in the Equation 10 of the ASME code. This is not acceptable to the 

staff for two reasons: (1) as allowed by the ASME Code, the Operating 

Basis Earthquake (OBE) SAMs could be included in the Equation 10 

evaluation; however, the 0.67g modified-Housner ground response spectra 

was not defined as the safe shutdown earthquake (SSE) at the site, 

but the ground motion accepted by the staff for the reevaluation of 

the plant facilities; and (2) one-half of the calculated SAM loads could 

not be treated as the OBE SAM loads, because the structural damping 

ratios used for OBE building analyses would be lower than these used 

in the LTS program (i.e. the OBE SAM loads would be underestimated if 

one-half of the calculated SAMs were used). *The licensee then proposed 

to use the full calculated SAM values in Equation 10 of the code. This 

is acceptable to the staff and, therefore, this issue is resolved.  

The details of the audit are found in Attachment 2.  

4.10 Secondary Steel 

The steel structural members used to support safety-related piping systems 

are defined as "Secondary Steel Structures." The acceptance criteria for 
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secondary steel were discussed in Section 3.4 of the September 19, 1985 

SER. As noted therein, some non-linear response was considered acceptable, 

provided that evaluations are performed on a system-wide basis of the 

piping, supports and connections to confirm system integrity. Staff 

concerns relating to such evaluations were discussed in letters dated 

August 7, 1984 and November 22, 1985 (Refs. 7 and 52).  

By letter dated May 28, 1986 (Ref. 12), the licensee provided a report 

which described their appoach for qualification of secondary steel 

members. As discussed therein, all secondary steel members 

have either been shown to be or have been modified, such that they remain 

elastic under the seismic loading. However, as discussed in Section 6 

of Attachment 3, two follow-up concerns were raised by the staff: (1) 

the adequacy of the piping analysis performed before the modifications, 

because the structure would be significantly stiffened by the new 

modifications and, in turn, the floor response spectra used for the piping 

analyses would be affected, and (2) the adequacy of secondary steel 

members, i.e., are there any steel members stressed beyond elastic limits 

under the seismic loading. The licensee provided its responses to these 

concerns by letters dated May 28, 1986, June 5, 1986 and June 19, 1986 

(Refs 13, 11 and 57). New instructure response spectra were computed for 

the mezzanine level of the turbine building considering the modifications.  

The mezzanine framing and systems supported on the mezzanine level were 

reevaluated. The stress levels for structural steel members satisfied AISC 

code requirements. Therefore, the staff concludes that the concerns expressed 

in Section 4.7.4 above and in the references, regarding overall capability 

of the piping and support structures and the staff followup concerns are 

resolved.  

4.11 Raceways 

The criteria for evaluation of raceway supports are described in licensee 

letters of April 12, 1982, October 2, 1984, and May 6, 1986 (Refs. 53, 

54 and 49). As discussed in Attachments 1 and 2, these criteria are 

generally consistent with industry practice and were properly implemented 

in the licensee's evaluation. Therefore, the staff finds them acceptable.  

- 27 -



4.12 Mechanical Equipment (Including Supports) 

The review under this section covers pumps, valves, heat exchangers, filters, 

and building-founded tanks. The proposed evaluation criteria (ASME Code, 

1983 Edition, Summer 1983 Addenda with Level D service limits for inactive 

items and Level C service limits for active items) are acceptable to the 

staff as discussed in the September 19, 1985 SER.  

During the audits, the licensee's calculations were reviewed (see 

Attachment 2). The staff concluded that these calculations were performed 

in accordance with the criteria and methods previously accepted by the 

staff and, therefore, they are acceptable.  

4.13 Electrical Equipment Anchorage 

The anchorage of electrical components has been addressed in several 

licensee submittals as noted in the November 21, 1984 SER. The criteria 

used were primarily based on the 1978 AISC specification and on the 

IEEE 344-1975 standard. The allowable loads for concrete anchor bolts 

are in conformance with the SEP guidelines. Equivalent static analysis 

techniques were used. The above methods and criteria are acceptable to 

the staff. Based on the audit results (Attachment 2), the application of 

these criteria and methods in the analyses was found to be acceptable.  

Apart from the seismic upgrade program and the Contingent Recission of 

Suspension, there remains a generic issue concerning seismic qualification 

of equipment in operating nuclear power plants. The licensee proposed, by 

letter dated May 19, 1986 (Ref. 30), to address the staff's concerns 

regarding the overall structural integrity of the electrical components, 

(e.g. the adequacy of the internal devices, and the load path from internal 

devices to the anchorage) as part of the implementation of NRC Unresolved 

Safety Issue A-46. Experience from major earthquakes has shown that large 

industrial facilities have significant seismic resistance capabilities.  

Almost all seismically induced equipment failures in such facilities 

have occurred because the components were not adequately anchored to their 

foundations. As noted above, the equipment anchorages at San Onofre 1 

have been found acceptable. Therefore, this approach is acceptable to the 
staff.  
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4.14 Penetrations 

The methods and criteria for penetrations were accepted by the staff in 

the September 19, 1985 SER subject to confirmation of applicability of 

methods to the actual configuration as part of the audit. The analysis of 

penetrations was reviewed, as discussed in Attachment 2. As discussed 

therein, the applicability of the Bijlaard Methodology was found 

acceptable. Some issues were raised concerning combination of nozzle 

loads between inside and outside containment. These concerns were 

satisfactorily resolved during the audits, as discussed in Attachment 2.  

This issue is therefore resolved.  

4.15 Buried Piping 

As discussed in the licensee's submittal of June 19, 1986 (Ref. 57) the 

buried cast-iron piping in the salt water cooling system has been replaced.  

The new piping was designed for the 0.67g modified-Housner response 

spectrum ground motion with SEP guidelines. This issue is resolved.  

4.16 Trunnions Attached to Pipe Elbows 

The issue of pipe elbow trunnions was first raised by the staff during a 

December 1-3, 1982 meeting (Ref. 32). The licensee responded to the 

staff's concerns through the letters dated November 21, 1983 and June 14, 

1984 (Refs. 43 and 56). As discussed in Attachment 1, the licensee has 

fully addressed the staff's concerns and, therefore, this issue is resolved.  

4.17 Review of Return-to-Service Evaluations 

Some methods and criteria that were accepted by the staff on an interim 

basis for the return-to-service program were not considered appropriate 

for long-term plant operation. The licensee reviewed the RTS evaluations 

to identify such instances, and the piping or equipment was requalified 

using LTS criteria. These requalifications were reviewed during the staff 

audits. One issue was raised, where equivalent-static hand calculations 

were used for large bore piping. The staff had accepted this method for 
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small-bore piping during the audit review but had concerns that it may 

not be adequate for large bore piping. However, a comparison to finite 

element calculations for the general piping configurations that had been 

analyzed by that technique confirmed the conservatism in the methodology.  

The use of hand calculations for large bore piping was included in the 

revised criteria document (Ref. 12). Therefore, this issue is resolved.  

5.0 CONCLUSIONS 

The licensee has completed a program of seismic reanalysis of safety

related structures, systems and components and has performed the field 

modifications identified as a result of that reevaluation. The scope 

of the program includes systems within the reactor coolant pressure 

boundary as well as systems required for reaching and maintaining cold 

shutdown and for preventing and mitigating accidents.  

Based on the staff's review of the licensee's long-term service seismic 

reevaluation plan, and the detailed audits of its implementation, the 

staff concludes that the LTS has been properly implemented such that 

there is reasonable assurance that the plant can safely withstand an 

0.67g modified-Housner response spectrum earthquake.  

Therefore, the staff concludes that the licensee has complied with the 

terms of the November 21, 1984 Contingent Recission of Suspension.  
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I.  

SUMMARY 

The initial USNRC Safety Evaluation Report (SER) covering the Long 

Term Service (LTS) Criteria and Methodology for the San Onofre Nuclear 

Generating Station Unit 1 (SONGS 1) was published with a number of 

unresolved issues pending. These involved some of the criteria and methods 

for piping and piping supports, electrical raceway supports and electrical 

equipment supports. All the SER issues within the scope of -his document 

have been resolved, with the results presented here. Three other issues 

are discussed. The first, concerning electrical equipment, was included in 

the LTS review by the Return to Service review of SONGS 1. The second, 
cc.:erninc pipe support concrete anchor bolt criteria. was generated durng 

tne LTS calculation audits. The third, concerning pipe support trunnions 
at:ached to elbows, was generated during the Systematic Evaluation Program 

(SEP) review conducted prior to the beginning of the Return tc Service 

(RTS) program. All of these issues were resolved.  
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TECHNICAL EVALUATION REPORT FOR THE SAN ONOFRE NUCLEAR 

GENERATING STATION UNIT 1 

SEISMIC CRITERIA FOR LONG TERM SERVICE 

FOR PIPING, MECHANICAL EQUIPMENT. ELECTRICAL EQUIPMENT AND 

RACEWAYS, AND ASSOCIATED SUPPORTS 

1. INTRODUCTION 

In November of 1984, San Onofre Nuclear Generating Station, Unit 1 

(SONGS 1) resumed power operation in accordance with specified terms 

(Reference 1), the terms being implementation of the Return to Service 
(RTS) Plan. Plant operation was authorized provided tnat a seismic 

evaluation program be completed and resuiting plant modifications be 

implemented prior to start-up from the the cycle IX refueling outage. The 

Long Term Service (LTS) Plan is intended to demonstrate capability to reach 

and maintain a cold shutdown condition, including capability for accident 

mitigation, in the event of the reevaluation basis earthquake, the 0.67 g 
modified Housner earthquaKe.  

Southern California Edison Co. (SCE), the licensee, has formulated the 
LTS plan and is now seeking approval of the plan from the Nuclear.  

Regulatory Commission (NRC). Two meetings were held (in Rosemead, 
California on February 12, 1985 and Bethesda, Maryland on February 27, 
1985) at which SCE presented a summary description of the LTS plan to the 

NRC staff and their consultants. This was followed by a formal submittal 

of the LTS Plan (Reference 2). As a result of the meetings and review of 
the submittal, several issues were identified wnere the criteria and 

methodology differ from current industry practice as expressed in the 

Standard Review Plan (NUREG-0800, Reference 3), the NRC Regulatory Guides, 
the criteria developed as a result of-the NRC Systematic Evaluation Program 

(SEP, References 4 and 5), and LTS requirements developed during the RTS 

review process (Reference 6). Issues associated with the proposed criteria 
and methodology were identified and discussed in Reference 7.  

I.I 
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This was followed by a series of submittals.and meetings dedicated to 

the resolution of the issues (References 8 through 15). The results of 
this process were reported in a Safety Evaluation Report (the September, 

1985 SER, Reference 16). This SER was published before all of the issues 

could be fully resolved in order to allow the analyses subject to the 

criteria and methodology to begin. The resolution of some of the issues 
identified in the September, 1985 SER as incomplete is the topic of the 
sections which follow in this report. These sections include a 
cross-reference to the pertinent sections of this SER as an aid in tracing 

issues. Some of the unresolved issues identified in the September, 1985 
SER are not discussed here because they are beyond the scope of this work.  
T.eir resolution is discussed in other Technical Evaluation Recorts issued 
by other NRC consultants. In addition, all audit and case-by-case review 
work done to satisfy the September, 1985 SER requirements has been included 

in an audit report published in the same time frame as this report. These 

topics are not discussed here. Three additional issues discussed here are 

not related to the September, 1985 SER. The first, concerning electrical 

@euipment and anchorages, was raised in the SCNS 1 RTS Program SER 

(Reference ). The second, concerning pipe support concrete anchor bolt 

criteria, was generated during the audit of LTS calculations. The thIrd , 

concerning pipe support trunnions attached to elbows, was cenerated during 
the Systematic Evaluation Procram (SEP) review conducted prior to the 

beginning of the RTS program.  
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2.' RESOLUTION OF ISSUES 

2.1 Large-Bore Pioing Strain Issues (3.1.1) 

Section 3.1.1.2 of the September 1985 SER made the acceptability of 

the equation proposed for the calculation of strain used in evaluating 

large-bore pipe contingent upon its being consistent with Section NB of the 

ASME Code. A comparison of the equation, as defined in Reference 17, with 

the Section NB requirements was made. The results of the comparison, which 

are presented in Appendix A to this report, indicate that the equation is 

consistent with Section NB of the ASME Code, and is acceptable on that 

basis.  

Section 3.1.1.1 of the September, 1985 SER identifies five failure 

mechanisms which must be addressed if the criteria allows strains between 

1% and 2%. These mechanisms are identical to those identified in Volume 2 

of NUREG-1061 (Reference 18) as the failure mechanisms which nonlinear 

oicine analysis should ensure against. They are: 

The onset of olastic tensile instability 

2. Low-cycle fatigue or plastic ratcheting 

The onset of local or system buckling 

4. Excessive deformation (resulting in more than a 15% reduction, or 
less as required by system performance, in cross-sectional flow 

area), 

5. Functional failure of pipe-mounted equipment.  

- In response to these requirements, the licensee added two additional 

checks (Reference 17) to the equation evaluated in Appendix A. The local 

buckling concern was addressed by an additional limitation on the 

calculated strain. The check limited the strain to less than one-fifth the 

pipewall thickness to mean pipe radius ratio. This limitation is a 
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consultant recommendation found in NUREG-1061 (Reference 18). The 

low-cycle fatigue concern was addressed by a fatigue check based on Markl's 

correlations on moment loading fatigue tests, which are also the basis for 

the ASME Class 2/3 stress intensification factors. This check involves a 

calculation of the seismic usage factor using Markl's correlation with the 

number of cycles for the earthquake set at five. The calculated usage 

factor would be limited to 0.25. The usage factor was found to be 

reasonable, but the number of earthquake cycles was questioned.  

Section 3.9.2 of NUREG-0800 (Reference 3) requires ten maximum stress 

cycles in the absence of an analysis of a. synthetic time history used for 

system analysis to provide a basis for fewer cycles. The licensee provided 

such an analysis in Reference 17. This was reviewed from the viewpoint 

that it should be a production analysis and four differences were noted: 

The analysis was one-dimensional, had a four second duration, was done 

using a time history corresponding to the 0.67 modified Housner ground 

spectrum with input accelerations increased by a factor of 7.85. Each of 

these differences was conservatively evaluated in terms of the change in 

'input acceleration required to compensate for it. Assuming two equal 
horizontal and a vertical input at 2/3 the horizontal, the one-dimensional 

input needed to be 1.56 times the three-dimensional horizontal input to 

obtain equivalent response. Considering the fifth power relationship 

between stress and the number of cycles to failure in the Markl 

correlation, the input acceleration needed to be increased by a factor of 

1.20 to obtain in 4 seconds what would be obtained in 10 seconds without 

the factor (10 seconds is the minimum NUREG-0800 duration). Using peak 

spectral acceleration as a basis, the input ground spectrum needed to be 

increased by a factor of 1.73 to obtain a response equivalent to that for 

the most severe in-structure spectrum calculated for SONGS 1. Since the 

product of these three factors, 3.24, is considerably less than the 7.85 

increase in input acceleration actually used, the analysis done is 

conservative in comparison to a production analysis. Therefore this 

analysis can be accepted as a basis for using 5 peak stress cycles in the 

fatigue check, per the requirements of Section 3.9.2 of NUREG-0800. The 

concern about functional failure of pipe mounted equipment is alleviated 
because the methodology is not proposed for use with the nozzles of 

mechanical equipment, which includes all line mounted equipment. Stress 
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levels for the nozzles are limited to the SEP allowable stresses. This 
limitation on stress would also implicitly limit accelerations imposed on 
the equipment, so that the loadings on line mounted equipment would not be 
increased as a result of the strain criteria. The remaining concerns are 
addressed by the limitation on strain represented by the .original strain 
criteria. The test results indicated in Reference 17 demonstrate that 
piping systems will not buckle, suffer plastic tensile instability, or 
suffer excessive deformation under dynamic loads at the strain criteria 
limit. The strain criteria, supported by the two additional checks, meet 
the September, 1985 SER requirement that the five failure mechanisms be 

orevented.  

The final aspect of the strain criteria discussed here is not 

explicitly discussed in the September, 1985 SER. These criteria have been 

evaluated as nonlinear from the regulatory viewpoint. Nonlinear criteria 
are not controlled to as fine a level of detail by regulation as are linear 
criteria. Therefore, the evaluation of nonlinear criteria depends more 

heavily on a concensus process. To support this process an additional 

review was performed by another NRC consultant, the results of which are 

presented in Appendix B. These results indicated a need to provide 

additional conservatism in the calculation of support, fiance and valve 

loads and system displacements using a linear analysis methodology applied 

in the rance of plastic response between 1% and 2% strain. The licensee 

acreed to provide additional conservatism for system displacements in 
Reference 17. This was done, and the results were audited and found 

acceptable. The requirement for additional conservatism for support loads 

was included in the criteria used for case-by-case reviews of the strain 
applications between 1% and 2% performed by the author of this recort.  

This requirement has been met. Results of the audit and case-by-case 

reviews are contained in an audit report published in conjunction with this 

report.  

The licensee has modified the strain criteria and methodology to meet 

the requirements of the September, 1985 SER, and these criteria and 
methodology are acceptable.



2.2 Small-Bore Piping Confirmatory Analysis Review (3.2) 

Secticn 3.2 of the September, 1985 SER makes the final acceptance of 

the small-bore piping criteria and methodology contingent upon 

acceptability of a confirmatory analysis provided in Reference 11. Review 
of the analysis showed that it contained analyses of all of the 

permutations of piping geometry included in the criteria, and a range of 
pipe sizes representative of the population of small-bore pipe sizes in 
SONGS 1. A finite element analysis, per the large-bore criteria and 
methodology was performed. Stress results from the finite element analysis 
were comoared to stresses calculated using the small-bore criteria and 
methodology. The comparisons demonstrated the acceptability of the 
small-bore piping methodology.  

One change was made in the criteria. The original allowable stresses 
were written in terms of the RTS large-bore piping allowable stresses.  
These were revised to correspond to LTS allowable stresses. Based on the W favorable comparison between small-bore and large-bore (finite element) 
methods of calculating stress, this is acceptable. The September, 19E5 SER 
requirements have been met.  

2.3 Pipe Suoport Weld Criteria (3.3.4) 

Section 3.3.4 of the September, 1985 SER makes acceptance cf the pipe 
suoort weld criteria contingent upon the licensee providing reasonable 
assurance that the weld material strength is greater than or ecual to that 
of the base metal.  

An associated issue was raised during discussion of the pipe support 
weld criteria. This issue related to the possibility that brittle welds 
may have been created in stainless steel piping because of the use of 
either submerged arc or flux core welding on the piping. Both of these 
issues were resolved in References 19 and 20. The Procedure Qualification 
Record for A-36 steel pipe support welds presented in Reference 20 
demonstrates that,the weld metal is stronger than the base metal. In 
Reference 19, a list of all piping welds procedures used at SONGS 1 is 
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presented, along with a designation description that identifies the type of 

weld used in each procedure. This demonstrated that neither submerged arc 

nor flux core welding was used on any SONGS 1 piping. The September, 

1985 SER requirement and associated requirements have been met.  

2.4 Electrical Raceway Analysis Methods and Criteria (5.) 

As noted in Section 5 of the September, 1985 SER, the review of 

electrical raceway and support analysis methods and criteria (provided in 

Reference 12) was incomplete at the time of its publication. This review 

has been completed, with the following results.  

Review of the raceway support evaluation criteria and methods yielded 

the following. Allowable stresses are consistent with the provisions of 

Section 3.9.3 of NUREG-0800 (Reference 3), which are invoked by 

Section 3.10 of NUREG-0800. Although Section 3.10 pertains to mechanical 

and electrical equipment only, it is applicable to the review of raceway 

supports because of the similarity between such supports and some of the 

electrical equipment supports covered by Section 3.10. Concrete anchor 

bclt allowable stresses are based on a factor of safety of 4.0 for wedge 
type and 5.0 for shell type anchors. This is consistent with current 

industry practice, as expressed in IE-Bulletin 79-02 (Reference 21), and is 

acceptable. The static and dynamic analysis methods are acceptable based 

n ospondence to Regulatory Guide (R.G.) 1.100, an ancillary document 

to Section 3.10 of NUREG-0800. Damping values of 7% for conduit and 15% 

for cable trays were proposed. R.G. 1.61 defines an acceptable damping 

value for bolted structures of 7%. Since conduit supports are bolted, the 

7% damoina value is acceptable. R.G. 1.61 also allows the use of damping 

data higher than specified, provided the data used is supported by 

documented test data. A substantial test program was undertaken, as 

documented in Reference 12, which demonstrated that a 15% damping value for 

cable trays is acceptable.  

The adequacy of the raceways is ensured by the application of a 4 in.  

lateral deflection limit. This criterion is based on the test results 

presented in Reference 12. The test configuration of most interest here 
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consiste.d of a four tier cantilevered support raceway system typical of the 

raceway systems found at SONGS 1. The first three layers were cable trays, 

with the bottom layer (furthest from the support base) consisting of 

multiple conduits. Realistic and severe dynamic tests were performed, with 

resulting relative deflections above 4 in. occurring. Although there was 

localized plastic response, buckling of the cable tray side rails, the 

trays did not collapse. Static relative deflections of up to 5 in. were 

also applied, with the same results. Continuity testing was performed 

before, during and after the raceway system testing, with no loss of 

function (continuity loss or shorting) observed. These test results 

provide an adequate basis for the raceway deflection criteria.  

The review results indicate that the electrical raceway criteria and 

methods are reasonably consistent with current industry practice, and are 

acceptable on that basis.  

2.5 Electrical Equipment Methods and Criteria 

As noted in the Return to Service (RTS) SER (Reference 1), 

modifications to electrical equipment supports had been completed prior to 

the initiation of the RTS program. It further stated that detailed review 

of methods and criteria would for analyzing equipment and supports be 

completed under the Systematic Evaluation Program (SEP) seismic review.  

The review of criteria and methods for equipment anchorage has been 

performed using the same regulatory guidance as used for electrical raceway 

supports. Allowable stresses and analysis methods are consistent with 

Section 3.10 of NUREG-0800. Concrete anchor bolt criteria (4.0/5.0 Factor 

of Safety) are acceptable per IE Bulletin 79-02. Damping values, 4% for 

welded and 7% for bolted anchorages, are consistent with Regulatory 

Guide 1.61. The review of criteria and methods for the equipment will be 

incorporated in the Unresolved Safety Issue (USI) A-46 Program, as 

discussed in Reference 20. The equipment anchorage criteria and methods 

are reasonably consistent with current industry practice, and are 

acceptable on that basis.  
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2.6 Pipe Support Concrete Anchor Bolt Criteria 

Audits of calculations involving application of pipe support concrete 

anchor bolt criteria resulted in a difference of opinion betwen the auditor 

and the licensee in interpreting the criteria. To resolve this problem, 

the licensee proposed a revision to the criteria. This was presented at a 

meeting held October 8-11, 1985. The handouts pertaining to this proposal 

are attached in Appendix C. A Factor of Safety (FOS) of 2 would be 

applied, provided that: 

1. The base plate in question has at least four anchor bolts, and 

not more than half are simultaneously subjected to tens ile loads 

2. Loads greater than that associated with FOS = 4 are redistributed 

to adjacent supports 

3. Adjacent supports remain elastic and, if appropriate, meet the 

FOS = 4 under the new load 

4. The anchor bolts meet visual and ultrasonic (for embedment) 

requirements.  

This proposal was supported by the following evidence. Recent analysis of 
anchor bolt test data by the Seismic Qualification Utility Group (SQUG ) 
predicted a failure rate of 1% for FS = 2. Tests of anchor bolts in 
SONGS 1 concrete all showed slip (noncatastrophic.) type failures. The 
SONGS 1 test results, documented in Reference 22, are stanificant because 
they show that concrete anchor bolts are capable of carrying limited load 
following the onset of slippage. Following the proposal, a review of the 
basis for the FOS = 4 criteria was undertaken. It was found (Reference 23) 
that approximately half of the FOS of 4 was specified to accommodate two 

effects associated with seismic loads: degradation (cracking) of concrete 

due to the earthquake, and degradation of anchor bolt response due to 
dynamic loading relative to that of static loading. In addition, no 

consideration was given for the potential of the associated piping system 
to accommodate degraded performance of isolated supports. Based on this, 
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the proposed criteria were accepted. A case-by-case review was performed 

to establish that either (a) the associated piping and supports have 

sufficient margin to compensate for degradation of performance of the 

subject support, or (b) the support is located in an area where significant 

cracking of the concrete is not likely. This case-by-case review has been 

performed, with the results documented in the audit report discussed in 

Section 1.0 of this report. The review established that at least one of 

the criteria (a) and (b) above was met in every case, and that the 

application of the F5S 2 criteria was acceptable in every case.  

2.7 Pioe Suooort Trunnions Attached to Elbows 

One of the issues raised during the Systematic Review Program (SEP) 

review concerned the use of pipe support trunnions welded to elbows 

(References 24, 25, and 26). The problem with this practice is that 

neither the ANSI nor the ASME piping codes contain stress intensification 

factors (SIF) and flexibility factors for such components. The licensee 

proposed methods for calculating the SIF and accounting for lack of a 

:erined flexibility factor in a letter (Reference 25). These methods were 
found acceptable in an NRC meeting summary (Reference 26), except for one 
cetail. The licensee had committed to removing all rectangular trunnions, 

and all circular trunnions with a diameter less than one-half that of the 

elbcw. The NRC meeting summary indicated that all circular trunnions with 
:ameter creater than one-half the elbow diameter should be removed. Te 

issue has since been reviewed in terms of this difference of copinion. with 

the conclusion that the orcoosal to remove all circular trunnions of 

diameter less than one-half that of the elbow, as stated in the licensee's 
letter, is correct. One assumption of the piping codes is that bending 

moments predominate over axial loadings in piping components. The codes 

make note of this assumption, and place responsibility on the piping 

analyst to ensure that it is correct. In the particular case of a pipe 

support trunnion attached to an elbow, this assumption may be questionable 

where the elbow diameter is significantly larger than the trunnion . diameter. This is because the axial load in the trunnion is controlled by 
the code limitation placed on bending moment developed in adjacent piping 
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components as a result of the axial load. If those associated components 

le are of a significantly larger diameter, a disproportionate axial load may 

be developed in the trunnion. This could result in a "punch through" type 

of failure in the elbow. Maintaining comparable trunnion and elbow 

diameters would prevent this type of failure. Therefore, the proposal made 

in the licensee's letter (Reference 25), which was confirmed to be 

completed in a later letter (Reference 27), is acceptable.  

K.1



3. CONCLUSION 

All issues in the scope of this report have been resolved. The 
criteria and methods for piping and piping supports, electrical raceway and 
equipment, and supports have been modified as necessary and reviewed 
sufficiently to meet the requirements of the current LTS and previous SERs.  
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APPENDIX A 

TECHNICAL EVALUATION OF THE STRAIN BASED METHODOLOGY 

PROPOSED BY SOUTHERN CALIFORNIA EDISON CO.  
FOR USE IN SEISMICALLY QUALIFYING THE LARGE-BORE 

PIPING OF THE SAN ONOFRE NUCLEAR GENERATING 

STATION UNIT 1 FOR LONG-TERM SERVICE 

Southern California Edison Company (SCE) has proposed the following 
methodology for calculating strains to be used in conjunction with the 
large-bore strain criteria of the San Onofre Nuclear Generating Station 
Unit 1 (Reference 1 on page A-9): 

Calculate a total strain accordino to: 

total = Ks Km OE 

where 

PO (Ma + Mb) 
cE . .7: 51 72 

is ~a Class 2/3 stress based on the 1980 Edition, 
Winter 1980 Addenda of the ASME Bciler and Pressure Vessel 
Code (ASME Code). All terms are defined there.  

K = 1.0 for 3.4 c S Sy (3) 5 

=(1 - n) 3.4 cE - .  
n(m - 1).0 -or Sy < 3.4 :-..Sy 

y 

= 1/n for mSy < 3.4 8 

Ks is similar to K as defined in Section NB-3653.6 of s e 
the 1983 Edition,, Winter 1984 Addenda of the ASME Code.  
The difference is that Sn/3Sm has been replaced by



3.4 oE/Sy, where Sy is the ASME yield strength at 

temperature. Table NB-3228.5(b)-1 provides values of m 

and n.  

K = 1.0 Carbon Steel m 
2.0 Stainless Steel 

E = Young's Modulus at temperature.  

The total strain is then compared to a maximum allowable strain to 

determine acceptability. These strain limits are defined in Reference 2: 

.for carbon and stain1ess steel, with an extension to 2% for stai rss 
steel allowed, provided that additional requirements are met. The 
requirements are defined in Reference 2, as are the criteria and 
methodology applicable to the calculation of the elastic stress, c,.  
Reference 2 also requires that this methodology be consistent with 
Section NB of the ASME Code for acceptability.  

Evaluation of the proposed methodology w il consist of an examinatzon 
zf each term in Equation (1) above. Where possible, the evaluation-will 
include direct :ompari son to current ASME methodology per the Reference 2 
requirements. The first term to be examined is 0_. Its suitability is 
based on the form of the criteria. Since it is an ASME Class 2/3 term, it 
represents a calculated principal stress. It is more suitabIe than the 
equivalent Class 1 term, which expresses Principal stress intensity,'and 
therefore does not correspond as well with the criteria. As an exoression 
of primary plus bending stress, c, is more appropriate than a peak 
stress expression because of the ASME practice of allowing local distortion 

severe iow probability events such as earthquakes. The 1 and 2% 
allowable strain values specified also indicate that the primary plus 
secondary stress term is more appropriate than a peak stress term.  

The next term to be evaluated is K . Its function in Equation (1) s 
is to correct the linear-elastically calculated stress, OE, for plastic 
response. In this, it is similar to the Ke term defined in NB-3653.6 of 
the ASME Code. Since these two terms are similar not only in function, but 
also in form, the evaluation of K will be based on a comparison to 
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J K. In the area of function, k differs from K in two ways. First, e s e 
Ke is used in evaluating thermal loads, which are secondary, while K 
is used in evaluating seismic loads, which are defined as primary loads in 
current ASME methodology. This is significant because the treatment of 
primary loads is more conservative than that for secondary loads. However, 
there is evidence that the K term provides conservative results at the 
component level regardless of whether the loading is displacement or load 
controlled. The results presented in the figure in Reference 1 entitled 
"Strain Concentration Effect: (Experimental)" indicate that K is e 
conservative for both load and displacement controlled loading. The 
Addendum to Volume 2 of NUREG 1061 (Reference 3) contains the results of a 
detailed and extensive investigation into the effects of strong-motion 
earthquakes on industrial (B31) piping. Reference 4 describes the testing 
of a prototypical nuclear piping system to seismic acceleration levels well 
above those to which it was designed. Both of these references indicate 
-that piping has seismic margin far in excess of that credited by current 
methodolocy. One source of this margin could be damping. As the pipin: 
svstem response increases past the point where plastic response initiates 
in te limiting components, the damping associated with such response could 

come into play, limiting further increase in system response, and leading 
to a rapid attenuation of response back to the elastic range. Such a 
mechanism would be intrinsic to the piping material and would be-present in 
all piping systems. This is consistent with the field experience presented 
in Reference 3 and with the test results presented in Reference 4. Note 
that the relatively low damping levels reported in Reference ' were limited 
to maximum acceleration levels asscciated with the Design SSE. This is 
important because the anomaly in the test results is associated with 
acceleration levels far in excess of Design SSE levels. Input acceleration 
levels must be sufficiently above the SSE levels to account for the known 
margin in the current ASME methodology before observable damage (plastic 
deformation) can be expected. That such acceleration levels were applied 
wtthout observed damage is anomalous.  
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The only other mechanism which could explain these results, load 
redistribution resulting from plastic response, is associated with piping 

system configuration (geometry and support location), and is therefore not 
necessarily present in all piping systems. If this mechanism were the 

source of excess margin, it should have been identified by Reference 3.  
Among the large number of piping systems surveyed, there must have been 
systems which could not respond via load redistribution, and supports which 
would have failed as a result of the load redistribution. That no such 
failures were identified is clear evidence that material damping is the 
source of excess margin. This being the case, treatment of the seismic 
inertia loading as secondary is reasonable because the material damping 
cacability is intrinsic to all piping systems.  

The second difference between the function of K and K is that 
s a K is used to correct an elastic peak stress intensity for plastic 

response, while Ks is used to correct a principal, primary plus bending 
stress. This difference can be decomposed into twc parts: the difference 

*between stress intensity and principal stress, and the difference between 
peak and primary plus tending stress. Stress intensity provides a more 
accurate description of three-dimensional stress states than principal 
stress, ahd would therefore provide a more accurate Prediction of plastic 
response. The difference between peak andprimary plus bending stress will 
be examined in terms of the corresponding strains. The peak strain occurs 
a: a coint in the section, as op:osed to the primary plus bending strain, 
which is obtained by an averacino process across the section. As the 
loading on the section increases through the ocint of initial yielding, the 
peak strain will experience a larger excursion from the linear-elastic 
reference than the Primary plus bending strain because of the averaginc.  
As the loadino is further increased, the excursion of the primary plus 
bending strain from the elastic reference can be expected to approach that 
of the peak strain, but because of the averaging process, it would not 
exceed the peak strain excursion. Based on these two arguments, the 
application of a peak stress intensity correction factor to a principal, 
primary plus bending stress is acceptable.  
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In form, K differs from K in the independent variables used to s e 
calcuate t. Ks is a function of Class 2/3 parameters, while K e 

depends on Class 1 parameters. The difference in form between K and 
5 

K will be evaluated based on the idea that, given the same component 
e 

with the same moment loading, the K term should be equal or conservative 
5 

relative to the K term. Conservatism requires that e 

K K . (4) s E 

Figure 1 shows the functional form of K (and K e). As shown in Figure 1, 
Equation (4) will be met for a specific component with a specific loading if 

3.4 oE Sn (5) 
Sy 3S5m 

Utilizing the fact that all the terms are positive, Equation (5) can be 

rewritten as 

This form, with a ratio of calculated stress divided by a ratio of 

allowable stress, is convenient for the evaluation. Table 1 shows that, 
based on the pcpulation of piping materials used in the plant a,.hr 

operating temperature ranges, the term 35m/Sy varies from 1.71 to 2.72.  

(Note that Sm should be based on design and not operatina temnperature.  

This was not done due to a lack of data, but is essentially neclecting a 
conservatism cf the ASME Code, and should result in a small error). he 

ratio Sn/3.4 a requires a bit more work. From NB-36 3.1 of the WS4 

ASME Code, 

PoDo 00Mi C Sn =C +C +om C E (6 T -6T )'(7) 1 2t 2 21 3 ab('a a 'b b 
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To avoid an involved and time-consuming population calculation, the 

assumption that the earthquake load is strongly predominant is made. This 

allows: 

1. Neglecting the pressure term 

2. Neglecting the thermal term 

3. Setting Mi = 2M [Mi is the Class 1 full-range moment. M is 

the Class 2/3 half-range moment. One implication of the 

assumption is that inclusion of the deadweight load, M in a 
Equation (2), is negligible. This allows the simplification 

M = Ma + Mb].  

Note that Item 2 above is reasonable only if there are no severe thermal 

transients occurring during the earthquake. This is the situation during 

normal operation. Also note that neglecting the deadweight load is 

reasonable because the proposed methodology limits this load to ASME 

Level A allowable stresses. An application of the assumption to 

Equatilons (2) and (7), in combination with the fact that 

= 21/Do (8 

results in 

M 

and 

Sn =C 2M (0 
2M 

Division of Equation (10) by Equation (9) gives 
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A Ub/2//86 WCB Doc 1047k Disk. Job 25119 Proof did 

Sn - 0.59C2 
34 a 0.75i E 

Table 2 presents the range of Sn/3.4 E calculated for a range of 
components allowed by the ASME Code. This is a conservative representation 
of the population of components in the plant. Based on Table 2, a range of 
0.59 to 1.71 has been chosen for Sn/3.4 ca. Reducers have been 
neglected in the range because of the disparity in maximum values. The 
very large ratio for reducers reflects the large allowable variation in 
geometry, and does not represent the oozulation of reducer ceometries in 
the Plant. It is certainly a too conservative representation or tne rance 

of other component types. Based on the chosen range of the stress ratio, 
and noting that all combinations of component type and material are likely 

to occur in the plant, the range of (Sn/3.4 oE)/(3Sm/Sy) is 0.2 to 1.0.  

This shows the calculation of K is conservative in comparison to that 
s 

of Ke 

The next factor in Equation (1 to be examined is K . This factor m 
came about as a result of a request that SCE confirm the methodoccOy by an 
application of it to existing test results. When this was done, the 
comparison for carbon steel showed good results, but the stainless steel 
results showed the predicted strains to be low by a factor of 2. This led 
to the K term. (Ncte that the EG&G exoression of Equaticn (1) is not 
identical to SCE's, but is algebraically equivalent). Although this 
difference may come from the unavoidable inclusion of Peak strain effects 
in the experimental results (strain gages are surface mounted), it could 
also result from the fact that tne definition of the yield stress for 
stainless steel, as compared to that for carbon steel, is more of an 

artificial construction. Stainless steel does not have as well-defined a 
yi-eld point as carbon steel. In any case, the correction does achieve the 
desired result.  

Since the term-by-term examination of the proposed methodology was 
favorable, the methodology is consistent with section NB of the ASME Code, 
and does meet the requirements of Reference 2. It is acceptable.
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if 3.4aE/Sy a Sn/3Sr 
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Figure 1. Functional relationship: Ks (Sn/3Sm) & Ks (3.4aE/Sy) 
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TABLE 1. VARIATION IN MATERIAL PROPERTIES FOR SONGS 1 PIPING MATERIALS AND 
OPERATING TEMPERATURES 

Material ToF SY Sm (3Sm/Sy) 

A312 TP304L 100 25.0 16.7 2.00 
200 21.3 16.7 2.35 

TP304 100 30.0 20.0 2.00 
575 18.5 16.7 2.71 

TP316 100 30.0 20.0 2.00 
570 19.1 17.3 2.72 

A106 GrB and A53 GrB 100 35.0 20.0 1.71 
(using SA-106) 340 30.6 20.0 1.96 

545 27.2 18.2 2.01 

Total Range (1.71 - 2.72) 
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TABLE 2. VARIATION IN STRESS PARAMETERS FOR TYPICAL PIPING COMPONENTS 

Range of 
0.59C 2/max 

Comoonent (1.0, 0.75i) Pertinent ASME Code Sections 

Straight pipe 0.59 Table NB-3681(a)-1 
Figure NC-3673.2(b)-1 

Girth butt weld 
t 2 0.237 in. 0.59 Table NR-3681(a)-1 
t < 0.237 in. 0.41 to 0.59 Figure NC-3673.2(b)-1 

Girth fillet weld 0.78 to 1.24 Table NB-3681(a)-1 
(socket weld) Figure NC-3673.2(b)-1 

Figure NC-4427-1 

Welded transition 0.87 NB-3683.6 
NC-3673.2 

Reducers 1.51 to 4.30 NB-3683.6 
Figure NC-3673.2(b)-1 

LR elbows 1.71 NB-3683.7 
Figure NC-3673.2(b)-1 

Branch connections 0.90 to 1.57 NB3683.8 
("stub" tyoe) Figure NC-3673.2(b)-1 

Forced tees 1.18 to 1.57 NB-3683.9 
Ficure NC-3673.2(b)-1 

Total range 
(excluding reducers) 0.59 to 1.71 -

a. The 1983 Edition, Winter '34 Addenda of the ASME Code was used 
throughout. This is not strictly correct, since (0.751) should be based on 
the 1980 Edition, Winter 'S0 version. However, the error is necligible.  
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4625 CEMETERY ROAD* HILLIARO, OHIO 43026 
. 614/876-5719 

November 29, 1985 

Dr. T. M. Cheng 
Phillips Building 
US Nuclear Regulatory Commission 
ashington, DC 20555 

Subject: San Onofre Unit 1, Stress-Strain Correlation 
for Large Bore Piping Seismic Analysis, 
Meeting with Applicant, Bethesda, 11/26/85 

Dear Tom: 

Prior to the 11/26/85 meeting, 1 reviewed documents sent to me by Mark 

Russell. (E&G Idaho) in late Ctober, 1985. In particular, I reviewed the 

Southern California Edison Company Report No. 01-0310-1459, October 7, 1985, 

"San Onofre Nuclear Generating Station Unit 1, Long Term Service Seismic Re

valuation Program, Technical Basis for Stress-Strain Correlation", herein

ter referred to as the Report.  

The Report, page 4, shows alternative pathways to evaluaticn of pipimg sys

te= acceptance. My comments concern the pathway "!5 < strain limits", but the 

e cuaticm for calculating e sbown on p. 1 of the Report, and its definitiCns, 

"s an essential part o that pathway. Since that equation is a 1980 ASMZ Ccde, 

Section III, Eq. (9), I will refer to it as Eq. (9).  

Prior to the 11/26/85 meeting, I prepared the enclosed seven pages of notes.  

These were discussed with the Aplica..nt at the 11/26/85 meeting. t isy under.  

standing that the Applicant comitted to revise the Report, as he deemed appro

priate, to respond to my comments. This letter is written to expand a bit on 

my notes.  

Page 1 of my notes gives examples of how much the Report strain limits will 

increase the allowable o'e as compared to 1980 Code r-limits. For carbon steel



-2

h e increase over Level D limit, is by a factor of about 1.5; for sta in1less steel 

by a factor of about 2. With respect to the S2? limit of 1.8Sh for Class 1 pip

ing, the increases are by factors of about 2 and 2.6 for carbon and stainless 

steel, respectively. Because the Applicant proposes to use PVRC damping, the in

creases, as compared to prior seismic analysis methods and e-limits, might be 

another 30% more.  

Whil e these increases are substantial" and should be accompanied by apprc

priate consideration of piping syste effects, we deem that the proposed strain 

and equivalent m 'e-limits are a step in the direction of :rcviing re reliable 

piping systems.  

Page 2 of my notes sum=arizes my views on the conditions under which the pro

posed limits are acceptable for evaluation of piping pressure boundaries, except 

o2.Ited-flaged joints. Page 7 of my notes picks up on non-pressure-boundary as

pects and bolted flanged joints. Folloving are comments cn the seven ites on 

?age 2 cf my notes.  

(1) Equation (9), p. 1 of Report, contains ? and M. loadings which are differ

ent than typical earthquake loads. 1 view the strain lizits as questicrnable 

for P, M, l1adings and want to provide assurance that ost of r is due to X,, 

(2) I have not limited this to envelop response spectrum methods. :n my view, 

?VRC ca:ing is appropriate with the ":ul.ti.evel response spectum =at dry 

(3) Page 3 of my notes in intended to show that the proposed O'-limits could e 
lead to buckling (compressive wrinkling) under static moment loading and 

might do so under earthquake loading. This is not to say that bucklin l 

occur but rather, in our present state of knowledge, it would be prudent to 

limit application of the high 0'-limits to DO/t ' 50. As indicated cn the



top of p. 5 of my notes, the :lit which the Applicant proposes to use for 

strain >0.01, in fact, limits D/t to 40 at 6 =0.01.  

(4) These are intended to explicitly state what, I presume, is the intent of 
& 
5) the Applicant. Bob Bosnack brought up the point that the Applicant should 

review welding procedures used at SONGS-1 to obtain assurance that the weld

ments, as well as base aterials, are reasonably ductile.  

(6) I brought up this item because the Report is not clear on just what would 

be done. The verbal response at"the 11/26/85 meeting was that they wculd 

comply with the NC-3600 (Class 2 piping) of the Code; i.e., either put SA..'s.  

in Code Eq. (9) or in Code Eqs. (10) and (11). With the strain lizits on 

Eq. (9), it will be less restrictive than Code Ecs. (10 and (77). I view 

putting SAM's in Eq. (9), with the strain limits, as acceptable for 50NGS-1 

evaluations.  

7 The Report (p. 13) indicates that a fatigue check mi be made wher using 

strain li=its greater than 0.01 for stainless steel. The lower portion of 

p. 5 of my notes represents my quick look at the question: should a fatigue 

check be ade even for & & 0.01? This cuesticn involves the assumed n==ber 

of "signf.icant" cycles anticipated from the earthquake. The Report, p. T8, 

states: 

'... the number of significant cycles for Mod iied :cusner a=th
quake (n) vill be assumed to be 5. 7his value was rec-=-ended as 
a realistic esti=ate in (8].  

Reference 8 is NUREG 1061, Vol. 2. Knowing the somewhat "cff-the-top-c-the

head" basis for n = 5, I raised the question (2)(c) on p. 6 of my notes.  

Hopefully, the Applicant will provide a bit more quantitative defense of 

* See following on p. 6 of my notes 
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n 5. This doesn't mean that Itinkn 5 is a bad assumption but what 

worries me a bit is that for the Modified Housner Earthquake n =20 might 

be a more defensible assumption. That assumption, of course, is directly 

involved in my question of whether a fatigue check should be made even for 

5 0.1.  

From my quick look at the question, I am not sure of the ansver. .Pre

sumably, the Applicant will either refute the need for my item (7) or in

clude it in some form in his revised Report.  

Paze 3 of my notes 

This- data quantifies my concern about using the strain limits for M loads A 
(item 1 of page 2) and the Do/t lii-t (item 3 of page 2). It also is relevant 

p. 7 of my notes.  

.Se 1 of mv notes 

"""s data quantifies my concern about using the strain limits for M leads A 
(it: 1 c-. page 2) and is relevant to p. 7 of my notes.  

?aze 5 of =y notes 

These v been previously d.iscussed 4n cocnecticn with i-e-s 3 and 7 on 

page 2 of my notes.  

Fa.re6of rv notes 

Item (1) has been discussed in connection with ite 6, page 2 of my notes.  

Item (2), (a)-(d), are perhaps semantics or editorial. However, I read this 

portion of the Report as saying that either the Option I or Option 2 check will 

be made. I think both are needed. Item (2)(c) was previously discussed in con

action with item (7) on p. 2 of my notes.  
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Item (3) was raised because the Report did not specifically address the 

question. The verbal response at the 11/26/85 meeting was "Yes". That is suf

ficient as far as I am concerned.  

Item (4) stems back to the definition of i on p. 1 of the Report: 

I i Stress intensification factor as listed in Fig. NC-3673.2(b)-1 of 
ASME 3&?V Code, Section III, Subsection NC, 1980 Edition, Winter 
1980 Addenda," 

The potential problem here is that this may tie the Applicant' s hand to the ex

tent that he cannot use any data or analyses which might show that the Code i

'actors are exneccessarily restrictive. I deem this not desirable frm NRC's 

standpoint. I would suggest an addition to the definition of "ill such as: 

"Any deviation from Code-specified i-factors will be addressed on a 
case-by-case basis with NRC review and concurrence." 

7 of ev notes 

First, let me note that I have not raised a new proble. Eclosure 2 shows 

scme portions r= 1 N?.EG 1061, Vol. 2, in which the same proloble is discussed.  

Since writing that portion of NUREG 1061, I have attended a number of meetings 

on Code revisions to =ore realistically evaluate earthcuake loadings, looking 

(so fa, in va) for the answers to the questicns on p. 7 of my notes. Indeed, 

in -y view, if we had the answers to these cuestions, the Code would have been 

On the bottom of p. 7 of my notes, I included a simple conceptual example of 

the possible problem. It obviously is not a realistic example. However, in EDS 

Report No. 04-0310-0063 for So. Calif, Edison (12/23/83), I see on p. 30 an ex

ple of where, apparently, a support load has increased by a factor 0.91/0.41 

2.2 in going from a linear (elastic?) analysis to a non-linear analysis. I do 
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t know how good or appropriate this comparison is but it does not lead me to 

e conclusion that there is no possible problem.  

Hopefu.lly the Applicant, working with the specifics of SNGS-1 large bore 

piping, can develop a basis for adequately answering the questions I have raia

ed. I think NRC should insist on it. The problem is not unknown amongst pip

ing designers and NUREG 1061 is a public document.  

Tom, even with this lengthy letter, I suspect there may be aspects of my 

notes not adequately explained; if so, please let me know. I was pleased with 

a Applicant's responses at the 11/26/85 meeting in that he chose to ccns4eer 

my c:ents on their tech..ica. merits.  

Yours very truly, 

ECP/=rE. C. Robbnaugh1' 

cc: Dr. Lbrng Shieh (LLL 

closure: ZCR INotes (7 pages) 

Portions from NUREG 1061, Vol. 2 
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2 of 7 

Southern California Edison Company 

Report No. 01-0310-1459, October 7, 1985 

(Hereinadter called Report) 

The procedure described in 2.0 and 3.0 of the Report is deemed accept

able for evaluation of piping pressure boundaries (except bolted-flanged 

joints) provided: 

(1) In calculating 0e by the equation abov: on p. 1 of the Report, at least 
50% of Ce is due to earthquake loading.  

e 

(2) In calculating moments due to earthquakes, a response spectrum method is 
used, with damping not exceeding that specified in Code Case N- TT (?VRC 
recomendations).  

(3) Diameter/wall thickness ratio, Do/t, does not exceed 50.  

(4) Materials are like SA106 Grades A, 3, C or like S312 Type 304. (No 
cuenched and tempered ferritic steels or cold worked austenitic stain
less steels.) 

(5) oints are butt wel"ded cr girth fillet welded.  
(No threaded, or seal-welded threaded.) 

(;5) Seisrinc anchor moveents are adequately considered.  

(7) .'e cu=ulative usage fact:r due to SS does ct exceed 1/3, 
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Questions by ECR, 11/26/85 

(1) How vill seismic anchor motions be handled? If included as part of 
NC-3600 Eqs. (10) and (11), vill M3 represent range of moments or am
plitude of moments? 

(2) Report No. 01-0310-TL59,Section 5.0 

(a) How does Option 1 address low-cycle £atigue? 

(b) How does Option 2 address comressive wrn '=g? 

(c) Where do you anticipate "tensile plastic instability" might 
occur? (e.g., in an elbow?, straight pipe, what?) 
How does eihroption 1 cr 2 address whatever t-h; s con-ce= 
might be? 

(d) What are the units of X? Is M a moment range or amplitude? 

(e) Where, in NURE 1061 Vol..2, is "15 significant cycles" ident-
f 4ed as a realistic estimate for the Modified Housner Earth
quake? What is the basis for it? (e.g., does it come from a 
cumulative damage evalu'ation?) 

(3) Does 0.75i have a lower bound of 1.3'? 

) ~ ~ ~ ~ ~ ~ ~ ~ 1 ha A./ Ata dAt1.7rSa Conehw 

x r~ v 8-13 
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Disolacement and Loadings of Pizine Systems 

Stress limits on 0e as calculated by Code Eq. (9) are intended to limit 

plastic deformation ofcomponents in piping systems so that results from an 

elastic piping system analysis will be reasonably valid for estimates of 

displacements and loads everywhere in the piping system. Having increased 

the stress limit on 0' by factors of up to two, it is not apparent that an e 

elastic piping analysis will predict, or conservatively bound, the real re

sponse of the piping system. This raises questions such as: 

(1) Will the pipe displace ruch farther than estimated by the elastic anal
ysis and maybe bit some safety-related equipment and damage it? 

(2) What will be the nozzle.loads on valves, pumps, heat exchangers, ves
sels, etc.? 

(3) What will be the loads on piping supports? 

* )Will ,valves with motor operators reain operable? 

(5) What will be the moments on bolted-flanged jcints? 

The possible problem is illustrated by the following simple cc-ceptual e=:=le.  

M_______ /% -' 

The end moments double due to the hinge. In real piping systems, the ends 

might be valves or nozzles or bolted-flanged joints.  
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Ex1-~ftf~3p, U/E JoL. Y' 2, 2-22 a.12 

2. Nozzle, Flanced Joint, and Support Loads 

The elastic piping system analysis that is used to evaluate pressure boundary adequacy is also used to calculate nozzle, flanged joint, and support loads.  The limits to Code Equation (9), shown in Table 2-3 were selected so that gross plastic deformations would be restricted and an elastic piping system analysis could be defended as usable to calculate loads. The potential Code criteria discussed in Item 1 may, of course, permit higher limits than shown in Table 2-3 and are intended to do so. The applicability of an elastic piping system analysis for calculating nozzle and support loads is no longer apparent.  

What appears to be needed is a simple technique whereby the loads, for piping systems where Code Equation (9) limits are exceeded, would be scaled up. References 2-21 and 2-22, as well as the ANCO data, should be reviewed to see if a basis for sudh a technique can be found.  

6,. Problems 

There is no apparent problem with the proposed change in Item 3. However, 
the type of change discussed in Item 1 needs to be accompanied by a simple 
way to determine loads as discussed in Item Z.  
Axial stress is not limited by Code Equation (9).  

2.5.4 Consultant Suggestions for Research Programs 

A program should be initiated with the specific objective of developing a simple 
way to establish loads from an elastic analysis of piping systems where the 
stresses in the piping exceed the present Code Equation (9) linits. This program should include, but not be limited to, a review of hich-level test data 
and the Campbell [Ref. 2-21] and Broman [Ref. 2-22) reports.  

The end product of this research should be the development of pseudolinear
elastic seismic analysis methods that conservatively and yet reasonably approximate th'e results of nonlinear time-history seismic analyses for piping systems.  
Design procedures that fully incorporate inelastic energy absorption and strain c ability of piping systems should be developed. Two candidate techniques are ynamic-to-static margin ratio technique of Reference 2-21 or the use of ased allowable stresses such as discussed in Reference 2-22. However, techniques need further development and more comparison with nonlinear ime-history analyses of realistic piping systems.  
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4625 CEMETERY ROAD * HILLIARD, OHIO 43026 
614/876-5719 

January 22, 1986 

Mr. T. M. Cheng, MS566 
US Nuclear Regulatory Commission 
7920 Norfolk Avenue 
Bethesda, MD 20814 

Subject: San Onotre Nuclear Generating Station Unit 1, Technical 
Basis for Stress-Strain Correlation", So. Cal. Edison Co.  
Report No. 01-0310-1459, Revision 1, January 1986 

Dear Tom: 

The revised Report does a good job of addressing all of my comments and 
questions except those on page 7 of my notes; a copy of that page is enclos
ed.  

The revised Report addresses my page 7 questions in three places: 

(1) On page 18: "Bolted-flanged joints are qualified per the requirements of 

NC-3658 (Analysis of Flanged Joints) of the Code C13." 

(2) On page 21 under the heading "Concern on Pipe-Mounted Equipment Qualifi
cation".  

(3) On pages 21 and 22 under the heading "Concern on Accuracy of Elastic Pip
ing Response Analysis".  

On page 21 the revised report states: 

"Elastic piping response analysis will predict conservative piping bound
ary loads, even when the elastically-calculated stresses exceed the Code 
limi t.  

If "conservative" means the boundary loads will not be under-estimated, and if 

the quoted sentence is accurate, then my page 7 questions (2), (3) and (5) are 

answered. However, my page 7 includes a simple conceptual example in which an 

elastic analysis would under-estimate boundary loads by a factor of two. Fur

ther, as I pointed out at the 11/26/85 meeting with the applicant and in my 

11/29/85 letter to you, in the EDS Report No. 04-0310-0063 for So. Calif.  
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Edison (12/23/63), there is an example (p.30) of where a support load appar

ently increased by a factor of 0.91/0.41 = 2.2 in going from a linear (elas

tic?) analysis to a non-linear analysis. These data indicate that the 'cuot

ed sentence is inaccurate.  

My page 7 question (1) concerns calculated displacements and is addressed 

on p. 22 of the revised Report. The first sentence poses a minor problem to 

me because, at least in most nuclear power plants, there are a number of es

sential piping systems which operate at ambient temperature. It is not am

parent to =e that in such systems the thermally-induced calculated displace

ment.s would be larger than the earthquake-induced calculated displacemen-s.  

However, my major problem is that, granting that elastic-calculated thermal 

displacements are larger than elastic-calculated earthquake displacements, are 

the latter accurate when the calculated elastic stress is uP to 4.0 times the 

:aterial yield strength and permissible moments on elbows are up to 2.8 ti=es 

the experi=eetally-determined maim'- moment capacity? 

The second sentence of the paragraph on p. 22 of the revised Report does 

not convince me that large displacements cannot occur. It is not apparent to 

a lstras (e.g., 0 .C2) necessarily imply small displacement. e 

third sentence is nice but, i e magnitude of seismic displace-ents ca.ct be 

estimated (or bounded), I do not see how adequate clearances for seismic load

ing can be established.  

My page 7 question (4) appears to be at least partially addressed by the 

parageSPh on p. 21 of the revised Report headed "Concern on Pipe-Mounted E'uip

ment qualification". Most valve operators are qualified in terms of accelera
tions so the cuestion here is: Will an elastic piping system analysis with 

elastically calculated stresses.up to 4.0 times the material yield strength ap

propriately estimate (or bound) the accelerations the valve operator will have 
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to withstand? The only clue I have comes from the previously cited EDS re

port, p. 31, which indicates that accelerations calculated by a linear 

(elastic?) analysis. can be lower than those calculated by a non-linear anal

ysis. This, of course, suggests that an elastic analysis will not necessari

ly bound valve operator accelerations.  

In summary, it appears that the responses in the revised Report to my 

page 7 questions are mradequate.. If, for example, some knowledgeable inte:

vener were to raise these questions, I think the discussion contained in the 

revised Report would not convince a competent judge that the applicant (or 

NRC) had adequately add-ressed the questions.  

I wish I had a simple answer to my page 7 questions, but 1 do not. One 

might conduct non-linear analyses for all piping systems where the high allow

able stresses are needed; but presumably that would be prohibitively expensive 

andf tiwe-consuing. I I ere the applicant, and deemed that the ncn-inear 

analysis approach was impractical, I think I would frame my response o my 

page 7 questions along the followig lines.  

(1) Actual Eathcuake Experience 

Cite what actually happened to piping systems during severe earth

quakes, pointing out that ecuipment attached to the piping systems (peups, 

valves, heat exchangers, etc.) were not damaged; supports did not fail; and 

adjacent equipent was not dazaged.  

(2) Simulated Earthouake Tests 

Attempt to quantify the relationship between what was measured in these 

tests and what would be calculated by the Report procedure (e.g., response 

spectra analysis using PVRC damping). Show ratios of: 
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(a) Displacements 
(b) Boundary Loads 
(c) Accelerations 

Hopefully, this would show that, at least for the tested piping systems, 

the Report analytical methods reasonably bound the measured responses.  

EM(3) S Non-Linear Analyses (Report No. 04-0310-0063) 

This report would seem to provide some data for a technical response 

to my page 7 questions. For example, on p. 30, node 24, Y-direction,the 

elastic and non-linear loads are 0.4Tk and 0.91k, respective.y. ut what 

is the actual hardware represented by node 24, 7-directicn? Is i: per-as 

a 1k-rated snubber, anchored for a 1k load? More generally, what design 

conservatisms are involved between the calculated loads from the piping 

system analysis and the actual hardware design? The EDS Report does not 

gilve any displaceent data but presumably the data is available ad could 

be used to respchr to my page 7 questicn (1) for displacements.  

I recognize that the kind of approach outlined abcve is he-ristic and does 

nat lead to any generally applicable criteria. However, I thi-k the ap:roach 

provides mCre relevant respcnses to my page 7 cuestions t anything in the 

revised Report.  

Yours very truly, 

E. C. Rodabaugh 

Encl: Page 7 of ECR Notes 
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-ddekd ///2 4/ If 
Diso1acement and Loadings of %mine Systems d 

Stress limits on ae as calculated by Code Eq. (9) are intended to limit 

plastic deformation of components in piping systems so that results from an 

elastic piping system analysis will be reasonably valid for estimates of 

displacements and loads everywhere in the piping system. Having increased 

the stress "--it on if by factors of up to two, it is not apparent that an 
.e 

elastic piping analysis vill predict, or conservatively bound, the real re

sponse of the piping system. This raises questions such as: 

(1) Will the pipe displaces much farther than estimated by the elastic anal
ysis and maybe hit some safety-related equipment and damage it? 

(2) What will be the n:zle loads on valves, pumps, heat exchangers, ves
sels, etc.? 

(3) What will be the loads on piping supports? 

(4) Will valves vith :ctor operators remain operabM 

(5) ".'-t will be the:sents on bclted-'larged joints? 

The possible problem is illustrated by the fodllovig s 4 -ple c2:ceptual exa:l, 

The end =oents double due to the hinge. In real piping systems, the enis 

might be valves or nozzles or bolted-fla-ged cints.  
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4825 CEMETERY ROADO HILUARD, OHIO 43026 
614/876-5719 

February 13, 1986 

Dr. Long Shieh 
Lawrence Livermore National Laboratory 
P.C. Box 808 
Livermore, CA 94550 

Subject: San Onofre Unit 1, Review of Licenseers Strain 
Based Methodology for Seismic Evaluation of Large 
Bore ?ipe 

arDr. slie.H: 

This letcter-recort is submitted to complete the scope of work specifi ed in 

LLTL P.O. 8281805 dated 11/13/85.  

The work consistd of the following ses 

1) Review of docume ts :rovided to me by Mark Russell (EG&G :daho). an Zarti

Cu -'-vewed --sSuhr alzhn. ison "C=;an Report N.O-21 

1459, dated October 7, 1985, "Sa Onofre Nuclear Generating Staticn U.it 

Long Term Service Seismic Re-evaluation Program, Technical Basis for Stress

Strain Correlation". This review took place during 11/21/85 and 11/25/85 

and lead to my prepering a set of notes (7 pages, included herewith as part 

SEnclosure 2) for discussion with the Licensee at a meeting in Bethesda cn 
1/26/85.  

(2) Meeting with SONG-1 Licensee (So. Caif. Edison), Bethesda, 11/26/85. The 

attendance list is included herewith as Enclosure 1. A number of subjects 

were discussed, including the questions raised by my set of notes (For more 

.details, see "Meeting Summary-Seismic Reevaluation Criteria", il-en McKenna, 
dated 12/9/85. ) 
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) Following the meeting, I wrote a letter, dated 11/29/85, to Dr. T. M. Cheng 

(NRC), which formally transmitted my set of notes to him, expanded a bit on 

those notes and indicated my understanding that the Licensee (Applicant) had 

committed to provide a revised version of Report No. 01-0310-1459. That let

ter is included herein as Enclosure 2.  

(4) On January 18, 1986, I received a copy of Revision 1 of the So. Calif. Edison 

Report 11o. 01-0310-1459, "San Onofre Nuclear Generating Station Unit 1, Long 

Term Service Seismic Reevaluation program, Technical Basis for Stress-Strain 

Ccrrelation", anuary 1986. 7 reviewed this revised report and concluded that 

it satisfactorily addressed all of my questions (see Enclosure 3) except for 

those on p. 7 of my notes (See last page of Encl. 2). I then wrote a letter 

dated 1/22/86 to Dr. T. M. Cheng (Enclosure 4 herewith) indicating my reserva

tions concerning that portion of the revised report.  

My letter dated 1/22/86 was discussed by telephone on 1/31/86, with represen

ta-tives of %RC, So. Calif. Edison, -pell and =ysel'.  

) n 13, 1986, 1 received a copy of a Supplement to the So. Calif. i 

son Report No. 01-0310-1459, Revisicn 1; the Suplement is dated eb:ary 7, 

As indicated in Enclosure 3, 1 deem that the Licensee had (by ?.evision of 

Report 01-0310-1459) satisfactorily responded to all of -y suggestions and ques

t:ons except those on p. 7 of my notes. The remaring cuestion, briefly, is: 

'-ill an elastic analysis provide sufficient guidance for estimating 1cads on at

ik ached equipment and for displacements of the piping system? I view the suple

ment to Report 01-0310-1459 as the Licensee's response to this question; the re

mainder of this letter gives my comments on the Supplement and my recommendations.  
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Pire Disrolacements 

The Supplement, in 5.0, addresses this portion of my p. 7 questions and ar

rives.at what I deem to be an acceptable response; i.e., multiply elastic-calcu

lated displacements by 2.7 for pipe interference checks.  

B. Loads on Ecuirment 

The Supplement, in 4.0 PIE 30DARY LOADS, addresses the lcads and acceler

ations portion of my p. 7 notes.  

in general, I view the contents of 4.0 of the Supplement as a much better 

response to p. 7 of my notes than contained in Reprct No. 01-0310-1459-RT. Some 

speci.-ic co=ents follow.  

recognize that there may be some controversy over the quantitative impli

Wis of the piping non-linear analysis. ?cwever, Ieem that Tabe & is a 

reaszuri:g response to my concerns.  

P-ar..L.2 

A key sentence is: 'nrfotuaely, most cf these tests did not correlate the 

test data .- ytical results using a production ;:;-g analysis"; had 

hoped that the licensee could determine some ratios as suzgested 1n 1 /22/126 let

tar ( cl0sure 4). Ecwever, I recogze the accuracy Cf the quoted sentence an, 

in view of the time in which the Licensee had available to prepare his resycnse, 

am not surprised .hat he did not evaluste the test results.  

A= unfortunate follow-on is that the subsequent paragraphs under 4. 1 are not 

relevant to the questions raised by P. 7 of my notes. They are relevant to the 

ssue boundary integrity of piping.  
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.. 3 
I regard this as the most convincing response to p. 7 of my notes. Neverthe

less, it is an "engineering judgment" type of response not amenable to quantifi

cation in the form of criteria. This leads me back to ?ar. 2.0 of the Supplement.  

Par. 2.0 

I aad expressea concern about, in particular, the 0.02 strain limit cr sta.

less steel as possible invalidating loads and displacements obtained from an elas

tic Pi:ing system analysis. The Supplement, in 2.0, appropriately discusses strain 

-- :s as i=i;ted by lo.-cycle fatigUe failure check. However, I have a :rcobe: 

ith the "it is not more than 1.51 percent". The problem arises from the defi

ion of ("a), see p. 20 of 01-0310-1459 -R1. In my experience, the usage fraction 

U can be much less than 1.0; e.g., 0.1 or even 0.05. To cover that possibility, I 

16 have to assume that (Ua) available fr the Housner earthcuake could be al

z:st '.0. sing 1.0 instead of 0.25, leads to a bcunding maximum strain ^f 

ar. -.-, A:etatern than the L.02 

Conclusizn: The maximu= strain for SCOS-1 L:S p:- problems cuas ed 
using the stress-strain ccrrelation as sncun on a'-le 3.1 is I.2E ercent." 

-e cuestic. this conclusion raises in :' mind is: hy is the Lienseesnruz=

li -g to justify a 0.02 strain limit when, apparently, all that is needed for 

50C'G-1 is 0.012S? One aspect of the cuestion is that, in my view, :RC should 

not at this time be viewing the SONGS-1 criteria as generally applicable. In time, 
a e possible to do so. 3ut at least a careful a raisal is needed of what 

been demonstrated by simulated earthcuake tests with respect to boundary loads, 

dismlacements and accelerations.  
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* LAccertance of 0.01 Strain Limit 

Pages 3 and 4 of'my notes show comparisons between test data and the propos

ed criteria at a strain of 0.01. The right column, Ma/M2 , would be obviously ac

ceptable if the values did not exceed 1.0. (Divide the Ma2 ratios for stain

less steel by 2 for this comparison.) The ratios are greater than 1.0; hence, 

to defend the adecuacy of an elastic analysis to predict bcundary loads, it is 

necessary to invoke engineering judgments such as: 

(a) Piping system gross distortion requires more than one plastic hinge.  

b Fcr elbows, the pressure ter in the criteria usua=ly provides an 
additicnal zargin.  

(c) Earthquake-type loadings are less severe than static loading.s used i.  
tae tests.  

These types of judgments, in conjunction with the discussion in 4.0 of' the 

.plement, are sufficient for e to accept the proposed criteri up a strain 

rit of 001 

.ccertance of Between C.01 and 0.02 Strain 

Report No. 01-03C-1459 (both the 10/7/85 and revised versicns) contain under 

' daiion, a p -p g qualificaticn calculations will be identified to the NRC or review On a case-by-case basis where calculated strains for stain ss steel exceed 1 percent and/or deviations frcm the stated stress-strain co elation methodology are applied.  

the preceding (C, we have indicated our acceptance of strains up to 0.01. we 

here give suggestions for acceptance of strains up to 0.02. 'f Supplement Table 

3-1 is complete, we are addressing four "'piping problems" with a maximum strain of 

0.0128.  
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a) Establish a minimum required margin, X, for loads and accelerations obtained 
from the elastic analyses: e.g., 

X = 1 t- (6- 0.01)x170 (1) 

Equation (1) is an engineering judgment equation formulated so that X 1.0 
at C= 0.1 and X - 2.7 for e 0.02 for some continuity with 5.2 of the Sup
plement. For 6= 0.0128, 1 = 1.476.  

(b) Review loads on supports, nozzles and bolted-flanged joints. Review acceler
ations of valve operators. If these loads are less than 1/X times acceptable 
loads, the piping system (or piping problem) should be accepted.  

.(c) If checks (a)/(b) are not satisfied, consideration might be given to running 
a pseudo-inelastic analysis in which locations of indicated gross plas ici ty 
(e.g., an elbow) would be replaced with a constant moment spring. If these 
give calculated loads and accelerations less than acceptable loads and accel
eratons, the piping system (cr piping problem) should be accepted.  

E. Recommendations 

(a) NRC should accept the criteria in Report No. 01-0310-1459-RT for strains up to 0.01.  

-or strains between 0.01 and 0.02, NRC should evaluate each piping syste= or piping problem using criteria such as those discussed in (D).  

c The displacement checks described in 5.3 of the Suppl.eent to the 1e:1 rt should bOe considered to form part of the acceptance criteria.  

(d) NRC, at the present time, should not consider Report No. 01-031C-1450-1 and its Supplement as genericaly acceptable.  

F. Potential ?Eards of Na.=y Over-conervasm 

in reviewing the Licensee's proposed criteria and our discussion thereof, the 

f--oving very important question needs to be considered.  

If a more stringent criteria were applied to SONGS-1, such as that expressed cy the equation on p. 1 of the Report, and if that recuired additional restra its (e.g., snubbers), would the resulting piping systems and their attached ecuimment 
be more reliable? 

There is a significant body of competent judgment, such as that exPressed in 

1. 2 of NUREG 1061, that indicates the answer to the question is "No" or 
"Probably not". Accordingly, we deem it appropriate to apply engineering judg
ment to establish less stringent criteria, Indeed, in view of our rapidly 
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'creasing knowledge of the effects of earthquake loadings on piping systems, if 

ditional restraints were added to SONGS-1 piping, in a few years there might 

be a motivation to remove some of those restraints to obtain increased reliabili

ty.  

lours very t.uly, 

E. C. Rcdabaugh 

Enclosures: 

(1) Attendees, Bethesda Meeting, 11/26/85 
(2) ECR to T.M. Cheng Letter, 11/29/85 
(3) SC1GS-T Respcnzes via Revised Repoct 
() ECR to T.M. Cheng Letter, 1/22/86 

cc: T. M. Cheng 
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4625 CEMETERY ROAD * HILUARD, OHIO 43025 
614/876-5719 

February 22, 1986 

Dr. Long Shieh 
Lawrence Livermore Natiora.l Laboratory 
P..0 Box 808 
Livermore, CA 94550 

Subject: SONGS-1, Meeting at Impell on 2/20/86 

Dear D:*. Sheh: 

My letter..to you dated 2/13/86, p. 4 under the discussion of Par. 2.0 of 
the Supplement to So. Calif. Edison Report No. 01-0310-1459-RT, contais 
the implied ouestion: In doing the fatigue check under 5.2 of the Report, 
will (Ua) ever be taken as greater than 0.257 At the meeting, I under
stocd that the answer was that (Ua) would not be taken as greater than 
0.25 and that the Supplement will be revised to so indicate.  

The pcrtion of v 2/13/86 letter on "Acceptance of Between 0.01 and 0.02 
Stx-ian' cntains suggestions to the NRC-reviewer and, thus, does not di
rectly involve the Report or its Supplement. At the meeting, Impell pre
sented the enclosed altermative to obta4 the margin, , for. loads a-: 
accelerations obtained fro= an elastic analysis. My response was that my 
suggestion in my 2/13/86 letter appeared tlo be more defensible with re
spect to EDS Report No. 04-0310-0063 (12/23/83) and, unless some specific 
roblem arose with its a=p.ication (e.g., would recuize added restraints 

or beefing-up supports), I would prefer to stick Wita :y proposed Z.  

Yo-s very t-uly, 

E. C. Rodabaugh 
ECR/m 

cc: T. M. Cheng / 

End.  
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DISCUSSION OF THE MNIMUM REQUIRED MARGIN, X, FOR LOADS AND ACCELERATIONS 

OBTAINED FROM THE ELASTIC ANALYSIS.  

- INCREASE the loads/accelerations by a factor of 2.0 by assuming a 
hinge in the middle of a fixed-fixed beam for mid-point static 
loading: 

MLML = 2.0 

Reduce the loads/accelerations by a factor of 1.5, which is the ratio 
of the dynamic margin against failure to the static margin against 
failure 

2.0 
Therefore, X T - 1.33 at *2 

- Linearly interporate X for e in 1 -20A 

X - 1 + (e-0.01) 33 

- Check the load /acceleration increase in the vicinity of all locations 
* which satisfy the following conditions: 

o Pipe strain is greater than 1% (Stainless Steel) 

o Ncminal pipe size is greater than 2 inch (large bore) 

o X is greater than 1.1 

ExampIe: = 1.22%, X 1 + (0.0123 - 0.01) x 33 = 1.09 

No check is required 

Lu 1.5% , X 1 + (0.015- 0.01) x 33 -1.17 

Check is required 
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APPENDIX C 

PROPOSED REVISION TO PIPE SUPPORT ANCHOR BOLT CRITERIA 

I.



REVISED At'cH~og BOLT CRITERIA 

OCTOBER 9,1985



LTS ANCHOR BQ.T CRITERIA 

0 FACTOR OF SAFETY OF 2.0 ACCEPTB3LE PROV IDED: 

- ADJACENT SUPPORTS ARE QUALIFIED TO A FACTOR 

OF SAFETY OF 4.0 

- MINIMUM OF 4 ANCHOR BOLTS 

- NO MORE THAN 1/2 OF THE ANCHOR BOLTS ARE 
SIMULTANEOUSLY IN TENSION 

0 OTHERWISE USE FACTOR OF SA.FETY OF 4.0 OR 5.0 AS 
APL I CABLE.  
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SUMMARY OF NRC REV IEW/CONCERNS 

8 RJST PROVIDE OVERALL FACTOR OF SAFETY OF 4 OR 5 
FOR THE ENTIRE SUPPORT 

- ASSUME ANCHOR BOLTS WITH FACTOR OF SAFETY OF 

2.0 FAIL 

- REDISTRIBUTE LOADS TO OTHER ANCHOR BOLTS 

- DEMONSTRATE OVERALL FACTOR OF SAFETY OF 4.0 

OR 5.0 

0 

C-4



RFV ISFD ANCHOR BCT CRI TER 

G FACTOR OF SAFETY OF 2.0 ACCEPTABLE PROVIDED 

- ALL CONDITIONS OF ORIGINAL CRITERIA ARE MET 

- SLIP TYPE FAILURES 

9 WEDGE ANCHORS 

9 SLEEVE ANCHORS 

- LOADS GREATER THAN FACTOR OF SAFETY OF 4.0 

ARE REDISTRIBUTED TO ADJACENT SUPPORTS 

- ADJACENT SUPPORTS WITH NEW LOADS ARE 

QUALIFIED WITH FACTOR OF SAFETY OF 4.0 

- ULTRASONIC TESTING HAS BEEN PERFORMED AT THE 

SITE WITH 100% SATISFACTORY RESULTS ON 

EMBEDMENT 

- VISUAL INSPECTION 

9 CONCRETE OR GROUT CRACKING 

* THREADS FULLY ENGAGED 

o CORROSION 

8 CHECK IF BOLTS ARE HAND TIGHT 
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REVIEW OF TEST DATA 

6 ANASIS OF ANCHOR BOLT TEST DATA PERFORIVED BY 
UG 2900 TENSION TESTS, 1600 SHEAR TESTS) 

- ULTIMATE STRENGTHS ARE GENERALLY LARGER THAN 

STRENGTH IN MANUFACTURER'S CATALOG 

- STATISTICAL ANALYSIS INDICATES A FAILURE RATE 

OF 1% FOR FACTOR OF SAFETY OF 2.0 

- VISUAL INSPECTION CAN BE USED TO IDENTIFY 

CASES-OF POOR WORKMANSHIP 

NRC SONGS-I TEST DATA (HILTI KAIK - BOLTS - 1984) 

- ALL TESTS GREATER THAN MANUFACTURER'S CATALOG 

(AVERAGE 1.33 TIMES CATALOG VALUE) 

- ALL SLIP TYPE FAILURES 

8 FAILURE MODES 

- WEDGE AND SLEEVE TYPE ANCHORS HAVE SLIP TYPE 

FAILURES 

- SHELL TYPE ANCHORS HAVE CONCRETE CONE 

FAILURES 
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SUMMARY 

A substantial audit was performed on the calculations done in support 

of the Long-Term Service Program for the San Onofre Nuclear Generating 

Station Unit 1 (SONGS 1). Calculations for piping, piping supports, 

mechanical equipment and supports, electrical raceways and supports and 

supports for electrical equipment were audited. Several issues were raised 

as a result of the audits, all of which were satisfactorily resolved. Two 

plant inspections were conducted in conjunction with the audits. The first 

involved observation of the collection of as-built data used in analysis.  

The second was held to check conformance between the configurations of 

completed analyses and the field configuration. Based on the audits, the 

p opulation of calculations represented by the audited calculations has been 

found to be in conformance with the requirements. The plant inspections 

indicated that the analyses accurately reflect existing plant conditions.  
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AUDIT AND INSPECTION REPORT FOR THE SAN ONOFRE 
NUCLEAR GENERATING STATION UNIT 1 LONG-TERM SERVICE PROGRAM 

FOR PIPING AND ASSOCIATED SUPPORTS, 
MECHANICAL EQUIPMENT AND ASSOCIATED SUPPORTS, 

ELECTRICAL RACEWAYS AND ASSOCIATED SUPPORTS, AND 
ELECTRICAL EQUIPMENT ANCHORAGES 

1. INTRODUCTION 

In November of 1984, San Onofre Nuclear Generating Station, Unit 1 

(SONGS 1) resumed power operation in accordance with specified terms 

(Reference 1), the terms being implementation of the Return to Service 

(RTS) Plan. Plant operation was authorized provided that a seismic 

evaluation program be completed and resulting plant modifications be 

imolemented prior to start-uo from the cycle IX refueling outace. The Lona 

Term Service (LTS) Plan is intended to demonstrate capability to reach and 

maintain a cold shutdown condition, including capability for accident 

mitigation, in the event of the reevaluation basis earthquake, the 0.67 g 

modified Housner earthquake. Southern California Edison Company, holder of 

the operating license for SONGS 1 (the licensee), and its consultant, 

Imoell Corporation, have formulated criteria and methodology for the 

ucgrade which have been reviewed by the staff of the Nuclear Regulatory 

Commission NRC). These criteria and methodology have been accepted by the 

NRC staff, with qualification, in a Safety Evaluation Report (SER) 

(Reference 2). In a number of cases, criteria and methodology acceptable 

to the NRC staff had not been obtained at the time Reference 2 was 

Pouin shed. Since that time, criteria and methodolOcy acceptable to the NRC 

sta"f have been catained in all such cases. These cases are discussec in a 

echnical Evaluation Reoort (TER), published in conjunction with this 

report. Audits of the licensee's calculations have been performed to 

assure compliance with the criteria and methodology acceptable to the NRC 

staff contained in these two documents.  

This report provides the results of the audits for piping and 

associated supports, mechanical equipment and associated supports (pumps, 
small tanks, heat exchangers, filters, valves, and containment 
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penetrations), and electrical equipment and raceways, and supports. The 

procedures governing the calculations were included in the audit scope, but 

their role was limited. The September, 1985 SER (Reference 2) and the TER 

governed the calculation audits. The procedures were reviewed prior to the 

calculation audits to identify any areas where acceptable requirements were 

not clearly delineated, and hence likely to be violated in the 

calculations. There were two exceptions to this. The procedures governing 

the large-bore piping analyses were not audited in full because of their 

size. In addition to the normal audit practice, variations from common 

practice allowed by the September, 1985 SER and the TER were specifically 

audited in the documents. A relatively large number of such piping 

calculations audited fell in this category. The procedure governing 

electrical equipment anchorage analyses was not audited because the author 

had reviewed it in association with prior work, and was already fam ilar 

with it. The procedures were also used during the audits as an aid in 

determining if issues were equipment specific or generic in nature.  

Revisions to the procedures generated by the audits were also audited. In 

addition to the audits, case-by-case reviews in areas specified by the 

Septemoer, 1935 SER and the TER were performed and are reported here.  

Results of the audits are presented in Sections 2 through 4, and 

results of the case-by-case reviews are presented in Section 5. Section 53 

also discusses the areas of the criteria identified in Section 5.0 of the 

September, 1935 SER as needing particular attention. Table 1.1 contains a 

list of all who participated in the audits. Table 1.2 lists the orcedures 

governing the audited calculations. Table 1.3 contains a list o acronyms 

used in this report. Tables 3.1 throuch 5.2.2 list the calculations 

audited, and those included in the case-by-case reviews.  

n Tables 3.1 through 5.2.2 the extent of the auCit is icentire" r 
each calculation. The specific version of each calculation is identin-ec 

by revision number and date. The calculations without a date were not 

fully signed off. Including such calculations in the lists of calculations 

from which audit candidates were picked allowed timely audits without 
compromising the auditor's control over which material was audited. This 
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caused little problem because the licensee invariably addressed. the issues 

directly without reference to tha incompleteness of the calculation's 

review. In the cases where none of the audited calculations of a 

particular type had been formally reviewed and approved, the audit was 

extended to include one that had been reviewed and approved.  

In addition to the audits, a plant inspection was conducted. This is 

discussed in Section 6. Section 7 contains a conclusion.  
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2. AUDIT RESULTS FOR PIPING AND ASSOCIATED SUPPORTS 

Several audits were performed on piping system and pipe supports 

calculations. The audits occurred during portions of the weeks of 

September 16, October 7, December 9, 1985, and January 6, January 28, 

February 17, April 14 and April 21, 1986 at the Walnut Creek office of 

Impell Corporation. Audits were also performed on October 11 and 

December 14, 1985, at the Los Angeles office of Impell. Specific audit 

dates are provided in Tables 2.1 through 2.4.  

Three large-bore piping/support problem sets were chosen for full 

audit to obtain a variety of piping systems, sizes and stress levels 

(Calculation Nos. AC-06. CA-55, and SW-02a). An additional seven 

large-bore pipe calculations and six pipe support calculations were 

partially audited to help resolve issues generated by the full audits and 

to audit features not found in the calculations fully audited. These are 

identified in Tables 2.1 and 2.3.  

Three small-bore p ping calculations were init-illy enosen for l 

audit as follows: One was chosen based on the highest stress found amco 

the carbon steel lines (RW-352), one based on the hichest stress found 

among the stainless steel lines (MW-02), and one chosen from the remainder 

at random (CA-350). The two highly stressed calculations were chosen .rcm 

a list of 18 such problems, and CA-350 was chosen from a list of all 

small-bore calculations. The focus of the audit was changec following 

audits of the two highly stressed calculations due to t1he issues raisec 

there. CA-2350 was dropped from the full audit list, and four additional 

highly stressed calculations were added (AF-03, SI-E51 RC-120, and RS-54).  
Two more small-bore piping calculations were partially audited to helo 
resolve issues generated by the full audits. Auditec small-bore io ing 
calculations are identified in Table 2.2. Although there is no distinction 

a. The first two letters of the piping calculation number are acronyms 
identifying the associated piping system. These are contained in the list of acronyms, Table 1.3.  
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between large-bore and small-bore pipe support calculations., two small-bore 

calculations were chosen for full audit to provide thorough coverage by the 

audit process. These are identified in Table 2.3.  

Some piping and supports qualified in the Return to Service (RTS) 

Program were not directly reevaluated for Long-Term Service. Instead, they 

were checked for usage of RTS criteria that is not acceptable for LTS.  

This work was audited (calculation RTS--Review). Three subcalculations, 

each containing the review of an RTS piping system analysis, were audited.  

These are identified in Table 2.1.  

The following methodology was applied during the full audits. An 

init'a pass was made through the calculation to obtain an overview or it.  

This was followed by a more detailed, but still essentially general, review 

of the ,most highly stressed areas. Findings from these activities are 

reported in Section 2.2 below. The final pass consisted of a check for use 

of criteria and methodology discussed in the September, 1935 SER and the 

TER. These are identified in the findings which follow, where each is 

*s cssed. Due consideration was given in tne findings to the fact that 

much of this analysis was done before criteria and men:odolocy acceptable 

to the NRC st were fully specified. Findings from this activity were 
recorted in Section 2.1 below. ?artial audits consisted of a check of 
specifiC features of the calcuiations. These were performed to aid 

resolution of issues raised by the full audits. Their findings are 

included in tne aopropriate areas of both Sections 2.1 and 2.2.  

AV of the audits discussed above were conductec at the Walnut CreeK, 
ra ornia office of Impell Corp. The evaluation of pipe suoport 

modifications and the design of new supports was performed by encineers at 

the Los Angeles office of mpell. In order to assure that all 

Organizations involved in the wcrK were audited, the subcaicuiationS for 

three support modifications were fully audited in Los Angeles. This was 

followed by partial audits of nine more support subcalculations to resolve 

issues generated by the full audits. These calculations are identified in 

Table 2.4.



2.1 SER Related Findings--Piping and.Supports 

*a 
2.1.1 Large-Bore Piping Criteria (3.1.1 and 2.1) 

Allowable stress values, as specified in the September, 1985 SER, are 

1.8 Sh for Cl 1, and 2.4 Sh for C1 2/3. When these values are 

exceeded, strain limits of 1% for carbon steel and 2% for stainless steel 

are allowed, provided that additional requirements are met if the 2% limit 

is used. Details of the methodology associated with the strain criteria 

had not been approved at the time of publication of the September, 1985 SER 

and are contained in the TER.  

In all cases audited, the stress limits were correctly applied and are 

acceptable. Since the strain criteria were not supported by an approved 

methodology at the time of the audits, their audit was incorporated into 

the case-by-case review of strain applications required by the 

Septemoer 1985 SER. Details of the review are contained in Section 5.1 of 

this report. The applications were found acceptable.  

:.:.2 ra-h Line elu~ n or Larce-Sare Piping (3.12) 

Eranch line cecoup 1ng based on a diameter ratio of 3:1 was rcoposed.  
This was found acceptable, provided that: (a) a ratio of moment of inertia 

of 25:1 was maintained, (b) no other branch line nor anchor is in close 
proximity, and (c) the affected pipe segment does not include a termination 

whicn cefines a reaction load.  

In the full audits, three cases of branch line decoupling were found: 

1. A 3/4-in. tubing line was cecoupling from a -in. run in prolem 

CA-55. This was acceptable per the criteria.  

a. Numbers in parentheses refer to the appropriate area of the 
September 1985 SER and the TER. The first number refers to the SER. If 
just one number appears, it refers to the SER.  
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2. Two cases occurred in problem SW-02 where three 2-in. lines were 

decoupled from a 12-in. line. This violated two of the criteria?

because the lines were in near proximity to each other and 

adjacent to a heat exchanger nozzle. The calculation was 

reviewed in detail, and the decoupling was found acceptable in 

this particular case. The 2-in. lines have a moment of inertia 

of 0.66 in.;4 the 12-in. lines, 300 in. Based on this, the 

ratio of moment of inertia for the run to the sum of the branch 

inertias is 152:1. However, due to the limited nature of this 

audit, the licensee was requested to provide a list of all piping 

calculations in which the decoupling criteria were not met. The 

list, included in calculation LTS-REVIEW, was provided. It 

documented the results of a check by the licensee of the valIdity 

of the decoupling. Three calculations chosen from this list 

(calculation No. AC-04, AC-23, and MW-04) were audited and the 

decoupling found acceptable.  

3. Four 3-in. lines and one-2-1/2-in. line were left coupled to a 

4-in. header in calculation AC-06. :ne r-atic o run to net 

branch moment of inertia was 32:1. The branches were in 

relatively close proximity, but the applicability of the 

oroximity criteria was arcuable. There were no reaction loads 

affected by the branch lines. The decision to leave the branch 

lines coupled in this case was on the conservative side.  

Based on tne licensee's independent re:v uation or the Zeccuplng 

aoplications which did not meet criteria and tne Positive audit of the 

reevaluation, the decoupling employed is acceptable.  

2.1.3 Seismic/Non-Seismic Decoue 4 no Criteria for Larce Sore PioenC 3.1.3) 

Extension of the piping model beyond the hydraulic boundary to the 

next anchor point or to the second support in all three directions was 

proposed and accepted for use with response spectrum analysis.  

7



In two piping models (Calculation Nos. AC-06 and CA-55), all 

@boundaries occurred at anchor points. In the SW-02 model, the model was 

extended to include two supports in all three directions. This is in exact 

agreement with the criteria. Impell's application of this criteria is 

acceptable.  

2.1.4 Generic Support Stiffnesses for Finite Element Piping Analysis 

(3.1.4) 

The use of generic support stiffnesses, except in areas where the 

support structure is excessively flexible, was proposed and accepted.  

In all calculations fully audited, all su:ocrt stiftnesses 

ccrresoonced to the ceneric values. Since none of the support desions 

audited appeared to be excessively flexible, this is acceptable. Impell 's 

application of the generic support stiffnesses is acceptable.  

Because none of the supports audited in the three fully audited 

calcu;a iens were flexile, two supports on otner systems (SI-14-60C -H09, 
and 51-02-E907-HC01) , wnc were f lexible, were cnosen or audit of the 

st",iness calculations. ihe calculation of stirrness was based on te 

__;culation of a efection resulting from an acolied unit lead. This is a 

standard method in current practice, and is acceptable.  

2.1.5 Small-Bo-e Picina and Tubine Criteria (3.2 ana 2.2) 

A walKdown method was proposed and accepted for evaluation of 

smal -cre piping and tubing which was very similar to tat usea or : 
RTS evaluation. The method involves calculation of allowable unsupported 

span iengths for straight spans and a limited numoer c7 simple cecmetries.  

These calculations are basec on a limitation of stress in the piping to 

large-bore allowable stress limits. For configurations that do not match 

those developed for the method, hand calculations are allowed, as are 

large-bore criteria and methodology. Critical supports are analyzed to the 

same criteria as large-bore supports.  

8



After finishing the audits of two of the three small-bore piping 

calculations chosen for full audit (Calculation Nos. MW-02, and RW-352), 

the scope of the audit was expanded and redirected as a result of the 

findings. In both cases, the explicit methodology defined in the criteria 

document was not used. A hand calculation methodology was used instead.  

This was allowed by the criteria, but was identified as an alternative 

methodology and was not well defined in the criteria document. In 

addition, strain criteria were applied in both cases using the results of 

the hand calculation of stresses. This was justified by the licensee as an 

application of the large-bore piping criteria to small-bore piping per 

acceptable criteria. However, it was the auditor's interpretation that an 

application of strain criteria should include a dynamic finite element 

analysis to obtain the elastic stresses used in the strain calculation.  

The following actions were taken to resolve this issue. The scope of 

the audit was expanded and redirected. Four more of the most highly 

stressed calculations were subjected to full audit (Calculation Nos. AF-03, 

SI-51, RC-120, and RS-54). Based on the results of the six audits, the 

rigorous hand calculation methodolocy was found to be reasonably uniform 

and consistent with the walkdown me:hodolocy originaily Proposed and is 

acceotacle.  

Two additional highly stressec calculations were then partially 

audited to define the region of high stress. The area of high stress was 

reviewed for all eight calculations, an: two limiting cases were chosen 

RC-120 and CV-151. Each of these configurations was suzjected to 

ceta led finite element analysis, both by the licensee and the auditor.  

RC-120, which was chosen because it had the longest, most flexible 

unsupported span relative to its section properties, had a hand calculated 

stress of 64 ksi. This compares to the 20 ksi calculated by the licensee's 

and the auditor's conformatory finite element analyses. CV-15, wich was 
chosen because it had the largest concentrated mass in the critical span, 
had a hand calculated stress of 45 ksi. Finite element stresses for this 

piping were 20 and 29 ksi, by licensee and auditor, respectively. The 

large difference in finite element stresses was investigated and attributed 

to a difference in boundary conditions. The auditor's model was truncated 
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one support short of the licensee's model, and only translational 

stiffnesses were imposed at that point. This additional flexibility 

introduced three response modes into the auditor's model not found in the 

licensee's model, and all three modes contributed to the stress at the 

critical point. The finite element model was not modified because the 

results clearly show the hand calculation methodology to be conservative.  

Based on the results, the hand calculation methodology was found to be an 

acceptable means for calculating stresses and strains for comparison to 

allowable values.  

2.1.6 Pipe Supoort Criteria (3.3) 

Criteria for pipe supports are defined in four areas: structural 

steel used in pipe supports, concrete anchor bolts, catalog components, and 

welds. Each are discussed separately in the subsections which follow. The 

calculations audited to verify correct application of these criteria are 

listed in Tables 2.3 and 2.4.  

Si~ Su oor -. tu-c t ur al tel C r"t r ia (3.3.) 1 h 

criteria from the ASME code, Summer 1983 Addenda, for Level D lcacs were 

proposed and accepted. An increase of yield strength for pipe supeprt 

materials of 30% was Proposed and accepted as a screening criteria for 

application of the ductility criteria. Supports not acceptable under the 

increased yield strength would be evaluated with the ductility criteria.  

Audit results indicated that these crIteria were uniformly applied in the 

:aiculatons with tne following exceptions.  

In the analysis of support SI-01-0961-H01 (data point 20, CA-5 ), 
the allowable stress was increased by a factor of 1.33, 3% above the agreed 

value. Impell staff indicated that this was an application of the factor 

allowed by the AISC code for eartnquake loads. This was found to be 
acceptable, based on the margin demonstrated in the argument supporting the 

application of the factor of 1.3. Impell staff also indicated that both 

factors would not be applied simultaneously. This was verified by the 

audits.  
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In the analysis of support SI-14-0454-HOO2 (data point 100, SW-02) the 

allowable stress used was 0.7 Fu instead of 1.3 Fy. The licensee stated 

that the use of 0.7 Fu resulted from the criteria expression for allowable 

stress as the minimum of 0.7 Fu and 1.3 Fy. Since the predominate 

structural material used for pipe support structural steel is ASTM A36, for 

which 0.7 Fu controls the allowable stress, this error is inconsequential.  

This was checked and found to be true for the support. The calculation is 

acceptable.  

A similar error was detected in the audit of the pipe support 

modifications. The support at data point 110 of the SI-04 piping 

(Calculation No. DC-1983) had an allowable stress calculated using 1.3 Fy, 

and 0.7 Fu controls for the A36 steel used. The correction of this error 

led to a change in status for the design from acceptable to unacceptable.  

One beam was overloaded. However, the original evaluation of the beam took 

no credit for plates which had been added to the beam to create a box 

section. When credit was taken, the beam was shown to be acceptable. This 

information was taken from an audit of the amended calculation. Based on 

the overall consistency of the work as found in the audits, the error was 

classified as an isolated incident. This was verified by a partial audit 

of 8 additional calculations (identified in Table 2.'), all of which were 

Sound in orcer.  

The aoolication of pipe support structural steel criteria found in 

audits of the calculations is acceotable.  

2.1.6.2 Pice Sucoort Concrete Expansion Anchor 3clt Criteria 
(3.3.2 and 2.6). A decrease of the :actor of Safety (FOS) for existing 

anchor bolts was proposed. The proposed FOS was 2.0 (vs a current range or 

values of 4.0-5.0), and was to be applied only if, among other 

restrictions, the overall FOS for the support was 4.0/5.0. This was 

accepted, provided that load redistribution effects be adequately assessed.  

This methodology was used in the analysis of support SI-08-3056-H503 

(data point 135, AC-06). The licensee's interpretation of redistribution 

effects was found unacceptable. Bolts which could meet the FOS = 2 
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requirement were given full credit for carrying the load, which is 

equivalent to no load redistribution at all. The licensee would not accept 

the auditor's interpretation, that no load carrying capability be given to 

these bolts.  

Discussions were conducted which resulted in the licensee's 

application of modified criteria and an agreement that audit of the 

application of the modified criteria be included in the case-by-case 

reviews. This is discussed in detail in the TER. Details of the audit are 

reported in Section 5 of this report. Applications of the criteria were 

found acceptable.  

2.1.6.3 0ie Supocrt Cataloc Comoonent Criteria 3.3.3).  

Manufacturer's load capacity data was proposed and accepted for use with 

new supports. Qualification by analysis or comparison to test data with a 

minimum factor of safety (FOS) of 2 was proposed and accepted, with the 

understanding that the acceptability of the FOS of 2 was dependent on a 

conclusion by the auditor that uncertainties in the methods or data were 

adequately considered.  

Three support subcalculations (SUP-SI-04-02/Z, SUP-MW-02-02/X, and 

SUP-S-51-02/J) were fully audited to evaluate the aoolication of cataloo 

component criteria. In all cases, a manufacturer's .Level A allowable load, 

based on a FOS of 5, was modified for Level 0 to a FOS of 2. This was 
found unac:eptable. The resultina Level 0 stress was substantially lower 

than that provided by the manufactur-er, wo had tone the testing upon whmch 

the Level A allowable loads were based. Rather than dontend the finding, 

the licensee did the following. Stru:s were requalified using 

manufacturer's Level D loads increased to reflect the difference oeween 

actual operating temperature and the limiting temperature upon which the 

allowable load was based. This is acceptable practice per Appendix XVII of 

the ASME Code. Some struts were overloaded in tension due to a 

manufacturer's specification of a tensile allowable load equal to the 

compressive allowable load. Since the compressive limit was based on 

buckling, a failure mechanism not available in tensile loading, the tensile 
limit was unnecessarily conservative. The tensile allowable was modified 
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to account for this, which is acceptable based on common sense. The 

findings above resulted from follow-up audits of subcalculations 

SUP-II-04-02/Z, SUP-SI-04-02/0, and SUP-SI-51-02/J. U-bolts were 

requalified using a Collapse Limit Analysis per Section F1341.3 of the ASME 

Code, 1974 edition, Winter 1975 Addenda. Results of the analysis were 

verified by comparison to test data with excellent correlation 

demonstrated. The allowable loads were then used to qualify-all u-bolts 

which had been overloaded according to the original manufacturer's load 

rating. This resolved the concern raised by the audit of subcalculation 

SUP-MW-02-02/X. These findings resulted from a full audit of calculation 

UBOLT-FS.  

Based on tre results of the audits, catalog components have been 

aualified either to manufacturer' s allowable loads or to alIcwable loads 

established according to the provisions of the ASME Code. This is 

acceptable.  

2.1.6.4 Pipe Support Weld Criteria (3.3.4 and 2.3). Pipe support 

weld criteria based on the provisions of the ASME Code, 1980 Edition, 

Winter 1930 Addenda using Level C allowable stresses 'ave been proposed and 

The calculations subjected to the initial full audit (SUP-AC-06-02, 

SUP-CA-55-02, and SUP-SW-02-02) had no supports with capacities controlled 

by weld capacity. Therefore, the auditing of weld ca:culations was carried 

as a genera item curing tne remaincer o7 the audits. No issues were 

generated concerning weld calculations durina.these audits, which promoted 

tne finding that tne aoplication of criteria to the weld calculations 

within the LTS scoe is acceptable.  

Welds within the R75 scope were qualified by a comoari son of TS to 

RTS criteria. Two practices were identified that were acceptable to RTS 

but not LTS criteria, both involving only welds subject to field 

verification due to either a nonconformance report (NCR) or a field change 

request (FCR). One practice involved the application of a factor of 1.6 to 

specified weld strength, which compares to an LTS factor of 1.33. The 
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second practice involved the use of an allowable stress for E70XX 

electrodes in place of that for E60XX electrodes (21 ksi vs. 18 ksi). LTS 

practice is to use the lower allowable stress. All RTS calculations were 

reviewed for these practices, and checks made per LTS criteria when they 

were found. This work was documented in Calculation Weld-RVW. The review 

of six weld 'subcalculations (identified in Table 2.3) were audited in this 

document and found to be in order.  

Based on audit results, pipe support weld calculations have been done 

according to criteria and are acceptabie.  

2.1.7 Envelope Resoonse Soectra Method of Piping Analysis (3.11.1) 

The following were proposed and accepted for envelooe resoonse s:ectra 

analysis: Complete Quadratic Combination of modal responses may be used in 

place of.the standard Regulatory Guide (R.G.) 1.92 methodologies. Pressure 

Vessel Research Committee (PVRC) damping may be used in place of R.G. 1.61 

damping. Peak shifting may be used for response spectra in place of the 

s-andard peak brcadening mthdczo gy. Selsmic nert a (i an anc cr 

motion (SAM) loads may ce combined by square root or -ne sum cr tne scuares 

(SRSS) in place of the standard absolute summation (ABS).  

In both fully audited cases where this analysis was used (CA-5S and 

SW-02) PVRC damping and SRSS combination of SI and SAM loacs were used; CQC 

combination of modal resoonses and peak shifting were not used. No 

application of CQC combination or PeaK snirting was 7ounc n susequent 

audits. The licensees aoilication of the envelcoped resconse soectra 

analysis methodology is acceptable.  

M.1.8 Multicle-Level Resoonse Soectra Method o' Picin Analysis (3.11.2) 

The use of multiple-level response spectra (MLRS) analysis was 

proposed and accepted, with the following limitations: Peak shifting and 

CQC combination of modal responses may not be used. SRSS of multiple level 

responses may be used instead of ABS if the input motion is shown to be 

uncorrelated, with the understanding that such uses will be reviewed on a 
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case-by-case basis. Combinations of modal responses and spatial components 

must be per R.G. 1.92 requirements. The use of response spectra generated 

. by the FLORA computer code with MLRS analysis may be used, provided PVRC 

damping is not used. PVRC damping may be used, provided that FLORA is not, 

and with the understanding that such use will be subject to a case-by-case 

review audited to ensure that ABS combinati'on is used to combine level 

results.  

In the one case audited where MLRS analysis was used (AC-06) the 

following was recorded: Peak Shifting, FLORA, and CQC.combination were not 

used. ABS combination was used for level combination, with R.G. 1.92 

combination used for modal and directional combination. PVRC damping was 

used.  

These conditions were found uniformly in all subsequent audits, except 

for PVRC damping usage. In some cases, the more conservative R.G. 1.61 

damping was used in place of PVRC damping. Four calculations (MW-02, 

SI-11, SI-52, and RC-102/CV-100/CV-101) using MLRS and PVRC damping were 

auted to ensure correct :evel combination. All used the correct ASS 

metncd. The licensee's apPlication of M.LRS analysis methodology is 

accep- able.  

2.1.9 Other Pipino Analysis M ethods (3.11.3. 3.11.4. 3.11.5) 

The remaining analysis methods proposed for tne LTS evaluation (linear 

time history, similarity, and nonlinear anaysis tacnniques sucn as :ne 

enercy balance methcc, :ne secant st'ffness method and the nonT near time 

history method) were not used.  

2 10 Pioe Suocort Analysis Methods (3.12) 

A load combination methodology with SRSS combination of pipe icads 

whose natural frequencies differed by more than 10% and ABS combination for 

those with natural frequencies within 10% was proposed for gang support 

load combination. This was accepted with a provision that its use would be 
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reviewed on a case-by-case basis. Minimum limits on the distance between 

snubbers and adjacent rigid supports to ensure snubber operability were 
proposed and accepted.  

During the course of the pipe support calculation audit, the licensee 

was asked about the use of the load combination methodology. All load 

combination has been by the ABS method, which is more conservative than 

that proposed. Supports either passed or were obviously overloaded and 

redesigned. This was verified by the audits of supports SI-08-3056-H503 

and SI-06-H6002-H501. Since ABS combination is the most conservative of 

all load combination techniques used, the load combination's performed for 

gang supports are acceptable.  

The proximity criteria for snubbers discussed in Section 3.12 was 

satisfied by an independent evaluation. All large-bore piping isometric 

drawings were reviewed to identify snubbers in use. All such snubbers 

either met the proximity criteria or had not been given credit for 

operation in the seismic analysis. The results of this evaluation were 

documented in calculation LTS-REVIE\. This activity was audited by a 
review of isometrics :or three piping systems (AC-04, AC-23, and MW-04), 
and found to be in order.. The measures taken to ensure that snubber 

proximity criteria have been met are acceotable.  

2.2 General Findincs--Pioinc and Suooorts 

2.2.1 Use of 1/2 SAM Loas in ASME CI 2/3 Ecuation 10 

Review of the load combinations used in the stress calculations of 
piping problem AC-06 showed that the seismic anchor motion (SAM) loads for 

the 0.67 g Modified Housner Soectra Earthouake (MHE) were beinc di:videdcy 

two before evaluation using the ASME Cl 2/3 Equation 10. This is not 
standard SEP Methodology (where seismic inertia and SAM are combined for 

evaluation using the ASME Cl 2/3 Equation 9 and SEP allowable stresses).  

Discussion of this issue revealed that this was standard practice for LTS, 
and that the justification for this methodology is based on current 

methodology. In current methodology, Operating Basis Earthquake (OBE) SAMs 
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are included in the Equation 10 evaluation. Since OBE loads are one-half 

those for Safe Shutdown Earthquake (SSE), the division by two was deemed 

acceptable by the licensee. Unfortunately, the MHE is not an SSE. Even if 

it were, OBE loads can be expected to exceed half of SSE loads because the 

damping used in the building analyses generating piping analysis floor 

response spectra for OBE is less than that for SSE. Therefore the practice 

was found unacceptable. SCE then proposed using the full SAM value in 

Equation 10. This was found acceptable because the MHE is considerably 

more severe than any reasonable postulated site OBE. Two things were done 

to handle the mid-stream change in methodology. For new analyses, a new 

load case called SSAM was defined and used in the Equation 10 check. SSAM 

was defined to be the full SAM load for the MHE, and hence was twice OSAM, 

wnicn had been used in the earlier analyses. This provided a clear 

indication of which methcdology was used in any given computer analysis.  

For the earlier analyses, appendices were added in which the new 

requirement was satisfied. Five such analyses were checked and found to be 

in order (AC-13, AC-131, MW-02, CA-56, and F 4-05). In addition, a check 

for correct inclusion of SAM loading in Equation 10 was implicitly 

inccrporated in the audit process. The check was cerformed whenever a. SAM 
value was associated with the audit process. All ca culations so cnecKeo 

were found to be in order with one apparent exception. Calculation W-32 

lacked the appendix satisfyi n the new criteria and used the OSAM load case 
in the Equation 10 check. Follow-up on this calculation showed that the 

SAM load case was a result of an incorrect assumption that the structures 

to which the piping was attached moved out of phase. Since the SAM loading 

was inconseouential with the correct, in-phase assumpoicn, the error was 
conservative and the addition of the aopendix unnecessary. All of tis was 
documented in calculation LTS-REVIEW, which included the results of the 
checks of all earlier analyses. Based on the number of calculations 

checked for SAM loadina, the error was classified as an isolated inci.ent.  

ts disposition is acceptable.  
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2.2.2 Inclusion of Supports Failing Seismic Criteria in Thermal Analysis 

Review of the highly stressed areas of piping calculation AC-06 
a established that there were two types of problems (failed supports and 

stresses in branch connections beyond SEP allowables), both of which 

occurred in the same area. The area was a header with several branch lines 

rising from it all with pipe guides installed above the header (area of the 

failed supports). Since no branch line had both an overloaded branch 

connection and a failed support, and since the branch connection overloads 

resulted from thermal loading, a concern was developed that the thermal 

analysis did not include failed supports. Discussion of the concern 

established that failed supports are included in thermal analysis. This 

was verified by a check on the support at data pcint S0. The treatment 

of failed supports is acceptable.  

2.2.3 Potential for Missing the Analysis of a Boundary Suoport 

One of the supports at the boundary of piping calculation AC-06 (data 

point 922) was found to be lacking an analysis in the pipe support 

caculations. This raised tne cossibility that the support was not 

analyzed because The support analyst for the piping on each side of the 

boundary assumed the other analyzed the common support. This was not the 

case. ine sucport in question, a grouted penetration, was included in a 

list of similar supports whose analysis was deferred for contractual 

reasons. Once comoleted, the calculation (contained in SUP-GR-PEN, 
Revision 0, November 20, 19S) was audited and found to be in orcer.  

2.2.4 Reclonal Plasticity Concern 

When calculation FW-CS was checked for correct retroactive accH:cation 

of tne modified Equation 10/SAM methodology (see Section 2.2.1), it was 
noted that strain criteria had been applied to five adjacent locations in 

a. Failed supports are supports which are shown to be overloaded by the 
analysis, but shown to be unnecessary with a subsequent analysis which 
excludes them. The supports are not upgraded. Instead, the.piping analyst 
envelopes seismic results with and without the failed supports. The piping 
is then shown to be acceptable under the enveloped load.  
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the piping. This was of concern because the strain criteria was accepted 

in part with the belief that areas of high strain would be isolated. With 

this much high strain in a region, there was a concern that dimensional 

stability (minimum fluid flow area) might not be maintained. In subsequent 

action, the licensee modified the support configuration, reducing the 

number of points with strain criteria applied in the region to one. This 

resolved the concern. No other regions of multiple strain application were 

found during the audits. This was classified as an isolated incident. Its 

disposition is acceotable.  

2.2.5 Reference to Document Outside Scope of Criteria Review 

During the audit of small-bore calculation No. RS-34, a reference was 

made to a document unfamiliar to the auditor. The document, calculation 

'SPAN-1, was identified as the source of acceleration data used in the RS-54 

calculations. A copy of the document was obtained and reviewed. It was 

found to be a collection of data and calculation results done according to 

the small-bore piping walkdown criteria. The document provided span 

lengths calculated for the range of ac eration leve's of pipe si:es, 

materials, operat:in pressures and zemperatures found at SONGS 1. It also 

contained a list of peak acceleration values for al' SONGS 1 spectra, and 

cermutations of SRSS comb nations o pairs of accelerations (North South, 

North + Vert, etc.). Since the data was calculated accoring to the 

walkdown criteria, its use in small-bore calculations was found to be 

acceptable.  

2.2.6 Consiceration or onee Directions of Excitation in Small-Ecre Pirino 
Ca culations 

Two small-bore piping calculations appeared to account or on y one 

cirection of acceleration (RS-54, and W-352). However, follow-uo on his 

issue demonstrated that the single acceleration value which was used in the 

calculations was an SRSS combination of the two transverse peak 

accelerations taken from the SPAN 1 calculation (see Section 2.1.5 above).  

Therefore, the calculations did account for three dimensional excitation.  
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The use of a SPAN 1 SRSS'ed acceleration is algebraically identical to 

using the peak transvepse accelerations to 'calculate transverse stresses 

and then SRSS'ing the results, and is therefore acceptable.  

2.2.7 Negligibly Loaded Critical Small-Bore Supports Qualified by 

Inspection 

The support load summary in small-bore piping calculation RW-352 

identified three critical supports requiring analysis. However, review of 

the associated support calculation showed that only one had been analyzed.  

This was discussed with the licensee, who responded that the lead piping 

engineer had been allowed to defer analysis of small-bore piping supports, 

if, in his opinicn, the loading was negligible. This was based on the fact 

that there was no distinction between large and small-bore pipe supports, 

and therefore the member size for small-bore supports was typically 

controlled by the minimum section size available rather than the applied 

loading. This resulted, in some cases, in supports that were so 

overdesigned that they could be qualified by inspection. Since engineering 

judgment was involved, the licensee was asked to provide a list of aM 

supports so qualified. Of the 12 supports identified, photographs of 4 of 

the most highly loaded supports were chosen by the auditor for inspection.  

The most highly loaded support (3 kips on data point 80 of MS-06), was a 

grouted penetration in a 5 ft thick concrete wall - obviously adequate.  

The weakest member observed was a 1 in. u-bolt with a 0.15 kips seismic 

load (data point 330 of SI-301). The u-bolt was also judged to be 

adequate, with a check performed on the judgrment. The Level A load rating 

for the u-bolt is 425 lb (Reference 4), three times the seismic load.  

Based on the inspection of the photographs, the licensee's qualification of 

negligibly loaded small-bore piping supports by inspection is acceptable.  

2.2.8 LTS Qualification Using RTS Calculations 

RTS calculations were used in two ways in the LTS program. In the 

first usage, RTS finite element analyses of significant portions of 

unmodified small-bore piping were used to obtain stresses for comparison to 

LTS allowable stresses. Areas of the piping which were qualified using RTS 
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criteria not allowed for LTS (such as the energy balance method) were 

requalified using LTS criteria, as were areas that were modified in the LTS 

effort. In four of the small-bore calculations audited (AF-03, RC-120, 

MS-358, and RS-54) such usage was encountered, reviewed, and found 

acceptable. The second usage of RTS calculations involved a formal review 

of the calculation. This was accomplished with a checklist that identified 

all RTS criteria not used in LTS practice. Areas not in conformance with 

LTS criteria were then requalified. This work was documented in 

calculation RTS-REVIEW. The reviews of three calculations in this document 

(RC-102, AF-02, and FW-124) were audited. Two of these reviews (RC-102 and 

AF-02) were encountered during the strain criteria case-by-case review, and 

audited as a part of that effort. The third was chosen randomly. The 

checklist identifies all RTS criteria not accectable in LT practice, and 

provides assurance that all calculations were thoroughly reviewed. The 

requalification calculations were also found to be in order, with one 

exception. RTS applications of the Energy Balance Method were qualified 

for LTS with the equivalent-static hand calculations used for small-bore 

piping. This methodology was approved for LTS application to small-bore 

piping only, and was also apclied to large-bore i in the review.  

Although the hand calculations were shown to be conservative for small-bore 
applications (see Section 2.2.5 of this report), there was a concern thcat 

this conservatism may not exist for large-bore piping. The licensee was 
asked to justify this application of small-bore criteria to large-bore 

piping. This was done in calculation Confirmatory Analysis. Piping 

calculations which had finite element analysis results available were 
reviewed to locate areas representative of those to -c the methods were 

ac:lied. Two were chosen, cetween data points 193 and 476 in calculatIon 

AC-05, and between data coint 1230 and steam cenerator E-lC in calculation 

FW-124. The small-bore method was applied to these areas, and the 
resulting stresses were compared to the finite element results. The 
small-bcre method was found to be conservative by factors of 2. 17 and 2.7Q, 

respectively. Based on this, the application of tne small-bore equivalent 

static analysis method to large-bore piping was found acceptable.  
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3. AUDIT RESULTS FOR MECHANICAL EQUIPMENT AND SUPPORTS 

The following types of mechanical equipment were audited: pumps, 
building founded tanks (ground founded tanks and were audited by others), 
heat exchangers, filters, valves, and containment penetrations. Audits of 

this equipment were performed at the Walnut Creek offices of Impell 

Corporation during-portions of the weeks of October 7, 1985, December 9, 
1985, January 6, 1986, January 27, 1986, and February 17, 1986. An audit 

was also performed at the Idaho.National Engineering Laboratory (the 

auditor's office) on November 8 and 9, 1985. Specific audit dates are 

.provided in Tables 3.1 and 3.2.  

The mechanical equipment audit was subdivided into three tasks to 

reflect the functional organization of the groups that produced the 

calculations: one for valves, one for containment penetrations, and one 

for the remainder of the equipment (miscellaneous equipment). Of the 
7 miscellaneous equipment calculations available, three were chosen for 

audit. The choices were made to obtain a representative sample of the 
equi ment types, and to maintain a balance between active and inactive 
ecuinment. The only type of eouipment not included was the filter, which 
was well represented by the tank and heat exchanger. Audits of the three 
calculations chosen raised no issues recuiring further auditing.  

Valve calculation audit candidates were chosen randomly from the shelf 
on which all the valve calculations were Kept. The number oT valve 
calculations available for audit was not determined, but they occusied 
approximately IS in. of the shelf. Four calculations were chosen 
rancomly. One of the two most similar was then returned to the snelf, and 
another one chosen. This process was repeated several times until the 
three calculations in hand represented a variety of sizes, the various 
types of actuators used, and both active and inactive valves. Full audits 
of these three calculations showed all to be complete, but none were 
formally reviewed and signed off. Therefore, additional candidates were 
drawn from the shelf until one was found that had been formally reviewed 
and approved. This calculation was also fully audited. Since there were 
no issues requiring further audit generated among the four full audits 
performed, no further audits were performed.  
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Three penetration calculations were chosen for full audit from among 

the four available at the time. Specific features of 9 additional 

calculations were then audited to aid resolution of issues raised by the 

full audits. In addition, another calculation was chosen for full audit to 

resolve concern raised by the limited size of the population from which the 

original full audit candidates were chosen. Because of the large 

percentage of audited calculations which were not formally reviewed and 

approved, the final calculation fully audited was chosen from calculations 

which had been formally reviewed and approved. All of these calculations 

are identified in Tables 3.1 and 3.2.  

The audit methodology applied to full audits of mechanical equipment 

was icentical to that used for piping. except that a sincle cass was used.  
The size of the calculaticns was small enough that only one general pass 

was needed, and the number of specific criteria requirements for mechanical 

equipment was sufficiently low that the third pass was not needed. The 

conduct of partial audits, consideration of the publication date of the 

September 1985 SER, and format for presenting the findings are identical to 
that fo iping.  

3.1 SER Related :-incins--Mecnaniaas Eauioment and mu erns 

3.1.1 Miscellaneous Mechanical Ecuipment Criteria arc Methdolgy (3.5) 

The ASME Code, 1983 Edition, Summer 1983 Addenda. with Level 0 service 
limits was proposed and accected for use in the seismic analysis 
nactive pumcs, pump supports, buiiding founded tanks, heat exchangers ano 
iters. Level C service limits were proposed and accepted for pumps. -e 

criteria application in the calculations has been found acceotaole as a 
esult of the audits.  

The methodology proposed and accepted for mechanical equipment 
analysis consisted of either equivalent static or dynamic analysis.  
Bijiaard analysis was accepted for nozzle qualification, provided that its 
application included a check to ensure its accuracy for the particular 
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geometries analyzed. The audits established that the calculations do 

correspond to these methodologies, including the accuracy check-for 

Bijlaard analysis applications, and are acceptable.  

3.1.2 Valve Criteria and Methodology (3.6) 

Subsection NF of the ASME Code, with Level C service limits for active 

valves and Level 0 for passive valves was proposed and accepted for use in 

analysis. An equivalent-static hand calculation methodology which 

considers gravitational, operational and seismic loads was proposed and 

accepted. These criteria and methodologies were met in the calculations 

audited. In some cases, a verified computer code, VALVCAL 4, was used in 

the c:culations. The code performs finite element analysis, which is 

generally more detailed and accurate than hand calculations. Use of the 

computer code was also found to be acceptable.  

3.1.3 Penetration Criteria and Methodology (3.3) 

The pertinent criteria of the ASME Code, 19380 Eition, Winter 190 
Accenda have been aporoved for the analysis of oene:rations. Piping 

components associated with the penetration have teen analyzed according to 

the SONGS 1 LTS piping criteria. Acceptable methocologies include textbooK 

solutions, axisymmetric finite element analysis, and Bijlaard analysis.  

Bijlaard analysis was approved with the understanding that its application 

would include a check to ensure the solution accuracy for the partic.ular 

geometries. The audits of penetration calculations have established that 

:ney conrorm to these criteria and methodologies, and are acceptable.  

3.2 General Findings--Mechanical Equioment an Suoports 

3-21- Sma -- re Pai ap-------- Zze L:ad Cal--cu------------ tion .MethcdcCocy for El oment 

Analysis 

Audit of the Hydrazine Tank calculation (No. EQ-28) revealed a 

calculation of small-bore piping nozzle loads for use in the tank 

analysis. Since the usual source for nozzle loads--the piping.analysis 
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calculations--was not expected to provide all necessary small-bore nozzle 

loads, the licensle was asked to provide a detailed description of the 

methodology used for this calculation. The methodology was reviewed and 

found to be an equivalent static analysis technique similar to that used in 

the small-bore piping calculations, which is acceptable based on the 

requirements of Section 3.9.2 of NUREG-0800 (Reference 5). The calculation 

of nozzle loads for the Hydrazine tank conforms to this methodology and is 

acceptable.  

3.2.2 Nozzle Load Combination Methodology for Penetrations 

Audit of calculation No. LTS-PEN-03 revealed that inside and outside 

nozzle loads were combined using "square root of the sum of the squares" 

(SRSS) methodology without a check to ensure that the significant piping 

natural frequencies involved differed by more than 10%, as suggested by 

Regulatory Guide 1.92. Discussions with the licensee about this 

calculation established that SRSS combination had been allowed in a limited 

number of cases. Since this practice was not per Project Instruction 

cuidelines, a detailed descriotion of the methodology was requested and * rovided. The methodology was reviewed and found acceptable per Regulatory 
Zuice 1.92. SRSS combination was allowed, provided that the 10% frequency 

check be successfully made. Calculation No. LTS-PEN-03 was modified to 

inlude the check, subjected to a partial audit, and found acceotable.  

Since this calculation had not been per the agreed methodology, an 

additicnal nine calculations were subjected to a partial audit (these are 

listed in Table 3.2). As discussed in the Following two sections, .the 

cartial audit was ih three areas, one of which was to ensure that SRSS 

combination be accompanied by the 10% frequency check. he calculations 

were found to contain the check where apropriate. The application of load 

combination methodology in the calculations is acceptable.  
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3.2.3 Consideration of Inside and Outside Small-Bore Piping Nozzle Loads 

In Penetration Analysis 

Audit of calculation No. LTS-PEN-01-SB revealed an unacceptable 

methodology for calculating nozzles loads for small-bore piping which did 

not have such loads provided by the associated piping calculation. The 

methodology involved an assumption of a bending moment associated with a 

linear elastic bending stress of twice yield in the associated pipe 

section. Although this moment is about 40% higher than that necessary to 

cause a full plastic hinge in a single pipe, it was found to be 

insufficient to represent two simultaneous'(inside and outside) loadings.  

The licensee then proposed increasing the loading by a factor of 1.4, 

comparable to an SRSS combination of inside and outside nozzle 10ads 

associated with the twice yield stress value. nis was accepted because it 

is algebraically equivalent to an absolute summation of inside and cutside 

loads, each associated with a full plastic hinge in the piping. A check 

for the use of the unacceptable methodology was included in the partial 

audits discussed in Section 3.1.2 above, and three more calculations were 

identified where it was used (L5 PEN-02-MLT, -02-S8, and -03-MLT). These 

calculations were modified to reflect the acceptable methodoogy,. subjected 

to partiai audits, and found to be in order. Since one partial audits were 

applied to all penetration calculations associated with small-bore piping, 

thone application of this methodology to the calculations has been found 

acceptable.  

3.2.4 Oualification of the Unreinforced Sohe-e Shell For Penet-ation 

NozZe Loads 

Audit of calculation No. LTS PEN-03 revealed that the unreinforced 

sohere shell had not been cuali:ied for the canetration nozzle lcads. The 
licensee stated that the standard practice is to perform such 

qualification, and that this calculation represents an isolated incident.  

This was verified by the partial audits discussed in Section 3.1.2 above.  
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All other calculations audited included the necessary calculation.  

Calculation No. LTS-PEN-03 had been modified, and found to include the 

unreinforced shell calculation during the partial audits. Qualification of 

the unreinforced sphere shell for penetration nozzle loads was found to be 

assured by the calculations.  
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4. AUDIT RESULTS FOR ELECTRICAL 

EQUIPMENT ANCHORAGES, RACEWAYS, INCLUDING RACEWAY SUPPORTS 

Calculations for electrical equipment supports, raceways and raceway 

supports were performed by different corporations and were audited 

separately. The raceway calculations were audited at the Walnut Creek, 

California offices of Impell Corporation-during the week of October 7, 

1985. The electrical equipment supports were audited at the Norwalk, 

California, offices of Bechtel Power Corporation (BPC) on December 13, 1985 

and February 3, 1986. In addition, one BPC calculation (S-A-04/28) was 

provided for audit at Walnut Creek on February 21, 1986. Specific audit 

dates are provided for each calculation in Tables 4.1 and 4.2.  

The raceway calculation audited was randomly chosen from the 

13 available for audit. The two subcalculations audited were also randomly 

chosen from the calculation. All support calculations in both 

subcalculations were fully audited. The three electrical equipment 

anchorage calculations subjected to the initial full audit were chosen from 
the 74 available for aucit to obtain a samole that included all the 

spectral data used and.all anchorage types.  

The initial anchorage audits revealed several potentially 

nonconservative aspects of a generic nature. They also revealed anchorage 

designs that typically exhibited sufficient overstrenoth to accommodate the 

concerns. This was verified by an extension of the audit scope: ten 
additional, randomly chosen calculations were audted. These audits caused 
another calculaticn to be included in the audit. The initial analyses were 
done using estimated floor response spectra (spectra) while the calculation 
of the required spectra was done in parallel. A comparison of estimated 
with required spectra showed that the estimated spectra for the 
administration/control building were not conservative. Equipment in this 

building was subsequently reevaluated for the required spectra. This was 

documented in calculation ASEE-RE-01. Three of the audited equipment items 

are located in the building, and their reevaluation was fully audited. All 
of these calculations are identified in Tables 4.1 and 4.2.  
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The methodology applied to the audits of the raceways and raceway 

supports consisted of a single pass that included checking for good 

engineering practice and adherence to acceptable requirements. The initial 

audits of the electrical equipment anchorages were conducted identically, 
except that the criteria in Reference 6 were used. Subsequent audits of 

the electrical equipment anchorages were the same, except that a checklist 

was included to ensure that all issues raised by the initial audits were 

considered in the subsequent audits.  

4.1 SER Related Findings--Electrical Ecuioment 

Anchorages, and Raceways, Including Raceway Supports 

4.1.1 Electrical Raceway and Succort Criteria and Methodolocy 

(3.9 and 2.4) 

The criteria which were proposed and accepted for the evaluation of 
electrical raceways and supports were based primarily on the 1980 versions 

of the AISC and AISI specifications. Allowable loads for concrete anchor 
bolts were based on manufacturer's ratings with an apolied factor of safety 
of 4, with additicnal factor of safety aoolied for masonry wall 
appi4cations. Allowed methodologies included equivalent static, dynamic, 
similarity, and nonlinear analysis. The raceways were oualified by the 

application of a 4-in. disolacement limit check. Based on the audits, the 
application of criteria and methodology in the calculations was found to be 
acceptable. Allowable stresses were found to :e as specified in :ne 
cr:teria. The raceway disclacements were checKeC. The applications of 
equivalent static and dynamic analysis techniques were acceptable.  
Similarity arguments were acceptable. Nonlinear analysis techniques were 
not used.  

4.1.2 Electrical Ecuipment Anchcrace Cri:eria and Methodoicay (TER 
Section 2.5) 

The criteria used in evaluating electrical equipment anchorages were 
based primarily on the 1978 AISC specification and the IEEE 344-1975 
standard. Allowable loads for concrete anchor bolts were based on the 
manufacturer's ratings with an applied factor of safety of 4. Equivalent 
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static analysis techniques were used. Based on the audits, the application 

of these criteria and methodologies i.n the calculations was found to be 

acceptable.  

4.2 General Findings--Electrical 

Equipment Anchorages, Raceways, and Raceway Supcorts 

4.2.1 Use of Full Section Properties for Cold-Rolled Beams 

Stress calculations for cold rolled sections in calculation I-EORS-7, 
subcalculation 05, did not include a check to ensure that the section 
modulus need not be decreased to account for local buckling per the AISI 
specificaticn requirements. The licensee indicated that this check had 
typically not been performed. However, a cneck of the cold-rolled beam 
sections used at SONGS 1, made using the specified allowable stress, showed 
that all the sections used were sufficiently compact that no derating of 
section modulus was necessary. The section properties used in calculating 
cold-rolled beam stresses were found acceptable.  

0.2.2 Use of Raceway Suocort Concrete Anchor 5oIts in Masonry Wa71 s 

Audit of the Raceway Support Project Instruction revealed that It 
provided allowable loads for concrete anchor bolts in masonry walls. 7e 

Iicensee stated tnat such bolts were used in practice. Since industry 
practice is to use through bolts, a justification was requested.  
Discussions with the lcnse cavelope: tne 1o wlin9 ocints: (a) the 
alowable loads are extremely conservative, since they result from a 
recuction of factors of 3/4 and 1/4 (tension and shear) applied to the 
usual allowables, which are already based on a factor of safety of 4 
(b) the anchor bolts are installed n grouted wal is only (per the Project 
Instruction) and (c) the safety-related walls to which such installations 
are limited have been reinforced with ductile steel, coth horizontally and 
vertically, and have been shown to be capable of maintaining a high degree 
of integrity during and after experiencing an earthquake more severe than 
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the modified Housner Earthquake (Reference 7). Based on these points, the 

use of raceway support concrete anchor bolts in grouted, reinforced masonry 

walls is acceptable.  

4.2.3 Assurance of Embedment Evaluation 

It is a good audit practice to extend the scope of the audit a bit 

beyond the boundary of the organization under audit. This allows auditing 

of the interface between organizations. In this case, the boundary occurs 

between the attachment weld, considered part of the equipment, and the 

embedded element to which the equipment is welded, considered part of the 

building. The calculation evaluating the embedded plates (No. S-B-09) was 

audited and found to be consistent with the electrical equipment support 
calculations.  

4.2.4 Top Mounted Cable Loads 

The anchorage evaluation of the Motor Control Cabinet (MCC) No. 2 

(calculation No. S-A-02/1i) did not include consideration or tne loading 

associated with the top mounted cables. Conversatios with the licensee 
about this topic developed the following points. The associated loading is 

imited by a maximum allowable unsucpocrted-cable scar between cabinet and 
raceway of 3 ft (per Orawing No. 5134189-2, sheet E, "General Notes and 

Legends," Revision 2, 1983). The criteria do not specifically require 

consideration of cable loads, but do include a requirement to incluce une 
"weight oF all :ermanent attachments." Electrical equipment weignts are 

typically increased by a factor of 20% to provide a measure of conservatzsm 
in tne weignt estimate. The MCC consists of 11 identical units mcunte 
side by side to form the cabinet, each unit with a different assortment of 
ecuioment mounted inside. ts qualification consiste of a oualification 

or tne neaviest of the units, as determined by the analyst. The particular 
unit chosen did not have top mounted cables, so there were no top mounted 
cable loads in the analysis. The audit established that the analysis of 
the single unit did constitute an adequate qualification of the entire 
cabinet, including the cable loads. The unit analyzed contained 

significantly heavier equipment than all the others except one, which was 
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identical to the unit analyzed. Its weight had been increased by 20%. The 

cabinet's critical aspect ratio, height to depth, was identical to that for 

the unit analyzed. Although the cabinet's analysis was found acceptable, 

the scope of the audit was extended, primarily because the criteria did not 

specifically mention cable loads. Ten additional calculations were 

audited, six of which had top mounted cables. Three of the six included 

explicit cable loads. The remaining three (S-A-04/29, S-A-07/42, and 

S-B-08/63) had reserve capability which could accommodate the cable loads.  

The 20% increase in equipment weight was judged to be larger than the cable 

weights. Because of this reserve capability, the calculations have been 

found acceptable.  

4.2.5 Shortcomings in Natural Frequency Calculations 

The anchorage calculation for the diesel generator control boards 

included a natural frequency calculation that gave full credit to the 

cabinet coors for structural rigidity. Because of tolerances in hinges and 

latches, cabinet doors do not participate fully in resisting cabinet 

motion. ine result of fully crediting cabinet door rigidity is a 

calculatec natural frecuency higher tnan the actual one. The licensee 

claimed that the natural frequencies calculated for such equipment are 

surifciently far into the rigid range that the assumtion of ricid response 

is valid despite the shortccmings of the calculation. This was found to be 
the case for the diesel generator control board calculation. To further 

suoport this claim, the licensee reviewed all calculations of cabinets with 
coors, and chose the one with the least anencrage margin for a 
demonstration calculation. The calculation snowed tna: the natural 
frequency of the cabinet was 31 Hz with the assumotion of no door 

rigidity. inis was considerably lower than the original calculated natural 
freauency (53 H:) but still well within the rigid rance (the -arc Period 
acceleration frequency was 20 Hz). The claim was also evaluated during the 
.audits of ten additional calculations. Seven of the ten calculations 
included natural frequency calculations which gave full credit for door 
rigidity. Six of the seven had sufficiently high fundamental natural 
frequencies to accommodate the effect of door flexibility and still 
demonstrate rigidity. The seventh (S-B-06/49-C) did not have a 
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sufficiently high natural frequency to ensure rigidity, but it did have 

sufficient anchorage reserve capability to accommodate a seven-fold 

increase in loading. This compares to a potential increase of loading by a 

factor of 1.5 to account for dynamic response.  

The anchorage calculation for the pressurizer instrument cabinet 

(calculation No. S-B-02/52) included a natural frequency calculation based 

solely on the cabinet, with no consideration of its angle iron support 

structure. This .was discussed with the licensee, and it was concluded that 

the very high calculated cabinet frequency (882 Hz) combined with the 

stiffness of the support structure (4 angle iron legs, 9 1/2 in. long) 

demonstrated the cabinet's rigidity. This was verified with a hand 

calculation of the combined cabinet/support natural frequency. The result 

(590 Hz) demonstrated the cabinet's rigidity.  

Eight of the thirteen natural frequency calculations audited were 

challenged by the auditor. In seven of the eight cases, the auditor agreed 

with the licensee's conclusion that the equipment is rigid. In the 

remaining case, the auditor found tnat the rigidity o- the equipment was 
questionable. but that its anchorage was clearly capizle o- accommocating 

full dynamic response. In every case, the conclusion that, the equipmen 

anchorage was adequate has been found to be correct. eased on this, the 

calculations are acceptable.  

4.2.6 Base :lat Flexibility 

Audit of the diesel generator control board (ca'cuiation 

No. S-3-01/21) showed that consideration of the flexibility of the caoinet 

base had not been included in the evaluation of the anchor bolts. The 

anchorage design consisted of an angle section welded to the cabinet and 
bolted to the top fiance of an embedded C-section. The prying effect of 

such a design had not been considered in the analysis of the bolts. The 

licensee responded to this concern by stating that the prying effect was 

negligible. This was checked by an AISC specification (the applicable 

specification per the criteria) prying calculation. The calculation showed 
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the prying effect to be negligible. Because this configuration and loading 

are typical of the anchorages which may be subject to prying, the practice 

of neglecting the prying effect in such anchorages was found acceptable..  

4.2.7 Completeness of the Calculations 

The initial audit revealed that the Pressurizer Instrument Cabinet 

calculation (S-R-02/52) was incomplete in two areas. The calculation 

called for a field verification of the support configuration. No 

documentation of the field check could be found in the calculation. In 

addition, Sections 1 and 2 of the rack had not been completely evaluated.  

The calculation was terminated after loads had been computed, and no 

stresses were calculated. These shortcomings were identified to the 
licensee, who corrected them. The revised document was subsequently 

audited and found to be in order. No field modifications were required as 

a result of the revision. During .the audit of ten additional calculations, 

a check was made for completeness. All were found complete. This has been 

classified as an isolated incident which has been satisfactorily corrected.  

4.2.8 Oversicht of Suocort Load 

Audit of the anchorage calculation for battery chargers A and B 
calculation No. S-A-04/28) revealed that the evaluation of the anchor 

bolts lacked consideration of a significant loading. The design of the 

anchorace was sucn that the bolts would De subjected to a bending 'cad 
which was not consicerec. re I-censee reviset the cac ation. Audt 
the revision revealed the followinc: the bolts are predicted to yield, -ut 
not to form plastic hinges. Field inspection identi ied the bolts as A307.  

and verified a sufficient clearance around the cabinet and slack in the 
attached cabling to allow for the limited sliding which could occur. Llo 
modifications are planned. The minimum mocdification which wculd bring tne 
design into nominal conformance with the design criteria would be to 
replace the A307 bolts with high strength bolts. Unfortunately, this 
modification would reduce the ultimate capacity of the anchorage. Such 
bolts are brittle, and the anchorage would tend to fail as a result of the 
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bolts breaking. On the other hand, the A307 bolts would bend, allowing the 

development of tensile load bearing capacity to limit sliding and providing 

a ductile response to absorb the earthquake energy. Based on this, the 

revised calculation has been found acceptable.  
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5. CASE-BY-CASE REVIEWS 

The September, 1985 SER has required that every application of certain 
criteria and methods be reviewed. The results of these reviews, called 

case-by-case reviews, are reported in the following sections. The title of 

each section identifies the topic under review, with the appropriate 

section of the SER identified in parentheses. Since the scope and nature 

of the review is strongly dependent on the topic, these details differ from 

section to section, and are described in each section. Several of the 

criteria and methods requiring case-by-case review were not applied in 

practice. This was verified by the audit activity reported in Sections 2 

through 4 of this report. These criteria and methods are: 

1. Similarity analysis for Piping (3.11.4).  

2. Nonlinear time history piping analysis (3.11.5)..  

3. SRSS load combination for gang pipe supports (3.12).  

*n acition to the case-ty-case reviews, there ,,ere areas of the 
criteria aoolication that were identified as needing Particular attention 

in Section 3.0 of the September, 1985 SER. Audits of criteria not included 

in the scope of the case-cy-case reviews which fell into these areas were 
reported in the body of this report. Such areas are listed below, along 
with the section of this report where they are discussedi.  

1. Pipe supoort anchor bolt factor of safety (FOS) between 2 a-- 4 
(2.1.6.2).  

2. Catalog pipe suppor: comconents with OS near 2 (2 .6.3).  

3. Pipe weld material strength (2.1.6.4).  

4. Multiple level response spectra analysis (2.1.8).  
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5. Energy balance method (one of the nonlinear analysis techniques 

.discussed in 2.1.9).  

6. Penetration analysis (3.1.3).  

7. Secant stiffness method (one of the nonlinear analysis techniques 

discussed in 2.1.9).  

8. Nonlinear time history analysis (one of the nonlinear analysis 

techniques discussed in 2.1.9).  

9. Similarity method (2.1.9).  

10. Gang (multiple) pipe support analysis (2.1.10).  

5.1 Piping Strain Criteria Acplications Over 1% (3.1.1.1 and 2.1) 

Section 3.1.1.1 of the September, 1985 SER requires case-by-case 

reviews nor all of the o iping strain c-4teria to strains 

between 1% and 2%. Three such cases were identifiec (calculation 
No. SI-51. AF-02, and RC-102/CV-10CCV-101). All tr-ee calculations were 
reviewed using the following methodology. The first step was to identify 

the critical region. This consisted of all of the piping witnin two 

supports of the location of strain criteria apblication in all three 

orthogonal directions. Piping isometric drawings were reviewed to ensure 

that the critlcal region was adequately defined. The recion was cons cered 

adequate if no collapse mechanism was perceived under the assumption t 
the location of strain criteria aoolication could provide no bending 
resistance. Supports, flanges and valves within the critical region were 

then evaluated to ensure that they had sufficient excess load capaci ty to 

satisfy the recuirements discussed in Attachment 2 of the TER. The excess 

capacity was defined linearly, from a value of 1.0 at 1% strain to 2.7 at 

2% strain. Capacity was defined in terms of the allowable stresses with no 

increase in yield strength, and no use of ductility criterion. These 
requirements were applied to all supports, flanges and valves in the 
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critical region, including anchorages for equipment that provided anchor 

points in the critical region. The 11 calculations included in the review 

are listed in Table 5.1.1. Table 5.1.2 lists the components which did not 

have sufficient excess margin to meet the requirements. These were 

identified to the licensee, who made a commitment to reevaluate them under 

the increased loadings. This was done, with the support reevaluation 

results documented in calculation NRC-SUPT. The reevaluation for the 

remaining components was documented by revision to existing calculations.  

These are listed on Table 5.1.1. With the exception of components on the 

RC-102/CV-100/CV-101 system, there was sufficient conservatisms in the 

calculations to accommodate the increased loading. For the 

RC-102/CV-100/CV-101 system, the RTS spectra used were shown to be 

sufficiently conservative compared to the applicable LTS spectra to 

accommodate the margin requirement. This was verified by audit of the 

pertinent calculations.  

As noted in Section 2.1.1 of this report, the application of strain 

criteria was audited as a part of the case-by-case review process. All 

three piping calculations (AF-02, RC-102/CV-100/CV-101, and S-51) were 

audited. The criteria found in the TER and Reference 9 were used. The 

strain calculations were found to be in order. The two additional checks 

for local buckling and low-cycle fatigue were included. Since the 

interference check involved plant walkdowns, it was recorded in a single 

document, LTS-STRAIN. This document was audited and found to meet 

acceptable requirements.  

Applications of the strain criteria were found to oe acceptable.  

5.2 Pipina Suoport Concrete Anchor Bolt Factor 

of Safety Between 2 and 4 (3.3.2 and 2.7) 

Section 3.3.2 of the September, 1985 SER requires case-by-case reviews 

for all applications of a pipe support concrete anchor bolt factor of 

safety (FOS) between 2 and 4. A FOS less than 2 was not allowed. Four 

38



such cases (AC-23, CV-11, MW-02, and SI-52) were identified. All four were 

reviewed using the following methodology. The first step was .to assess the 

effect of potential anchor bolt degradation on the performance of the 

support at which the reduced FOS was applied. All directions in which 

support performance could be degraded as a result of degradation of anchor 

bolt performance were classified a-s critical. For example, with 

cantilevered supports, this was all directions except the one associated 

with axial compression. A critical region was then defined, the boundaries 

of which consisted of supports which would experience increased loading as 

a result of degradation of the anchor bolt failure. Piping isometric 

drawings were then reviewed to determine if the critical region was 

adequately defined. Within the critical region, piping and critical 

support calculations were reviewed to determine the excess capacity 

available to accommodate load redistribution and tuning of system response 

resulting from anchor bolt degradation. Table 5.2.1 identifies the 

calculations reviewed. Table 5.2.2 provides the results of the review.  

Three of the four piping systems were judged to have sufficient excess 

capacity to accommodate load redistribution and tuning of system response 

without further decradation. The fourth system, SI-52, may excerience some 

damage to the supoort with the 0.92 ratio of predicted load to sucoort 

capacity. owever, there is a tnird support, with a atio of load to 

caoacity of 066 for the same loading direction, and the direction of 

loacing is such that the su pport with the reduced anchor bolt FOS could 

provide support for half of each fully reversed cycle of motion. The 

piping nas a large excess capacity to accommodate load redistribution,-an 

consists of an all welded pressure boundary with no ,aives or flances 4n 

the critical region. The support with the reduced KS is installed on a 

wal approximately 2 ft from an ede abutting a cont .:uous perpendicular 

wall. This position, remote from the center and edce effects of the slab, 

would be unlikely to experience severe cracking as a result of an 
earthqua Ke. Based on all of these factors, tne support system for 5-52 

has also been judged adequate with the reduced FOS. None of the four 

piping systems require modification to accommodate the application of 

anchor bolt criteria.  
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As noted in Section 2.1.6.2 of this report, audits of the application 

of anchor bolt criteria were performed in conjunction with the case-by-case 

review. This involved the audit of calculation LTS-ABOLT, which documented 

the application of the revised criteria. All four piping systems were 

evaluated and audited. All base plates had at least four bolts, and only 

two bolts were ever subjected to simultaneous tensile loading. Loads 

beyond those associated with FOS = 4 were redistributed to adjacent 

supports, which were shown to be adequate under the increased loading with 

a minimum FOS of four for anchor bolts. The base plates had been inspected 

in the field and found to be satisfactorily installed, including proper 

embedment. This was properly documented in the calculations. The 

application of anchor bolt criteria, as found in the calculations, is 

acceptable.  
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6. PLANT INSPECTION 

Inspections were conducted at SONGS 1 on August 20-25, 1985, and 

April 14, 1986. The first involved observation of the collection of 

as-built data to be used in piping analysis by the licensee. The second 

involved observation of the as-modified condition to assure conformance 

with the calculation assumptions.  

6.1 Inspection Scooe 

The scope of the first inspection included all in-containment portions 

of the safety injection lines (SI-150, SI-155, and SI-158). These lines 

were chosen so that the inspector could observe SI-158 in connection with 

the confirmatory analysis of that piping in addition to observing the 

collection of as-built data. The remaining lines were part of the group of 

lines including SI-158 to be inspected by the licensee's inspection team 

under observation by the inspector.  

The scope of the second inspection included piping, electrical 

raceways, and electrical equipment. Two piping systems were chosen (SI-52 

and AF-02). SI-52 was chosen because of the application of a pipe support 

anchor bolt factor of safety (FOS) less than 4 to one of its supports (see 

Section 5.2 of this report). AF-02 was chosen because of an application of 

the large bore piping strain criteria to one of its components (see 

Section 5.1 of this report). Three areas of electrical raceways were 

inspected, all found in the south exten-sion of the turbine building. The 

areas were chosen because they contained raceways that had been identified 

as needing additional supports in the original SEP seismic upgrade effort, 

but were later shown to not need additional support by the LTS evaluation.  

The former evaluation used a minimum support spacing criteria, the latter, 

a more detailed calculation (discussed in Section 4.1.1 of this report).  

These areas were inspected, in part, as a check on the new criteria. The 

specific areas involved are near support Nos. 138, 15, and 49 of sheet 176 

of DCP No. 82-162-20C. The electrical equipment and anchorages inspected 

are located in the 0. C. Switchgear Room and the Battery Room. The initial 

intent was to inspect the Battery Chargers A and B in relation to the 

equipment anchorage issue discussed in Section 4.2.8 of this report. Other 
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equipment in the area was inspected as a matter of convenience. This 

included the Inverter Cabinet nearest the Battery Charger, the Battery 

Racks, and a safety shower located in the Battery Room.  

6.2 insoection Findings 

In general, the inspection findings were positive. Some additional 

confirmation was requested in some cases, as discussed below.  

6.2.1 Inspection Findings for Piping and Suooorts 

As a result of the first inspection, the conclusion was drawn that the 

procedure used for gathering piping data ensured its accuracy. All 
dimensional' data was measured by the first insPector and confirmed by the 

second before recording. Photographs were taken of all valves and pipe 

supports. This conclusion was verified during the second audit. No 

discrepancies were found between the data used in analysis and the field.  
configuration. In the areas of application of alternate criteria (anchor 
bolt =OS less than 4 for S -52, and strain criteria for AF-02 , no features 

were found in tne field which were not accounted for in the analyses, nor 
Were any found which necated the positive conclusions of those analyses.  

b.2.2 Inspection Findinas for Electrical Raceways :nc uooorts.  

No discrepancies were found between the field configuration and tne 
,rawings. Tne areas inspected, all of which included locations of suocorts 
defined for SEP and delated during LTS, appeared to be uniformly and wel 
suoported. This confirms the validity of the criteria used.  

z.2.3 :nsoection Findincs for Electrical Eauioment and Anchcraces 

inspection of the equipment revealed no poorly supported components or 
wiring, and no inadequate support elements. For the Battery Chargers A 
and B anchorage, no features were found in the field which were not 
accounted for in the analysis, nor were any found which negated the 
positive conclusions of the analysis. Two areas were found that required 
confirmation from the licensee.  
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An OSHA type safety shower was observed in the Battery Room. Failure 

of the shower could adversely impact functionality of the batteries. The 

licensde was requested to provide assurance that either the shower has been 

seismically qualified, or that such qualification is not necessary. In 

Reference 9, the seismic qualification of the shower was shown to be 

unnecessary. There are drains in the floor capable of preventing flooding 

of the battery room if the shower were to fail. Not -seismically qualifying 

the shower is acceptable.  

Observation of the battery racks indicated"that they were a recent 

addition relative to the age of.the plant. A summary report of the 

measures taken to ensure seismic qualification of the racks was requested 

f em the licensee. This was provided in Reference 10.  

The battery racks have been seismically qualified to current 

requirements in the standard fashion delineated in Section 3.10 of 

NUREG-0800 (Reference 5). A dynamic analyses was performed with the 

resulting stresses shown to be less than 90% of minimum specified yield 

strenctns. Te Cualification is acce table.  

6..1 Inspection Findincs for Cecradation of Pici n and Ecuiomert Succorts 

Significant degradation of Pipe and equioment suppcrts due to 
corrosion was identified as an issue in a walkdown performed prior to the 

R7S Program (Reference 11). The licensee committed to inspecting an
evaluating these supports anc maiing any necessary repairs (Refeence l) 
Although no sceci;ic inspec-tons were conducted to confirm the resolution 

of this issue, the conclusion is made that the licensee has adequately 
addressed it based on the following. No cases of decracation were observed 

in four recent inspections one reated to the RTS program reoortec in 
Reference 15, one relatea to small-bore pipinc anavsis reoorted in 

Reference 16, and the two discussed in this report). These inspections 

covered piping and equipment in the yard (outside), in the turbine 

building, and inside containment. In addition, 195 photographs of 
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equipment and pipe supports (including equipment supporting piping), taken 

during the plant inspections, .were reviewed for degradation with none 

observed.  
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7. CONCLUSIONS 

Some 46 calculations were fully audited. Specific features of 48 more 

were audited. Case-by-case reviews involved 34 calculations. Based on 

this audit activity, the majority of LTS criteria and methods were found to 

be correctly applied. In the remainder of the cases, revisions were made 

which brought the calculations into conformance. Revisions were verified 

by additional auditing. In some cases methods were found which had not 

been delineated in the criteria and methodology review. These methods were 

either reviewed and found acceptable, or they were replaced by acceptable 

methodologies. This was also verified by additional auditing of 

soecifications. Based on the audits, the population of calculations 

represented by the audited calculations has been found to be in confzrmance 

with the requirements. Further, based on the plant insPections, the 

calculations accurately reflect plant conditions.  
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13. Letter, 0. G. Eisenhut (NRC) to K. P. Baskin (SCE), dated November 21, 
1984, transmitting Contingent Recision of Suspension and Supporting 
Safety Evaluation Report.

14. Letter, H. Thompson (NRC) to K. P. Baskin (SCE), dated September 19, 
1985, Subject: Long Term Service (LTS) Seismic Criteria and 
Methodology - San Onofre Nuclear Generating Station, Unit 1.  

25126 
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TABLE 1.1. AUDIT PARTICIPANTS 

Name Affiliation 

S. Atalik Bechtel Power Corporation (BPC) 
Walter Bak Impell 
Dick Blaschke Southern California Edison (SCE) 
T. Cheng USNRC 

0. Day BPC 
W. Drummond BPC 
John Eidencer Impell 
R. P. Ellis BPC 

Ira Farnough Impell 
W. D. Gallo Impell 
Robert Grubb Impel 1 
Gcrdcn Hau Impel'i 

Kim Hoang Impell 
Ward Ingles Impell 
E. M. Kimoto SCE 
R. Kundalken BPC 

Bill LaFramboise Impell 
Henry Lin Imoell 
Bruce Myatt Ipel l 
Lydia Myatt Impeil 

R. 0rnelas SCE 
Ohiren Pandya Impell 
L. Papescu Impel 
J. Rainsberry SCE 

Mark Russell EG&G Idaho 
Mark Scott Imoell 
George Stawniczy SCE 
M. Swatta Impell 

T. Wang BPC 
Tres White Impeli 
Can Woloveke Impell 
Torrey Yee SEC 

y '1 H Ying impel 
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MAILE I .? L I SI fi 0 I111) i lkul lflbo.  

Job Number Igiia)u er 16Vi. iml I, Lc- Auldit Date Title 

0310-069-1I3b2 69-1) 1 1 1?/~'/~ / Iu/t15 Anal ysi1s ul i.a.rqc Bore i ping 
G')-03~ 0i 1)6/20/Wj 1?/ 14)/85 AlldIys is Doddi y ConditLi ons 

69 -1C (Id 06OW/NW I)1098 Aiit Iy~is of simil- Bore P ipiog *irid Tub ing 
1 0 I/ZI/116 W2/01/86 

03 10-069- I 3 ) tl 1) (9/ 19/8!, Il/I I /85 P I o Sioppo)r M~d ifi Cdtjill 

03 10-069- 1355 U I 11/8! (/ 1/115 0II/S Pipe Support. Ev,fludt ion for P ipiiiy Functionality 
(W III//W)f 1?/ 1,,/85 I'iocetiure for Gruu d Peiietrdt ioi EVa IUdt iOn 

0310-0/2 03I 11-1)1-0 1 Ui fh//I 1(1/(19/85 Loitq-lerm Surv ice LVd IUdt iou Of Equipment dnd 
L qoi pment. Supp~or, Is 

03 10-0/3-15 I (hb 010 -0/3-ul 1I 0// 15/15 lU/mi/85 L oi ig- f[cr1 Serv ice Lva ijdtiion of Values 

0310-0/4- 13!)6 0ii I-01'1-01 U1 It)/W1/d, I I/ld/ts Lung- [erlg ScrV K-e Eva IudtLionit ulPenetrations 

03 10-0//- 13Y) U I I 1)9/ 15/M1 10/08l/OS EVdluaL ion of ll~icewdy Supports 

. Rev is ion 0 of' Lliis docoumitL was revieviwed as par I of thme cr i trid review.  
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TABLE 1.3. LIST OF ACRONYMS 

ABS Absolute summation method 
AC Auxiliary cooling system 
AF Auxiliary feedwater system 
AISC American Institute of Steel Construction 
AISI American Iron and Steel Institute 

ASME American Society of Mechanical Engineers 
ASTM American Society of Testing Materials 
BPC Bechtel Power Corporation 
CA Containment air system 
CL Class 

CQC Complete quadratic combination 
CV Chemical and volume control system 
FCR Field change request 
FOS Factor of Safety 
Fu Ultimate strength 

FWd Feedwater system 
Fy Yield strength 
IEEE Institute of Electrical and Electronic Encineers 
LTS Long term service 
MCC Motor control center 

MHE Modified Housner earh e 
MLRS Multiple level resconse soectra 
M zMain steam system 
MW Miscellaneous water system 
NCR 'Nonconformance report 

isC Nuclear Regulatory Commission 
OBE Operating basis earthouake 
OSHA Occupational Safety and Health Act 
PVRC Pressure Vessel Researcn Commitee 
RC Reactor coolant system 

RG Regulatory Guide 
RS Reactor sampling system 
RTS Return to service 
RW Radioactive waste system 
SAM Seismic anchor motion 
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TABLE 1.3. (continued) 

SCE Southern California Edison Co.  
SEP Systematic Evaluation Program 
SER Safety evaluation report 
SI Safety injection system; seismic inertia (load) 
SONGS 1 San Onofre Nuclear Generating Station, Unit 1 

SRSS Square root of the sum of the squares method 
SSE Safe shutdown earthquake 
SW Salt water system 
TER Technical evaluation report 
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TABLE 2.1. LIST OF AUDITED LARGE-BORE PIPING CALCULATIONS 

Calculation 
Audit 

Number Revision Date Date Remarks 

AC-06 0 08/28-85 09/19/85 Full audit 

AC-13 1 10/07/85 10/08/85 Audited Eqn 10 correction 

AC-131 1 11/29/85 12/12/85 Audited Eqn 10 correction 

CA-55 0 08/26/85 09/20/85 Full audit 

CA-56 1 11/29/85 12/12/85 Audited Eqn 10 correction 

1 10/08/35 10/03/85 Audited Eqn 10 correction 
2 12/20/85 Audited resolution of 

regional plasticity concern 

MW-02 0 10/11/85 12/12/85 Audited Eqn 10 correction.  
02/17/86 Audited MLRS + PVRC damping 

application 

SI-11 1 11/29/86 02/27/86 Audited MLRS + PVRC damping 
application 

2 11/9/836 02,27/6 Audited MLRS PVRC damaine 
aolication 

SW-02 0 08/28/35 09/20/85 Full audit 

Confirma- 0 04/08/80 04/16/86 This calculation verfies 
tory the suitability of apolying 
Analysis the small-tre eauive 

static calculation method 
to large bore ciping.  

LS-R=VTEW 0 - -- This calcuation documents 
work generated by tne 
audit. The work was 
audited as it was finished.  

RTS-REVIEW 0 02/11/86 02/22/86 This calcula-ion docuet 
LTS review of RTS caIcula
tions; reviews of calcuia
tion Nos. AF-02, FW-124, 
and RC-102 were audited.  

a. This calculation had not been formally reviewed and signed off at the 
time of the audit.  
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TABLE 2.1. (continued) 

Calculation 
Audit 

Number Revision Date Date Remarks 

LTS-STRAIN 0 03/31/86 04/08/86 Documents field interference 
check and associated 
calculations.  
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TABLE 2.2. LIST OF AUDITED SMALL-BORE PIPING CALCULATIONS 

Calculation 
Audit 

Number Revision Date Date Remarks 

AF-03 0 10/24/85 01/08/85 Full audit 

CV-151 1 -- a 01/08/85 Audited application of 
strain criteria, performed 
confirmatory analysis of 
strain criteria application 

MS-358 1 -- 01/09/86 Audited application of 
strain criteria 

MW-02 0 10/10/85 12/12/85 Full audit 

SI-51 0 09/23/85 12/10 /85 Full audit 

RC-102/ 3 09/14/84 02/17/86 Audited MLRS + PVRC damping 
CV-100/ application 
CV/101 

RC-120 1 -- 01/07/86 Full audit; performed con
firmatory analysis of 
stran criteria applicaton 

C9/25 01~7S =UV adi 

RW-352 0 10/02/85 12/12/85 Ful audit 

SAN-1 109/20/85 01H08/86 Full audit; contains ca
culations of most allowable 
span lengths likely to be 
neeced in SE :alculations 

a. These calculations had not been formally reviewec and signed off at the 
-me of the audit.  
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tso ~ ed 

C c I lat i il 1: I cu I atA AlA) Al.  
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SLI-SI-bI-Ill ~ I V I -- 0 1/ P2/80 LUt Aodited opIiovl tilfncss CalICUdLato 

SUPV-SI-b5 I-0? I IS 08/ 12/8OS ()1/0//8 Lt id ilted s t.,trt Complluemmt. CapaCity 

Ca 10 CIA at ioI 

I I!, I - 1/ :io LB Aodl II mmli it ld adadrd Compcoent 
yL ' dIculat ionl 

I' 1 0//, 1/80 LUt Audi ted mud it led steuidard Coml1lmomleilt 
Capaity Ca ci latioii 

SUP'-SW-02-01,o2 -- 0 09/l04/81) Ol/21 1/85 LUt Full I ddit. ut dlI support CaICUidt ionS 

SUP1-GII-PEN 912 /0O 1 ?2/85 FoA I adtit of I qIrouted Ijemetrition from 
pipingy calclil ot AL-06



I iWLL 2. S (coiL i iOd) 

CdICO ldt. ioOl C~ d: I cuIl . 1 ilnAu 
Niaber V!,L~ Pt o<v i i oil DLed DdIC L B/Sit lhmdrk s 

UBUL f-I- S 02-- 12 lit/lit) -- j I I jml it of U-bolIt quudII lf iCdton 
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kb.uc Ba~rd V il ill( 

ct ICUIat i ol - cut I 'I Lul ili oi 
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DC- 19(p) F W-oi) ?U 11 lJ~1/~ Il 1/8b Ful Ia ud it 
Dc- 1906 rW-otb 811A/ 0 U9/24/8') tIo/ I IWis Audi ted asucitr lie It ca.,pacity Cd tcuI ttiOf 
IDL- 19u/ I W-olu 101//' u IJ//J 10/1Ili;,) F Full auditL 
Dc- 19112 1I-i 2/oi,/b 1?/I'1/16 Audi ted CatCU tati l of atlu(wab) I stress 
IJC- 1982 StI -ot W o 80 1 ?/u/as, I?/ [1/Wi Audi ted Cdukil o Cuoa &Uif aIwl waie s tres .S 
Ic- 1983 SI -04 It 0 o/mh/11b ' I 1/85 Full dudit 

1/ 0d 1211l4111- Aud i t ed reso lutkj let uoverstress plrub teln DL- 199 1 MS- 35 210 0 tt/08/85 12/ 14/8S AuditLed cdaIcutaI dt iO dllowable stress DJC-2020 AC-U!I 282? 0 10/ l5/mS 1?/ 14 /it! Aud itedl cdICUlatjoUo dIt t lOWdbIe stress M6l 0 tO///15 12114/ 85 Au ditLed cdlcuIaltui all IowablIe stress 
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TABLE 5.1.2 CRITICAL COMPONENTS REEVALUATED AS A RESULT OF THE STRAIN 
CRITERIA APPLICATION REVIEW 

Load Support/Anchorage a 
Pipina System Identification Factor Remarks 

AF-02 SI-06-8110-HOO2 1.27 
SI-06-8110-H503 1.27 
SI-06-8111-H302 1.27 
Pump G-10 1.27 The two pump 

anchorages were 
reevaluated with 
increased AF-02 nozzle 
loadings.  

Pump G-105 1.27 

RC-12/CV-C1O/'CV-101 SI-01-2031-H3C 1.47 
No number 1.47 A new support (guide) 

near valve CV-305 
Regenerative HX 1.47 The heat exchanger 

anchorage was 
reevaluated with 
increased RC-102/ 
CV-100/CV-101 nozzle 
loads 

SI- SI-02-6C5-HO0 1.  
SI-06-6005-HO01 1.19 
SI-06-6005-H005 1.19 
SI-05-6005--HO06 1.19 
?enetration B-1A 1.9 The two penetrations 

were reaualified w.ith 
outside axial SI-51 
nozzle loads increased.  

Penetration B-B . 1.19 

a he lcad factor was multiplied by existing loads to obain oads used 
for reevaluation.  
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TABLE 5.2.2 RESULTS OF THE REVIEW OF APPLICATIONS OF PIPE SUPPORT ANCHOR 
BOLT FACTORS OF SAFETY BETWEEN 2 AND 4 

Ratio of Calculated/Allowable 
Stress in Critical Region 

Piping Anchor Bolt 
Calculation Factor Piping 

Number of Safety (egn 9) Support 

AC-23 3.4 0.42 0.54 

CV-11 2.3 0.25 0.54 

MW-02 3.8 0.13 0.36 

SI-52 .3.0 0.303 0.92 
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1 .0 Introduction 

1.1 PURPOSE AND BACKGROUND 

This report provides technical evaluations of the Licensee's analysis of 
safety-related structures (including modeling techniques, methods of analysis, 
and results) with respect to the compliance with the Systematic Evaluation 
Program criteria, applicable industrial codes, and the applicable Nuclear 
Regulatory Commission (NRC) criteria. In the event that upgrading was 
necessary, the upgraded plan's methods and procedures were reviewed for 
acceptability.  

The NRC determined that the modified Housner ground response spectra (a 101 
increase in the 0.07 to 0.25 second period range for the horizontal component 
of acceleration and a 10% increase in 0.05 to 0.15 second period range for the 
vertical component), anchored at 0.67g was the appropriate ground motion for 
the seismic reevaluation cf the San Onofre Nuclear Generating Station Unit 1 
(SONGS 1). This spectrum is referred to as the 0.67g modified-Housner 
soectrum.  

SONGS 1 was shut down from early 1982 to late 1984. Many structures, systems, 
and components were upgraded during this time by a program known as the 
Return-To-Service (RTS) program. The plant was then allowed to resume 
operation, provided that the remainder of the seismic reevaluation program and 
the resulting plant modifications were completed prior to startup from the 
current refueling outage.  

In a meeting with the NRC staff cn February 12, 1985 (Ref. 1.1), and thrCug. a 
letter dated March 12, 1985 (Ref. 1.2), the Licensee proposed their criteria 
and analysis methodology for the Long-Term-Service (LTS) upgrading. Further 
meetings and submittals clarified and, in some cases, modified the Licensee's 
:rcposals.  

Section 2 of this report presents an evaluation of the refueling water stcrage 
tank, and Section 3 gives an evaluation of the turtine-building floor
rescon-scectrum generatio.n. Section I evaluates grade bea:s, electrical 
duct banks, and the turbine building south ex'ension. SectIon vl e 
vent stack, Section 6 evaluates the steel-member desi'gn calculations, Section 
7 presents our conclusions.  

.2 EVALUATION CRITERIA 

SONOS 1 is one of the N.C designated Systematic Evaluation Program (sEP) 
plants, which were not designed to current codes and standards, and to current 
NRC licensing requirements. Therefore, the NRC has developed a set of 
criteria and guidelines for use in reviewing these plants. The following 
documents were used during the review of the SONGS 1 structure design:



a. NUREG/CR-0098, "Development of Criteria for Seismic Review of Selected 
Nuclear Power Plants," by N. M. Newmark and W. J. Hall, May, 1978.  

b. "SEP Guidelines for Soil-Structure Interaction Review," by SEP Senior 
Seismic Review Team, December 8, 1980.  

c. Letter from W. Paulson, NRC, to R. Dietch, the Southern California 
Edison Company (SCE), "Systematic Evaluation Program Position Re: 
Consideration of Inelastic Response Using NRC NUREG/CR-0098 Ductility 
Factor Approach," June 23, 1982.  

d. Letter from W. Paulson, NRC, to R. Dietch, SCE, "SEP Topic 111-6, 
Seismic Design Considerations, Staff Guidelines for Seismic Evaluation 
Criteria for the SEP Group II Plants-Revision I," September 20, 1982.  

For cases not specifically covered by these criteria, the following Standard 
Review Plan (SRP) sections and Regulatory Guides were used: 

a. Standard Review ?1an, Sections 2.5, 3.7, 3.5, 3.9, and 3.10.  

b. Regulatory Guides 1.26, 1.29, 1.60, 1.92, 1.100, and 1.122.  

If the Licensee's proposed methodology and criteria deviated from these review 
criteria and guidelines, we reviewed and evaluated the justification presented 
by the Licensee, based on our experience and best engineering judgment. We 
understand that plant-specific deviations may be found acceptable on a case
by-case basis, as long as they reasonably meet the intent of the SEP review 
guidelines.  

1 .3 REFERENCES 

1.1 Memorandum from E. McKenna to C. T. Grimes, dated February 12, 
1985.  

1.2 Letter from Mark Medford, SCE, to J. A. Zwolinski, NRC, dated March 
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2.0 Evaluation of the Refueling Water Storage Tank 

2.1 Introduction 

The results of the Licensee's Long-Term-Service (LTS) reevaluation of the 
refueling water storage tank (RWST) are presented in Ref. 2.1. The results of 
the Licensee's calculations/analyses were reviewed and audited during the 
following review seetings: December 10-12, 1985; January 7-9 and 29, and 
February 6 and 18-19, 1986. To assist the assessment of the Licensee's 
methodology and seismic responses (including the soil-structure interaction 
(SSI) analysis of the tank) we performed an independent confirmatory analysis 
of the tank for the horizontal excitation. The RWST reevaluation was required 
for the Safety Evaluation Report (SER) issued for the San Onofre Nuclear 
Generating Station Unit I (SONGS-I) Long-Term Service (LTS) (Ref. 2.2, as 
Review Item 3.7). The findings and conclusions of our evaluation are 
summarized below.  

2.2 Discussion 

Our review of the Licensee's LTS reevaluation of the RWST was performed 
in three major areas; 

a. A modeling of the tank, including the sloshing effect and soil 
foundation 

b. A soil-structure interaction (SSI) analysis, and 

c. A reevaluation of the tank and foundation.  

These areas are discussed separately in the following three subsections.  

2.2.1 Modeling of the Tank - For the horizontal analysis, the tank structure was 
represented by a tnree-mass stick model, and the contained water by two 
additional lumped masses. These two masses included a sloshing mass M, and a 
rigid mass My. They were determined by using Housner' s simplified theory 
(Ref. 2.3). We found the tank and fluid model for the horizontal analysis t 
te acceptable.  

For the vertical analysis, the tank shell and water were represented by 
one rigid mass. We found this vertical model of the tank and water also to be 
acceotable.  

2.2.2 Modeling of the Soil Foundation - The Impell version of the CLASSI code ;as 
used for the horizontal SSI analysis of the RWST. We found the application of 
the CLASSI methodology to the horizontal SSI analysis of the RWST to be 
acceptable. This finding was documented in Ref. 2.2. In the Licensee's 
horizontal SSI analysis, the foundation soil, including the backfill, was 
assumed to be one uniform material. The shear modulus of 1390 kilopounds per 

, -3-



square foot (ksf) for the soil was consistent with that used in the SSI 
analysis of the reactor building reevaluation, which was acceptable 
(Ref. 2.4). The soil material damping is taken to be 8%, which is acceptable 
to the NRC per the SONGS-I LTS SER, Item 3.10.2.2 (Ref. 2.2). -We therefore 
found that the soil properties used in the horizontal SSI analysis of the RWST 
were acceptable.  

For the Licensee's vertical SSI analysis, the soil impedance is 
represented by a constant vertical soil spring (determined in accord with Ref.  
2.5). A 10% composite modal damping was assumed, although the actual computed 
value (per Ref. 2.1) exceeded 10%. The vertical SSI model is therefore a 
single degree-of-freedom system having a 10% damping and appropriate soil 
stiffness. In the vertical SSI analysis, additional conservatism was 
introduced by taking the spectral peak acceleration from the ground response 
spectra as the vertical response of the tank. Therefore, we found the results 
of the verbical SSI analysis to be acceptable.  

2.2.3 Analysis Method for, and Results of, the Soil-Structure Irteraction Analysis 

The five-mass (including two water masses) stick model, with CLASSI-ccputed 
soil impedance, was used for the RWST horizontal SSI analysis. This analysis 
was performed by using Impell's version of the CLASSI code. The vertical 
seismic response was calculated by using a one-mass model with soil stiffness 
and a 10% system damping. This analysis was performed by hand calculation.  
The free-field modified Housner response spectrum for the,0.67g seismic event 
was used as input for the horizontal SSI analysis; 0.45g was used for the 
vertical analysis.  

The responses of the tank were in-structure response spectra, the maximnm tase 
moments and shears, stresses, and overturning moments; all resulting from 
horizontal excitation. The in-structure peak accelerations were 0.62g, C.B2z, 
and 1 .21g at the base,. rigid fluid mass location, and roof of the tank, 
respectively. (The remaining results are discussed in sections 2.3.) 

2.3 Tank and Foundation Evaluations - The tank and foundation were reevaluatec 
by the Lic- -ee, based on the seesmic loads generated from the horiz-na ar: 
vertical analyses. The audit was performed for the following areas: tank 
shell, anchorage, soil. pressure, concrete mat (due to a postulated 1.5" 
seismically induced settlement of the backfill, and the seismic loads) 
nozzles and bellows, sliding and overturning stability, and tank roof. They 
are discussed separately in the following list.  

a. Shell buckling was evaluated by comparing the Maximu. compressive 
stress in the tank shell with that allowable for buckling, according 
to the rules of ASME Code Case N-284. The maximum stress accounted 
for included the dead weight, seismic inertial loads, hydrostatic 
pressure, and hydrodynamic pressure. .The resulting safety factor 
against buckling was greater than the 1.34 recommended by the code for 
Level D events. We found the buckling evaluation acceptable.  
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b. The maximum principal stress in the tank shell was evaluated against 
the Level-D-event allowable of the ASME B&PV Code, Section III, 
Division I, Subarticle NC-3800. The maximum principal stress was 
determined by combining the maximum tensile hoop stress (due to the 
hydrostatic pressure, hydrodynamic pressure, and vertical seismic 
load); the maximum tensile longitudinal stress (due to overturning 
moment from the horizontal seismic analysis); and the maximum shear 
stress derived from the horizontal seismic analysis. The evaluation 
criteria and analysis procedures appear adequate. The stress results 
are within the allowables.  

c. The concrete mat foundation was evaluated against the seismic loads.  
In addition, a postulated 1.5-inch seismically induced settlement of 
the backfill soil was assumed beneath the northern and western portion 
of the tank base. The evaluation was done using vertical soil springs 
to represent the soil. The effects of soil settlement on the basemat 
were evaluated by using an equivalent beam model for the basemat. For 
the settlement evaluation, the mat was modeled as Oeing supported by 
an elastic foundation. A uniform load, equal to the dead weight of 
the tank and fluid, was applied to the basemat. The stiffness of the 
equivalent soil springs under one-half of the tank was reduced until 
the maximum displacement in the model was equal to the predicted 
displacement of 1.5-inches. A static analysis was then performed.  

Another analysis was then performed, which considered the mat as 
being supported by a uniform elastic foundation, and loaded by the 
seismic loads and dead weight. The stresses in the concrete basemat 
from the two analyses were then combined by the algebraic sum method, 
and evaluated against the ACT-349 Code. The evaluation results appear 
adequate. In addition, the maximum soil pressure, as generated from 
the second analysis, was well within the allowable.  

d. The anchor bolts were evaluated for tensile and shearing failures 
against the rules of the ASME Code, Appendix F, for Level D events.  
The anchor bolts were also evaluated against pullout failure from the 
concrete. We found the anchor bolt evaluation to be acce:table.  

e. Local stresses in the shell at the nozzle locations were evaluated 
against the allowables from the ASME 3.&.PV Code, Section III, Division 
1, Summer 198 Addend a . The evaluation accounted for piping loads and 

the effect of the postulated 1.5-inch settlement of the backfill 
soil. We found the nozzle-load evaluation for the shell to be 
adecuate; 

f. The sliding stability of the tank and concrete mat was evaluated, 
based on a 0.59 sliding friction coefficient, because if the seismic 
base shear exceeded the friction resistance (normal force times 
friction coefficient), the concrete mat would slide. To determine the 
maximum distance of a slide, the Licensee performed a nonlinear time
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history analysis of the tank using the ANSYS code. The tank was 
represented by a simplified one-mass stick model. The horizontal and 
vertical ground motions were simultaneously considered in the 
analysis, which showed that the maximum sliding distance is on the 
order of one-half inch. We found the sliding evaluation acceptable, 
as long as the bellows on the piping attached to the tank can 
withstand the effect of the tank's sliding, as discussed in Item h.  

g. The overturning stability of the tank was evaluated by comparing the 
kinetic energy induced by the seismic motions to the potential energy 
required for the tank to tip over at an edge of the concrete mat (Ref.  
2.5). The energy comparison showed a safety factor of about ten 
aginst overturning. We found the overturning evaluation to be 
sufficient.  

h. Bellows and Nozzles - There are four bellows connected to the piping 
systems near the lower part of the tank. Two of them (G-50A and G
50B, respectively) are located between the tank and the safety 
injection pump on the two fourteen-inch safety injection lines. One 
(G-27) is located between the tank and the refueling water stzra-e 
pump on the eight-inch miscellaneous water line. The fourth one is on 
the four-inch drain line. These bellows and the corresponding nozzles 
were evaluated against the seismic loads and soil settlement. The 
acceptance criteria for the bellows were based on the Standards of the 
Expansion Joint Manufacturers Association, Inc. The acceptance 
criteria for the nozzles were based on ASME B&PV Code, Section III, 
Division I, Summer 1983 Addenda. Bellows on the L- and 16"-inch lines 
are being replaced with newly designed ones in order to accommodate 
the predicted soil settlement and sliding displacement. We found the 
bellows evaluation and local stresses in the shell at the nozzle 
loactions to be acceptable.  

Tank roof - The Licensee did not evaluate the tank roof, based on 
their belief that a roof failure will not result in a loss of function 
of the refueling water storage tank. This was found to be acceptable.  

2.4 CONFIRMATORY ANALYSIS 

To assist in assessing the Licensee's methodology and seismic response of the 
soil-structure interaction effects, we performed an independent confirm-aorv 
analysis of the tank, in the horizonal direction. The vertical rescorses of 
the tank are much smaller than those in the horizontal direction, and were 
estimated conservatively by hand calculation. Therefore, we considered the 
confirmatory analysis performed in the horizontal direction adecuate for 
assessing the methodology and modeling technique used by the Licensee.  

The tank was modeled using 3-dimensional beam elements of the SAP4 comouter 
code (Ref. 2.6). Masses were lumped along the axis of the tank at the 
appropriate heights, with two masses representing the contained fluid. The 
dynamic fluid model was developed using the analysis procedures of Housner 
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(Ref. 2.3). The mass of the fluid is divided into two parts in this 
procedure: mass associated with the first sloshing mode of the fluid 
(convective mass), and mass associated with the ground motion -(rigid or 
impulsive) mass. The rigid mass of the fluid was lumped with the tank shell 
at the calculated height, according to the procedure. At the same time, the 
convective mass was connected to the shell with a spring, so that the 
vibrational frequency of this mass-spring system equaled the sloshing 
frequency predicted by the Housner procedure.  

We calculated the foundation impedance functions of the the tank by using two 
methods: the CLASSI approach (frequency-dependent impedance), Ref. 2.3, and 
the constant-soil-spring method, Ref. 2.2. For both methods, a uniform elastic 
half-space medium was assumed for the soil under the tank.  

The constant soil-spring methodology is acceptable to the NRC, and has been 
used as a reference for evaluating other SSI methodologies.  

The dynamic modal properties of the fixed-base structure were calculated by 
using the SAU code. For the constant-spring approach, the composite modal 
damping values were calculated by using the COMDAMP code. The LLNL versions 
of the computer codes, CLASSI and RESNS, were used to generate structural 
responses.for the CLASSI and constant-soil-spring approaches, respecti vely.  
CLASSI is a computer code for simultaneously analyzing the soil-structure 
effects and computing structural responses.  

With the CLASSI approach, the peak accelerations were calculated as being 
1 .22S, 0.8'g, C.62g at the roof, the rigid fluid mass, and the base, 
respectively. ror the constant-spring method, the peak accelerations were 
calculated as being 1.39g, 0.91g, and 0.65g, at the corresponding locations, 
respectively. The maximum difference between these two methods is about 
14-. (Appendix A describes the confirmatory analysis.) Therefore, the CLASSI 
approach is acceptable.  

2.5 COMPARISON OF LLNL AND IMPELL RESPONSE RESULTS 

In order to assess the acceptability of the Licensee's methodology and results 
ior generating the rbsponse of the tank, we compared respcnses zenerated by a 
comparable method: the CLASSI approach. As a result, we s-aw differences onlv 
between LLNL's and Impell's results in the second place after the decimal 
point. We therefore concluded that the Licensee's methodology and the results 
for the structural response of the refueling water storage tank are 
acceptable.  

2.6 CONCLUSIONS 

Our evaluation found the LTS reevaluation of the RWST to be 
acceptable.  

2.7 REFERENCES 
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3.0 Evaluation of Turbine Building Floor-Resoonse-Seectra Generation 

3.1 INTRODUCTION 

The floor response spectra generated by .the Licensee for the turbine 
building (T/B) were audited during the review meetings held on July 1-2 and 
December 10-12, 1985. This audit was required by the Safety Evaluation Report 
(SER), Section 3.10.4 (see Ref. 3.1). The Licensee also provided a report on 
Cap-mteer 2L, 1985 (Ref. 3.2).  

3.2 DISCUSSION 

The structural analysis model, including soil foundation flexibility for 
the T/B, is based on a model previously developed by Bechtel. A three
dimensional finite-element structural model was used to represent the T/3 
structure. The Bechtel SSI model uses frequency-independent soil springs, 
in accordance with the Licensee's proposed methodology for an SSI analysis 
of the T/B during the Systematic Evaluation Program (SEP) phase of the 
seismic reevaluation (Ref. 3.3). This approach was considered acceptable 
by NRC staff during the RTS evaluation (Ref. 3.5). For the given model, 
the Licensee previously proposed to generate the floor response spectra 
for the Long-Term-Service (LTS) phase using the direct generation 
technique implemented in Impell's FLORA computer code. The FLORA wide
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* band solution approach has been accepted by the NRC (Ref. 3.1). However, 
the Licensee changed the methodology to use a modified time-history
analysis technique in lieu of the direct generation technique.  

For the modified time-history-analysis technique, a time-history 
modal analysis of the T/B model was performed with the Impell code EDSGAP, 
to generate the floor response spectra at required locations. The floor 
spectra from the time-history analyses were then multiplied by certain 
"correction factors" to obtain modified floor spectra, to account for the 
difference between the input synthetic time-history spectra and the 
modified Housner spectra. The correction factor varies with the 
structural frequency. At each frequency, the correction factor represents 
the ratio of the floor spectrum generated from the input (a synthetic time 
history) to the corresponding floor spectrum directly generated from the 
modified Housner spectra. The direct generation iz based on the FLORA 
methodology, but the actual computation of the correction factors was done 
with another computer code, FACTOR, a special version of FLORA developed 
by Impell. The modified floor spectrum so generated excludes the 
interaction between the piping systems and the T/B structure, and is 
equivalent to using a zero value for the modal interaction mass, mi, when 
the floor spectrum is directly generated using the FLORA code. The 
Licensee indicated during the review meeting that they may consider 
using a non-zero mik wherever the piping system and structure 
interaction effect is deemed significant enough to warrant using it.  

The modified time-history-analysis technique just described appears 
acceptable. However, we were concerned that the correction factor may be 
sensitive to whether the FLORA narrow-band or wide-band solution is 
actually used. We also felt it necessary to review the magnitudes of the 
correction factors at representative locations in the -/B, and to review 
the ordinates of the floor spectra at these same locations those that 
would have been directly generated from the wide-cand sol'2tion of FLORA, 
based on either the modified Housner or the svnthetic-time-history spectra 
being input. In addition, noting that the current floor spectra for the 
LTS typically are lower than the ones for the SEP, we felt that it was 
necessary to qualitatively compare the current uncorrected bfloor spectra 
to the correspondin- spectra previously generated b' Sechtel (during the 
SEP phase of the seismic reevaluation), particularly where a large 
discrepancy occurred between the two. Consequently, as a result of the 
July 1-2, 1985 audit review, we requested the Licensee to provide the 
following additional information: 

a. Correction factors generated from both the narrow- and wide-band 
solutions for the 2% damping spectra at these locations in the 7/B: 

Direction Elevation Location Node Numbers 

N-S 42' Area 2 Deck (A-53) 580, 586, 611 

Vertical 35.5' Area 6 Deck (A-60) 29, 71, 86 
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E-W 35.5' Area 6 Deck (A-61) 29, 71, 86 

b. The 2%-damping, floor-response spectrum was obtained by enveloping 
the three floor-response spectra at the corresponding three 
locations specified in Item a above, which were directly generated 
using the FLORA wide-band solution and based on either the modified 
Housner or synthetic time-history ground spectrum. For example, the 
floor response spectrum at the area-two deck (A-53) at an elevation 
of 42' is the envelope of three spectra (at nodes 580, 586, and 
611). Contributions from the three earthquake components were to be 
combined with the SRSS technique for each of the three specified 
locations.  

c. A comparison of the 2%-damping Bechtel-design floor spectra to the 
uncorrected floor spectra, as generated from the Impell time
history-analysis of the SSI model, at the three locations specified 
in Item a.  

The Licensee provided Item c in Ref. 3.2, and Items a and b during the audit 
of December 10-12, 1985. The information provided appears sufficient to 
resolve our concerns on the acceptability of the T/B LTS floor spectrum.  

3.3 CONCLUSIONS 

Based on the outcome of the two audit review meetings and the additional 
information subsequently provided by the Licensee, we conclude that: 

a. The structural modeling methodology appears acceptable because it 
is consistent with that used previously in the SEP phase of the 
reevaluation.  

b. The correction factor approach for generating the modified 
(corrected) floor response spectrum from the time-history
generated spectrum appears acceptable for the case of mik = 

(c) The LTS floor spectra are cualitatively consistent with those 
previousy generated by Bechtel during the SE? phase and, hence, 
appear adequate.  

3.4 REFERENCES 
3.1 Safety Evaluation Report by the Office of Nuclear Reactor 

Regulation, Long Term Service Plan - SE? Seismic -Reevaluaion, 

Criteria and Methodology, San Onofre Nuclear Generating Station, 
Unit No. 1, Docket No. 50-206, September 18, 1985.  

3.2 "SONGS-1 Responses to NRC Request for Information, Turbine 
Building Response Spectra," Enclosure three to letter from M. D.  
Medford, SCE, to J. A. Zwolinski, NRC, September 24, 1985.  
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3.3 "Balance of Plant Structures Seismic Reevaluation Program, Turbine 
Building and Turbine Generator Pedestal, San Onofre Nuclear 
Generating Station, Unit 1,"Enclosure two to letter from K. P.  
Baskin, SCE, to D. M. Crutchfield, NRC, April 30, 1982.  

3.4 "Balance of Plant Structures Seismic Reevaluation Criteria, San 
Onofre Nuclear Generating Station, Unit 1," Enclosure to letter 
from K. P. Baskin, SCE, to D. M. Crutchfield, NRC, February 23, 
1981.  

3.5 Safety Evaluation Report, by the Office of Nuclear Reactor 
Regulation, Return to Service, Criteria and Methodology San Onofre 
Nuclear Generating Station, Unit No. 1, Docket 50-206, Plan 
November 21, 1984.  
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4.0 Evaluations of the Grade Beam Design, and the Buried Electrical Duct Bank, 
and the As-Built Reevaluation of the Turbine Building South Extension.  

4.1 Introduction 

The Licensee's results with regard to the design of grade beams for the 
Auxiliary Feedwater Pump foundations, the reevaluation of the buried 
electrical duct banks, and the as-built reevaluation of the Turbine Building 
south extension are presented in Refs. 4.1 and 4.2. The results were reviewed 
by LLNL and its subconsultant, and an audit, was conducted at the Norwalk 
Office of the Bechtel Power Corporation on December 13, 1985. Our findings 
from reviewing Refs. 4.1 and 4.2, and from the audit meeting, are summarized 
in Sections 4.2 and 4.3.  

4.2 DISCUSSION 

Grade Beam for Auxiliary Feedwater Pump Foundation - Two new grade beams were 
designed and constructed in June, 1984 to address the effect of seismically 
induced settlement of the backfill soil supporting the Auxiliary Feedwater 
Pump foundations. Each of the two new grade beams are in turn supported on 
new concrete piers at the ends. The design is based on the assumption that 
the backfill soil does not provide any support to the pump foundations, and 
that the new grade beams and concrete piers provide the necessary support.  
The two ends were assumed to be a pin-pin connection: a conservative 
assumption. The analysis of the grade beams took into account all applicable 
dead loads, seismic loads, jet impingement loads, and pipe reaction loads 
during normal. peration or in the shutdown condition. Hand calculations were 
used for the analysis. The design is based on ACI 318-1977. Both the 
analysis and the design appear to be adequate.  

Buried Electrical Duct Banks - The buried electrical duct banks were re
evaluated to address the effect of a seismically induced settlement of the 
backfill soil. In the reevaluation, the duct banks were assumed to have no 
support from the backfill where they traversed the backfill areas. With the 
backfill soil discounted, the duct banks were analyzed as beams having simply 
supported end conditions at the native soil/backfill interface, or of having 
fixed end conditions where the duct banks are embedded in concrete.  
determining the moment capacities of the duct banks, the embedded conduits 
were taken as being reinforcements in addition to the actual reinforcements in 
the beams, if any. The modeling and methodology for analysis accear to be 
acceptable. The evaluation criterion is AC! 318-77. During the audit, we 
examined the design of the South and North Ducts, and the East-of-Pump-Well 
Duct (calculations LBC-CC 2.0, p.p. 7/60 and 8/60, 4/4/83; LBC-CC 2.0, p.  
12/60, 5/6/83; and LEC-CC 2.0, p. 44/60, 4/1/83, respectively). The 
reevaluation results appear to be adequate.  

As-Built Reevaluation of Turbine Building South Extension - The as-built 
modifications to the Turbine Building (T/B) South Extension are identified in 
Ref. 1. The evaluation is based on Ref. 4.3. The analysis is based on a 
finite-element structural model consisting of the South Extension, the turbine 
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generator and pedestal, and the gantry crane. Structural damping is assumed 
to be 7% and soil material damping, 13%. Soil springs were used to represent 
the soil-structure interaction .effect, and a maximum composite modal damping 
of 20% was used whenever the computed value exceeded 20%. Apparently, the 
soil material damping, used for the evaluation of the South Extension, exceeds 
the 8% value specified in the SONGS 1 LTS Safety Evaluation Report (Ref.  
4.4). However, soil radiation damping is usually much higher than soil 

material damping. In addition, the licensee already conservatively limited 
the composite modal damping, which is a combination of structural damping and 

0 soil material and soil radiation damping values, to 20%. Based on the above 
mentioned reasoning and our sound engineering judgement, we concluded that the 
13% of the soil material damping for the evaluation of the South Extension is 
acceptable. The BSAP computer code was used for the analysis. The analysis 
model and methodology appear to be adequate. Reference 4.2 provides the 
results of Licensee's additional evaluation of the structure for the effect of 
the shifting crane weight to the intact leg, and for the effect of impact when 
the uplifted leg is lowered onto the support rail. The addition evaluation 
indicates a safety margin of 1.63, which appears sufficient.  

4. 3 CONCLUSIONS 

Based on our review of the information presented in Refs. 4.1 and 4.2, 
and the outcome of the audit, our conclusions are as follows: 

a. The design of the two new grade beams, and their supporting 
concrete piers, are sufficient to address the concern about the 
seismically induced settling of the backfill soil.  

b. The reevaluation of the four buried electrical duct banks a-pears 
adequate to address the concern about the seismically induced 
backfill soil settlement.  

c. The reevaluation of the T/B South Extension including the gnatry 
crane appears sufficient.  

4.4 IREFERFEN CES 

4.1 Letter from .. 0. Medford of SCE to J. A. :wolnski of the USNP.2 
dated September 214, 185.  

L.2 Letter from M. 0. Medford of SCE to G. E. Lear of the USNC, dated 
March 27, 1986.  

4.3 Safety Evaluation Report by the Office of Nuclear Reactor 
Regulation, Return-to-Service Plan, Criteria and Methodology, San 
Onofre Nuclear Generating Station, Unit No. 1, Docket 50-2^6, 
November 21, 1984.  

4.4 Safety Evaluation Report by the Office of Nuclear Reactor 
Regulation, Long-Term-Service, Criteria and Methodology, San Onofre



Nuclear Generating Station, Unit No. 1, Docket 50-206, September 
18, 1985.  
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5.0 Evaluation of the Vent Stack 

5.1 INTRODUCTION 

During the December 10-12, 1985 review meeting held at Impell, we 
reviewed the evaluation results for the vent stack. The review was conducted 

by auditing the Calculation No. DC-1663 of SCE, dated 7/20/84. Our findings 
are summarized in Sections 5.2 and 5.3.  

5.2 DISCUSSION 

The stack is constructed of A36 steel plate. It is tapered from 4.5 feet 

in diameter at the top to 8 feet in diameter at the base, which is anchored 

with ASTM A193 anchor bolts (Grade B7, F= 105 ksi) to a 20 foot-diameter 

octagonal concrete foundation. The vent stack was evaluated for 0.67g 
modified Housner earthquake loads. The analysis model consisted of an 11-mass 

stick model run on the SAPIV code. A fixed-base analysis was made, which was 

sufficient, judging by the low first-mode frequency.  

For the seismic evaluation, the allowables are 1.6 times the AISC code 

allowables. The seismically induced stresses at the base of the stack are 

within the allowables by a large margin. We reviewed the stress in the 48 
one-inch diameter anchor bolts, which are pre-tensioned to 10 ksi during 
installation. The anchor bolts have a large margin of safety against seismic 

loads. We also audited the duct-opening stress condition, the stability of 
the vent stack against sliding and overturning, the maximum soil bearing 
pressure, and the anchor bolt pull-out capacity. Sufficient safety margins 
exist in all of these audited areas.  

3.: CU_SIONS 

The vent-stack analysis for seismic loading indicated that there is a 

large safety margin against the allcwables. Our audit found the vent stacK "o 

be sufficient for the seismic condition.  
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6.0 EVALUATION OF STEEL BEAMS SUPPORTING PIPING SYSTEMS 

6.1 INTRODUCTION 

According to the preliminary results of the LTS seismic reevaluation, the 

Licensee identified twenty eight of the steel beams supporting the safety

related piping systems as having exceeded the AISC-code elastic limits. They 

included two beams in the reactor building and twenty six in the 
turbine 

building, as listed in Table 6.1. Of these twenty eight steel beams, seven in 

the turbine building were shown to be within the elastic limits, 
as based on 

the-final reevaluation results. The remaining twenty one beams have been (or 

are being) upgraded to meet the LTS elastic limit criteria, as identified in 

Table 1. We conducted an on-site inspection of the steel beams on April 14, 

1986 and followed up with an audit at Impell's offices in Walnut Creek, 

California on April 16 - 18, 1986. Our findings are summarized in Sections 

6.2 and 6.3.  

6.2 DISCUSSION 

Site inspection - The site visit was to inspect the as-built conditions, and 

the status of the modification design with regard to meeting the intended 

purpose of the modification. We also inspected most of the steel beams that 

had been upgraded prior to the LTS, as listed in Table 6.2.  

Most of the modifications were accomplished using any one or a 

combination of the following types of modification design: 

a. Reinforcinz the beams for loading in the major axis by adding cover 

plates at the top and /or bottom flanges, adding web stiffener places, 

or adding a structural T-section to the bottom flange.  

b. Reinforcing the beams for loading in this minor axes by adding lateral 

bracings, and for loading causing torsional stresses by adding torsion

resisting assemblies.  

c. Reinforcing the moment-resisting capacity at the end connections of the 

beams with additional welding.  

In addition to upgrading the steel beams, five new columns, four of which are 

laterally braced, are being installed to provide additional structural support 

to the steel beams of the north extension mezzanine. The modification designs 

appear to be reasonable for serving their intended function.  

Audit - The audit evaluated the modeling technique, method of analysis, and 

whether the calculated stress met the LTS elastic limit criterion, for those 

beams with (or without) modification. This criterion is that the stresses, 

in both the beam member and end connections, induced by the LTS loads must 

stay within 1.6 times the allowable stresses that are specified in the 
AISC 

code, Part 1.



a. Beams Requiring No Modification - For the seven steel beams that were 
*qualified as elastic,,and hence required no modification, we audited 
the Impell calculations for the beam member qualification, and the 
Bechtel calculations for the end connection qualification.  

For the beam member qualifications, hand calculations were used for the 
analysis. All beams were considered as one-span, except for Beam No.  
EHP-B22 which was analyzed as a two-span beam. The beam ends were 
assumed to be simply supported, except for Beam Nos. NE-B4.4 and NE

B4.8, for which one end was assumed to be fixed (because of the moment 
connection design). The stresses from the building seismic loads were 
combined with those from the pipe support seismic loads using the 
square-root-of-the-sum-of-the-squares (SRSS) rule. The total seismic 
stresses were combined with the static load stresses using the absolute 
sum (ABS) rule. The stress induced by the pipe support seismic loads 
from the same (or different) piping systems were combined using the ABS 
rule. The safety factor, defined here as the margin of the LTS elastic 
limit allowe over the LTS load-induced maximum stress in the member, is 
listed in Table 6.1 for the seven beams in cuestion. The results 
indicated very narrow margins.  

For the end-connection qualifications, according to the Impell 
calculations, the end reactions from the LTS loads are smaller than the 
corresponding reactions previously used by Bechtel in their design. We 
audited the Bechtel design calculations in Calculations Nos. IPTC-CC
03.2 to CC-03.4, which showed that the existing end connections were 
within the elastic limit under the LTS loads.  

b. Beams Requiring Modification - On a sampling basis, out of t:he twenty
one steel beams requiring odification, we audited the modified designs 
of sixteen of the beams contained in Sechtel's Calculation MODB--CC.  
Hand calculation was used in the analysis. The analytical method was 
the same as that applied to the seven beams requiring no 
modification. Primarily, the modification designs appear acceptable 
for the intended function. The modification designs primarily used one 
(or a combination) of the three methods previously described.  

CONCLUSIONS 

Based on the results of the on-site ins:ection and the subsecuent audi 
review, we found that the LTS reevaluation of the twenty eight steel beans 
(listed in Table 6.1) appear to be reasonable. However, the extensive 
modifications of the Turbine Building.North Extension, including the 
mezzanine, may substantially change the LTS seismic loads in the steel 
beams. In view of the very narrow margins in the seven beams not currently 
requiring modification, and the possible increase in the structural 
frequencies, the Licensee was required to evaluate the impact of the North
Extension structural modifications on the piping and on the building LTS 
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seismic loads in the steel beams. Therefore, the acceptability of the steel
beam evaluation for the Turbine Building North-Extension, is contingent upon 
the outcome of the north extension reevaluation of the final modified 
configuration. For the steel beams in the Reactor Building, the Turbine
Building East-Heater Platform, and the Turbine-Building West Heater Platform, 
the modification is much less extensive and the current 
evaluation/modification appears to be acceptable.  
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TABLE 6.1 Twenty-eight former inelastic beams.  

Location Beam No. Reevaluation Acceptance 

Status 

RTS-B11 modified yes 
Reactor Building RTS-B18 modified yes 

NE-B4.3 modified yes** 
NE-84.4 elastic (FS-1.05)* yes** 

T/B North Extension NE-B4.7 modified yes** 
NE-B4.8 elastic (FS=1.04) yes** 
NE-B5.2 modified yes** 

T/B North Extension NEM-B2.9 modified yes** 
NEM-B4 modified yes** 
NEM-B2.10 modified ves** 
NEM-B2.11 modified ves** 

Mezzanine NEM-2.2 modified yes** 
NEM-B2.4 modified yes** 
NEM-B2.5 modified yes** 
NEM-B2.8 modified yes** 
NEM-B5 modified yes** 
NEM-B6 modified yes** 

EHP-B5 elastic (FS=1.01 yes 
EHP-B6.2 elastic (FS=1.7) yes 
EHP-B7 modified yes 

T/3 East Heater EP-B24 elastic (FS=1.2 yes 
?latform EHP-B2 modified yes 

EHP-34 modified yes 
EHP-B22 elastic (FS=1.01) yes 
EHP-B3 modified yes 

'/B West H~eater HP-BU.1 elastic (FS=1.00) yes 
Platform WHP-323.1 modified Yes 

WHP-B6 modified yes 

* FS= safety factor of maximum LTS stress in beam member against 1.6 ASC 

Part I allowable.  

** Acceptance is contingent upon the outcome of the reevaluation of the 

modified configuration.  
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TABLE 6.2 Additional Steel Beams Inspected During Site Visit 

Location Beam Number 

RTS-B4 
RTS-B8 
W18x96 (NEAR RTS-B19) 

Reactor Building RTS-B19 
RTS-B57 
RTS-B57 
RTS-B72 

NE-B5.1 
T/ North Extension NE-B5.4 

NEM-Bi .1 
NEM-B1.2 
NEM-82.3.  
NEM-B2.6 

TIE North Extension NEM-B2.7 
Mezzanine NEM-B2.12 

NEM-B3.1 
NEM-B3. 1 
NEM-B100 
NEM-B105 

T/B West Heater WHP-B5 
Platform P -B7 

T/E TB- 3103 
E-5 
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O 7.0 CONCLUSIONS 

A detailed review was performed to provide technical evaluations of .the 
structural upgrading design, analysis, and load generation at the San Onofre 
Nuclear Generation Power Station, Unit 1. The structures reviewed in this 
report include the refueling water storage tank, turbine building, buried 
grade beams, electrical duct banks, turbine building south extension, vent 
stack, and steel members. Reviews of the Licensee's criteria, methodologies, 
and results, along with additional information provided by the Licensee led to 
the following conclusions.  

a. Refueling Water Storage Tank: 

o For the tank and soil models, the CLASSI method of analysis for soil
structure for interaction effects appears to be acceptable.  

o The evaluation of the tank shell, concrete mat, anchor bolts, bellows, 
and nozzles appear to be adecuate.  

b. Turbine Building Floor Response Spectrum Generation: 

o The SSI modeling methodology appears acceptable.  
o The correction-factor approach for generating the modified floor

response-spectra from the time history generated spectra appears 
acceptable.  

c. Grade Beams inside the Turbine Building: 

o The evaluation of the buried beams appears to be acceptable.  

d. Electrical Duct Banks: 

o The evaluation of the electrical duct banks appears to be acceptable.  

e. As-Built Turbine Building South Extension: 

o The evaluation of the Turbine Building South Extension appears to be 
acceptable.  

f. VentStack: 

o The evaluation of the vent stack appears to be acceptable.  

g. Secondary Steel Beans Supporting Piping Systems: 

0 The evaluation of the secondary steel beams appears to be acceptable.  
However, due to the extensive modification of the Turbine Building 
North Extension (including the mezzanine) and the very narrow margins 
in the seven beams not currently requiring modification, the Licensee 
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was required to evaluate the impact of the modification on both the* 
piping and the building seismic loads in the beams.  

0 
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APPENDIX A 

CONFIRMATORY SOIL-STRUCTURE INTERACTION ANALYSIS 

OF THE REFUELING WATER STORAGE TANK 

FOR 

LONG-TERM SERVICE 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

0 
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A.1.0 INTRODUCTION 

This appendix provides the results of an independent soil/structure/fluid 
interaction analysis of the refueling water storage tank (RWST), using 
Licensee supplied input motions for the San Onofre Nuclear Generating Station 
(SONGS), Unit 1, Long-Term-Service (LTS) seismic reevaluation. It describes 
the methodology, the development of the structured and fluid models, the input 
motions, and the results for the independent analysis. Finally, a comparison 
between the independent results and the Licensee.'s results for the responses 
is presented.  

Two methods for modeling the soil/structure interaction were used. The 
first one is the CLASSI methodology, which was also the one adopted by the 
Licensee. The second is the constant impedance methodology. Both have been 
used as our technical evaluation basis in a previous Technical Evaluation 
Report for the SONGS-1 LTS.program (Ref. 2.2).  

A.2.0 STRUCTURAL-FLUID MODELS 

The SONGS-1 refueling water storage tank (RWST) is a surface-founded 
cylindrical steel shell with a conical roof (Fig. 1). Of the basemat's 35.5 
foot diameter, 40% sits on native San Mateo sand, and 60% on the shallow (up 
to 8-foot depth) backfill soil (Fig. 2). The tank is anchored with 32 1-5/8 
inch diameter anchor bolts embedded in the concrete basemat to a steel base 
ring, stiffening ring, and stiffening plates which are welded to the tank 
shell. There are four piping lines with bellows connection to the lower part O of the tank. The tank was assumed to be full of water.  

The tank was modeled using 3D beam elements of the SA?4 computer code 
(Ref. 2.6, Sectio 2.7). Mass was lumped along the axis of the tank at the 
appropriate height.  

'The dynamic fluid model was developed using Housner's analytical procedures 
(Ref. 2.3 of Section 2.7). The mass of the fluid is first divided into two 
parts: a mass associated with the first sloshing mode of the fluid - a 
convective mass; and a mass associated with the ground motion - rigid (or 
impulsive) mass. Following Housner's proceedure, the rigid mass of the fluid 
was lumped with the tank shell at the calulated height. The convec-ive mass 
is connected to the shell with a spring, so that the frequency of vibration of 
this mass/spring system becomes equal to the frequency precicted by the 
procedure. This fixed-base tank/fluid mathematical model is shown in Fig. 3.  

A.3.0 CALCULATION OF FOUNDATION IMPED!N CES 

A.3.1 .Soil Profile 

The soil at the SONGS-1 site is the uniformly dense San Mateo sand 
extending to about 1000 feet below site grade. However, 60% of the soil (uD 
to depth of 8 feet) under the RWST is backfilled with San Mateo sand (at a 
relative compaction of 92%), with the remaining 40% of the foundation being on 
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Figure 1. The refueling water storage tank.  
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Figure 2. Local soil conditions under the refueling water storage tank.  

-26-



R00F MASS 

16~ (32.6 lb-SEC2 

in 0~I Iis 

(791') 14 

SLOSHING MASS 

O 12 
13 K=2754 

lb 
in 11 

10 

(4223) 
9 RIGID FLUID MASS 

8 

7 

46 

4 A' a z -o 

.2///4 / / 7 / Y (E-W) 

x 

Figure 3. Mathematical model of the refueling water storage tank.  
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native soil. The difference of properties, e.g., shear modulus, at the strain 
level of 0.67g earthquake,_is small, as indicated in Ref. 2.1. Therefore, a 
uniform elastic half-space medium was assumed for the analysis.  

The soil properties used for the analysis were: 

Shear modulus (kip /ft) 1203 
Shear wave velocity (ft/sec) 578 
Material damping (0) 8.0 
Poisson's ratio 0.35 
Weight density (kip/ft) 0.116 

The average dynamic soil properties are compatible with shear strains at the 
site induced by the 0.67g design motion at the ground surface. These soil 
properties were used by the Licensee for their SSI Analysis.  

A.3.2 Foundation Impedances 

The diameter of the tank circular foundation is 35.5 feet [and 2 feet and 4
1/4 inches in thickness.] We calculated impedance functions for the refueling 
water storage tank by using two methods: the CLASSI approach (Ref. 2.4) and 
the constant impedance method (Ref. 2.2).  

CLASSI is a computer code for simultaneously analyzing the soil-structure 
effects and computing structural responses. This code uses. a three-steo 
substructure approach - a determination of the foundation input motion, and 
then the foundation impedance, followed by an anlysis of the coupled soil

* structure system. Since the control motion is specified directly at the 
foundation, foundation input motion does not need to be determined. The 
foundation impedances are calculated by using a conAinuum method. In general, 
for a linear elastic or viscoelastic material and a uniform or horizontally 
stratified soil deposit, each element of the impedance matrix is complex
valued and frequency dependent. The real part of the matrix recresents the 
stiffness of the soil and the imaginary part represents the damoing. The 
final step in the substructure approach is the actual SSI analysis. The 
foundation input motion and the foundation impedances are combined with a 
dynamic model of the structures for the soil-structure system. The response 
analysis is tnen performed in the frequency domain. c'ourier transform 
techniques are applied to obtain the time history of the response.  

Figures 5 through ? show the impedance calculations by the CLASSI approach, 
wnile the impedances calculated by using the constant spring method are 1.0:-: 
kip/ft for translational stiffness, 2.76E7 kip-ft/radian for rocking 
stiffness, 2.07E3 kip-sec/ft for translational damping, and 2.12E5 kip-ft
sec/rad for rocking dambding, respectively.  

A.4.0 INPUT MOTION 
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Figure 4b. The SONGS-1 LTS design response spectrum in the east-west 
direction, with 5% damping.  
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The SONGS-1 artificial time history in the east-west direction, which was Ogenerated by the Impell Corporation of Walnut Creek, California, was used for 
this soil/structure/fluid interaction analysis. The response spectrum 
corresponding to the time history envelopes the horizontal 0.67g modified 
Housner response spectrum. This time history is shown in Fig. 4a. ,The 
corresponding design response spectrum with 5% damping is shown in Fig. 4b.  
The control motion was applied in the free-field at the ground surface level.  

A.5.0 RESULTS 

The dynamic modal properties of the fixed-base structure/fluid combination 
were calculated by using SAP4 code. The results are shown in Table 1. The 
second and third modes represent the structure's freauencies and the first 
mode represents the sloshing fluid's frequency. Note that all the results 
presented here are for the east-west direction only, since the geometry of the 
tank is axisymmetric and the analysis was performed parallel to the base.  

Recall that we used two different methods to calculate the foundation 
impedances: frequency-dependent impedance (by the CLASSI approach) and 
frequency-independent impedance (by the constant soil-stiffness method). In 
the following paragraph, we present the results from the frequency-dependent 
impedance first, then the results from the frequency-independent impedance 
calculation. As a point of interest, the results of modal analysis are then 
presented.  

Figure 8 shows that, based on the CLASSI approach the in-structure response 
spectrum at the foundation level is generally lower than that in the free
field. Figure 9 shows the peak accelerations along the structure elevation.  
It can be seen from Figure 9 that the accelerations decrease slightly at the 
ower part of the structure, then increase all the way uc to the tank roof.  

Figure 10 shows the peak accelerations along the structure elevation, based on 
the frequency-independent impedance calculation. Again, the accelerations 
decrease at the lower part of the structure, then increase all the way u: to 
the tank roof.  

In order to explain the structural response behavior of the 
soil/structure/fluid system, we computed the mocal properties for the caseof 
constant impedances. Table 2 shows the system frequencies and their 
participation factors. The frequency of the first mode remains 0.297 hertz.  
This reflects that the first mode's being the local mode rezresenting the 
sloshing fluid. Table 3 consists of the composite modal damping, ranging from 
0.5. to 76.14%. Table 4 presents the mode shapes for the corresponding first 
three modes. The first mode represents the local mode of the sloshing mass, 
while the second and third modes are the structural modes. Based on the 
participating factors and frequencies, it is obvious the second mode dominates 
the tank response. This verifies the nature of the profile of the maximum 
accelerator of the tank along the height as described above, both for our 
confirmatory and the Licensee's analyses, because the acceleration profiles 
are similar to the shape of the second mode shape.  
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OComparing the responses these two different impedance calculations, indicates 
that the general response trend is consistent, even though the responses from 
the frequency-independent approach are higher than those derived by the 
frequency-dependent method.  

A.6.0 COMPARISON OF LLNL AND IMPELL RESPONSE RESULTS 

Impell's response results (Ref. 2.2) are shown in Fig. 11. By comparing 
LLNL's CLASSI and Impell's response results, we see the second decimal 
place. Accordingly, we conclude that the results of the soil-structure-fluid 
analysis performed by Impell are acceptable.  
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Modes Frequency (Hz) 

1 0.297 

2 6.9 

3 50.5 

Table 1. Significant modes of the fixed base-structural-fluid model.  

Modes Frequencies (Hz) Participation Factor 

1 0.297 3.1 

2 6.9 7.6 

3 50.5 2.4 

, Table 2. Significant nodes of the soil-struczure-fluid interaction system 
(constant impedance).  

MODES DAMPING 

1 O.0C5 

2 0.119 

3 0.764 

Table 3. Composite.modal damping of the interaction System (constant 
impedance).  
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Mode Shape 

O Node Mode 1 Mode 2 Mod e 3 

1 1.01431e-04 4.2984~e-02 2.7673e-01} BASEMENT 

2 3.0350e-05 1.0248e-02 1.6230e-03 

3 6.2372e-05 2.0969e-02 2.6895e-03 

49.5918e-05 3.2106e-02 3.1783e-03 

5 1 .3097e-04 4.3666e-02 3.0702e-03 

6 2.1282e-04 7.0572e-02 2.0852e-03 

7 2.98149e-04 ~ 9.833le-02 -1.401l4e-03 

8 3.87-71'e-0~4 1.2692e-01 -7.'48ole-03 

9 4.1593e-04I 1.3589e-01 -9.8835e-031 RIGID MASS 

10 ~ 4.7620e-04 1.4628e-01 -5.5379e-02 

11 5.352le-04 1.5638e-01 -1.003le-01 

12 5.9425e-04 1.6642e-01 -1.4520e-01 

*13 3.21458e-01 -9.961le-04 4.004~5e-051 SLOSHING MASS 

146.3652e-04 1.7679e-01 -1.9088e-01 

156 .771 4e -IV 1.86714e-01 -2.337"ie-01 

16 7.1575e-04 1.96228-01 -. 7267e-01' ROOF MASS 

Table 4. Mode shapes of the interaction sys temn (constant zeac.  
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ABSTRACT 

A series of confirmatory piping and pipe support analyses have been 
performed to ensure that the criteria and methodology employed by Southern 
California Edison Company (the licensee) in seismically upgrading the San 
Onofre Nuclear Generating Station, Unit 1 (SONGS 1), are acceptable. Four 
piping systems--SI-51, SI-04, SI-158, and a run of SI-51 tubing--were 
subjected to confirmatory finite element analysis. These analyses were 
performed to the requirements of the USNRC Systematic Evaluation Program 
(SEP) guidelines and current industry practice. In addition, the run of 
tubing was subjected to a confirmatory hand calculation. Supports for the 
SI-51 and SI-04 systems, a total of 50 supports, were also analyzed.  
Results of the confirmatory finite element analyses were compared with 
those of the licensee. Results were compared for the tubing between the 
finite element analysis and the hand calculation. The conclusion was- drawn 
that the criteria and methodology employed by the licensee in analyzing the 
piping and pipe supports of SONGS 1 meet the requirements and are 
acceptable.
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LTS PROGRAM 

CONFIRMATORY ANALYSIS 

OF SONGS 1 

PIPING ANO PIPE SUPPORTS 

1. INTRODUCTION 

A confirmatory analysis of the piping and supports at the San Onofre 
Nuclear Generating Station Unit 1 (SONGS 1) was requested by the Nuclear 

Regulatory Commission (NRC). This analysis was performed in-an effort to 
verify a portion of the SONGS 1 Long Term Service Seismic Reevaluation 
Program,a (Reference 1) specifically, the analysis techniques utilized by 
the SONGS 1 piping and support analysts for the LTS Program. Three Safety 
Injection System (SIS) piping models and one SIS tubing model were selected 
to represent the wide variety of pipe sizes incorporated in the plant. The 
four pipe sections chosen for detailed examination were SI-51, SI-04, 
SI-158, and SI-51 (tubing). Emphasis was placed on modeling techniques, 
accuracy, loading conditions, and pipe and support stresses. This report 
summarizes the confirmatory analyses performed on the four models and 
associated supports. It also provides a comparison of results for the 
analyses done by EG&G and by the licensee Southern California Edison Co.  

a. Hereafter referred to as the LTS Program.  
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2. PIPING SYSTEIM OESCRIPTION 

Information pertaining to the details of these piping systems was 
provided by the licensee. Much of it was verified by independent line 
walkdowns by the author. The information provided contained the latest 
as-built pipe dimensions, pipe specifications, valve weights, response 
spectra, seismic and .thermal anchor movements, detailed pipe support 
drawings, and other miscellaneous data required to perform the independent 
piping analyses.  

SIS problem SI-51 includes the piping between feedwater pumps FWS-G-3A 
and FWS-G-38 and the six-inch branch piping from this line to the 
containment sphere. Figures 1 through 6 are ccmputer model plots defining 
problem SI-51. The non-safety related piping included in this analysis, 
shown in these computer plots, was provided to include its effects on the 
safety related piping. SIS problem SI-04 includes the piping between pump 
SIS-G-5OA and feedwater pump FWS-G-3A. Computer model plots, Figures 7 
through 9, describe the problem in mcre detail. SIS problem SI-158, seen 
in Figures 10 through 13, is a small model which includes six-inch piping 
from the containment sphere penetration 5-18 to the cold leg of reactor 
coolant loop C. Finally, tubing problem SI-51 is defined in Figures 14 and 
15. The tubing runs from flow transmitter SISF-912 to valve 
870E-3/4"-TS7 (on the SI-51 piping).  

Tables 1 through 4 list the significant pipe data and material 
specifications utilized in the analyses described in this summary. Design 
and service conditions are also included in these tables.  

Various service levels were analyzed. This included deadweight, 
pressure, thermal expansion, thermal anchor movements, and the inertial and 
anchor motions due to the 0.67 g modified Housner response spectra 
earthquake. These analyses were performed utilizing the ASME Code Class 2 
rules (Reference 2) as specified by the SEP Guidelines (Reference 3) and 
compared to the stresses calculated by the licensee.  
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3. PIPING SYSTEM SEISMIC ANALYSES 

All four finite element analyses were performed using the program 

NUPIPE-II, a proprietary program developed by Quadrex Corporation.  

NUPIPE-II capabilities are briefly described in Appendix A. Idaho National 

Engineering Laboratory (INEL) program module V4AGINL was utilized for these 

analyses.  

The piping system data, drawings, and response spectra necessary for 

these analyses were provided by the licensee. The following assumptions 

based on experience and engineering judgment were employed where 

information was missing or incomplete: 

1. All components meet the.dimensional requirements of the standards 

listed in Table NC-3132-1 of the ASME Code.  

2. The requirements of the ASME Code, Section !I, Subarticle 

NC-3640 are satisfied. This subarticle deals with ensuring 

adequata wall thickness of the components for the Design Pressure 

at the Design Temperature. Since the change in design 

requirements involves the seismic load case only and pressure 
stress has been included in the seismic analyses, an explfcit 
check for adequate wall thickness was deemed unnecessary.  

3. The only thermal mode assumed was the normal operating mode.  

A summary of weight and center of gravity Information for all valves 
on the four safety injection piping models is contained in Table 5. This 
table also includes the face-to-face dimension for each of the valves.  

The four models were anaTyzed for weight, thermal expansion plus 
thermal anchor movements, earthquake, and seismic anchor motion (SAM) 
loads. All were analyzed in accordance with the SE? Guidelines 
(Reference 3). Details of the analyses not.specified in this document were 
in accord with standard EG&G piping analysis Practica. These details were 
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at a level not controlled explicitly by the regulatory process. There is 
one exception to this. EG&G SAM load generation methodology involves 
envelopment of structural motion displacements in the area of the support 
to obtain SAM values. These are then applied individually, with the 
results combined by square root of the sum of the squares (SRSS) 
combination. Preliminary result comparisons showed significant differences 
between EG&G and utility SAM stresses. This initiated an investigation to 
identify the source of the differences. A different SAM load generation 
methodology is used by the licensee. SAM values are obtained by 
interpolation between appropriate structural motion displacements, with 
either algebraic or absolute value combination of loadings depending on the 
location and direction of the supports. The basis for this methodology was 
evaluated, and it was found acceptable. There are a sufficient number of 
points on the structural steel model with associated SAM data to allow 
interpolation for support point attachment SAls. Algebraic combination of 
specified directions and locations is based on a study of the motion of the 
buildings which concluded that these particular directions and locations 
move in phase. Absolute summation of the remainder is conservative. The 
licensee's methodology was adopted in the EG&G analyses in order to prevent 
the potential masking. of other sources of discrepancy.  

Anr additional analysis was done for the SI-5f tubing model. The 
second analysis. of the SI-51 tubing was. done according to the alternate 
calculation methodology allowed by the licensee's small-bore piping 
criteria. This methodology was found to predominate In the small-bore 
piping calculations audited. It consists of an equivalent static analysis 
based on a simply supported beam calculation.  

PVRC damping spectra obtained from the licensee's structural analyses 
were appropriately enveloped for each particular piping model and used for 
the earthquake load case in these analyses. These envaloped response 
spectra curves are shown in Figures 16 through 27. The spectra were 
applied in all three directions simultaneously and the results were 
combined using the square-root sum of the scuares (SRSS) method. All 
seismic anchor movements were applied and combined usinc the licensee's 
methodology, as discussed above.



Microfiche copies of the finite element analyses are contained in 

Appendix 8. The small-bore piping hand calcuation is contained in 
Appendix C.



4. PIPING ANALYSIS RESULT COMPARISONS 

The piping finite element analyses were performed per the requirements 
of the SEP guidelines and the ASME Class 2 equations specified there. The 
results obtained from the loadings previously described were used to 
calculate the piping stresses. The small-bore piping hand calculation was 
performed using the methodology found to predominate in the audits of 
small-bore piping calculations. Allowable stresses, per the SEP 
guidelines, were 2.4Sh for the equivalent of Class 2 piping and 1.85h for 
the equivalent of Class 1 piping. Except for a small length of pipe near 
the reactor coolant loop, the piping analyzed is the equivalent of Class 2 
piping.  

Although calculated stresses .were compared to allowable stresses, the 
focus of this work was a comparison of stresses as calculated by EG&G and 
the licensee to ensure that the stress calculation criteria and methodolcoy 
employed by the licensee is acceptable. Some differences in methodology 
were found. Oifferent techniques were initially used to combine seismic 
anchor motion (SAM) loads. This is discussed in detail in Section 3 of 
this report. The licensee's technique was found acceptable and adopted in 
the EG&G analyses to-prevent the differences in this methodology from 
masking any other differences which may have existed. Other differences in 
methodology were found. This includes differences In valve and reducer 
modeling techniques and anchor point stiffness calculations. These are 
discussed in the following paragraphs.  

As is commcn industry practice, all modes of vibration with natural 
frequencies under 33 Hz were included in the dynamic analyses. The effects 
of the higher frequency modes, the "missing mass effect" were automatically 
included in the results by the NUPIPE-II program. Tables 6 through 9 show 
the first ten modes of vibration for each of the piping models. The SI-51 

model was calculated to have 52 natural frequencies below 33 Hz with rod 
hangers modeled rigidly and 50 without rod hangers. The ST-04 model 
displayed 42 natural frequencies under 33 Hz with rigid rod hangers and 
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43 without rod hangers. The SI-158 model, which has no rod hangers, had 
13 natural frequencies under 33 Hz. The SI-51 tubing model exhibited 
17 natural frequencies below 33 Hz.  

Comparisons of stress results are presented in Tables 10 through 13.  
The first column of each table identifies the EG&G node point and the 
licensee's data point at which stresses are compared. The EG&G node point 
(the first number) can be used to locate the point under consideration in 
the plots of the models (Figures 1 through 15). The next two columns 
identify the type of component being analyzed and its associated stress 
intensification factor (SIF). The remaining six columns are divided into 
two sets, one for the seismic inertia plus normal operating load (SI) 
stress, and one for the seismic anchor motion load (SAM) stress. This 
separation allowed a clear identification of the source of any differences 
in stress results. There are three columns for each type of stress. The 
first is for stresses from the EG&G analysis, the second for the licensee's 
stresses, and the third for the percent difference between the two sets of 
results, with the average value used listed in the percentage column 
header. This type of comparison was chosen because it emphasized the most 
significant differences, those in- the areas of maximum stress, and because 
it allows a comparison of results among the models.  

Stress results comparisons were limited to points in the models with 
SIF greater than 1.0, and at support points in the straight runs of piping, 
since these represent local stress maxima. Due to the large size of the 
SI-51 model, stress results were compared only in areas of maximum stress, 
which were found to be in the same areas of.the model in both sets of 
results. These areas were found in the vicinity of both feedwater pump 
nozzles and in the-vicinity of the branch point for the west side 6-in.  
line running to containment'. Stress result comparisons were presented for 
all of the SI-04 model except for nodes 5 through 60 and those nodes 
associated with boundary condition piping (non-safety related), where the 
comparison yielded identical trends to those presented. All stress result 
comparisons are presented for the SI-158 model.



Comparison of stress results for the SI-51 analyses shows close 

agreement (see Table 10). The EG&G stresses are based on as-built data and 

standard practice at EG&G with the following exceptions. The rod hanger 

support at node 145 (Figure 3) was given full credit for vertical support.  

Although not in agreement with the as-built condition, this reflects the 

licensee's decision to upgrade the rod hanger to a full vertical support 

(typically done by adding a bumper near the rod hanger to restrain uplift 

of the piping). This modification to EG&G's SI-51 model was done to obtain 

an identical support configuration with the licensee's model. A two 

element reducer model was used in the EG&G analysis, each element having 

the section properties of the attached piping. This is in contrast with 

standard EG&G practice, which is to use a single element with the section 

properties of the smaller of the attached pipes, and to increase the stress 

on the large end of the reducer to reflect the larger pressure stress 

there. This practice is known to be overly conservative, and the refined 

two element model is used at EGAG in cases where the standard model 

indicates an overstress.  

There were also instances of EG&G common practice different from the 
licensee's which were not changed. In EG&G common practice, anchor 
stiffness is based on the associated pipe section properties, while the 
licensee uses a single fixed value. These are the default procedures found 

in the two computer analysis codes used. EG&G valve element stiffnesses 
are based on a factored stiffness for the equivalent piping element, while 

the licensee's are based on the associatad pipe element with a doubled wall 
thickness. Valve masses are distributed differently, although the center 
of gravity of the valve and total mass are the same. EG&G uses a single 

mass for both the valve body and the operator; the licensee uses a separate 

mass for each. Since the valve models are included only to simulate the 

effect of the valves on the piping, these differences are negligible.  
Centerline offsets for axial supports are modeled by EG&G but not by the 

licensee.  
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Differences in common practice between EG&G and the licensee had no 
significant effect on the stress results, as indicated in Table 10.  
Extremely close agreement was obtained, with the maximum difference 
appearing in the area of tee components. These differences are attributed 
to the accumulation of the differences in stiffness along each portion of 
the piping that terminates at the tee.  

The results of the SI-04 analyses did not compare as favorably as 
those for the SI-S1 analyses (see Table 11). The EG&G model was strictly 
as-built. Thii resulted in two differences between EG&G's and the 
licensee's models. The vertical support at node 265 (Figure 9) in the EG&G 
model was located at the position corresponding to node 260 in the 
licensee's model. The reducer between nodes 335 and 340 of the EG&G model 
was modeled as 14 in. long in the .EG&G model, and 7 in. long in the 
licensee's model. In both cases, the EG&G model was closer to the as-built 
configuration, but both variations in the licensee's models were within IE 
Bulletin 79-14 tolerances. The same differences in common practice found 
in the SI-51 models were also found. Reducer model refinements made in 
EG&G's SI-51 analysis were not made In the SI-04 analysis.  

Since the differences in stress results for the SI-04 analyses were 
arger than those for the SI-51 analyses, an attempt was made to isolate 

the cause. The EG&G SI-04 model was modified to duplicate the licensee's 
support configuration, valve and reducer models, and anchor stiffnesses.  
Stress results from analysis of the modified model were compared with no 
improvement seen. The location of stress variation was different, but the 
degree and number of variations were the same. The models were closely 
compared and found to be as near to identical as could be obtained using 
different analysis computer codes.  

The source of differences in stress results was found in a contrast 
between the SI and SAM stress comparisons for the SI-04 analyses. The 
agreement in stresses is much better for the SAM load. This indicates that 
the discrepancies affect the dynamic analyses more strongly than the static 
analyses. Differences in SAM stress greater than 10% occur only in 
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reducers and elbows. This is not anomalous for the reducers, which are 
modeled differently, but It indicates that elbow element stiffness 
formulations differ slightly. The effect of this small variation is 
negligible for the static (SAM) analyses, but can be significant in the 
dynamic (SI) stress results. Such variations would have little effect on 
the calculation of the lower frequency modes of vibration, which are more 
accurately defined than the higher frequency modes in dynamic analysis.  
This characteristic makes the effect of minor variations in elbow stiffness 
on stress results dependent on the frequency content of the response 
spectra used in the dynamic analysis. Response spectra with relatively 
more excitation In the low frequencies, such as the SI-51 spectra, generate 
resultant stresses with larger contribution from the low frequency modes.  
The effects of the elbow stiffness variation are attenuated, and the 
stresses compare closely. The SI-04 spectra, having relatively less low 
frequency excitation, generate resultant stresses with relatively more 
contribution from the higher frequency modes. The effect of the elbow 
st.ffness variation is emphasized, and the stress comparison is less 
favorable.  

The existance of small variations in elbow stiffness formulation is 
not particularly harmful. in seismic analysis, because the effects of the 
variation are concentrated in the calculation of the higher frequency 
response. Seismic events are essentially low frequency events, a result of 
the fact that high frequency motion is rapidly attenuated in transmission 
through the ground. Large seismic stresses are therefore assoc4ated with 
low frequency response, where the variation in elbow stiffness is not 
significant. This can be seen in a comparison between the maximum stresses 
calculated in the S-i1 and SI-04 analyses. The average maximum SI-51 
analysis stress, which is fn the range of the SEP guidelines allowable 
stress, is 2.6 times larger than the SI-04 average maximum stress.  

A comparison of stresses for the 51-158 analyses are presented in 
Table 12. Good agreement is indicated. These results compliment the 
conclusions drawn in the discussion of the S-51 and S-04 results.  
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For an overall comparison, the differences in stress for all entries 

of Tables 10 through 13 were averaged for the seismic inertia and SAM 

stresses.On the average, EG&G seismic inertia stresses were 1.0 ksi 

higher, and the SAM stresses differed by less than 0.1 ksi. The difference 

in seismic inertia stress can be attributed to differences in spectral 

definition. EG&G spectra were limited to 30 points, while the licensee's 

spectra contained 160 points. In performing the reduction, envelopment 

criteria were imposed, which would result in a marginally higher stress 

calculated.using the reduced spectra.  

A comparison between finite element calculated stresses and allowable 

stresses showed the EG&G analyses and the licensee's analyses to be in 

exact agreement in terms of a conclusion of adequacy. SI-04 and SI-158 are 

acceptable with good margin. SI-51 had two components with stresses that 

exceeded allowable stresses. Both were reducers located on the discharge 

side of the feedwater pumps. This indicates that the licensee's criteria 

and methodology produce comparable results to those of the SEP guidelines.  

Supports have been added to the SI-51 piping to reduce stresses to 

acceptable levels.  

A comparison between stresses calculated for the SI-51 tubing mode-1 
using finite element analysis and hand calculations showed the hand 

calculation to be conservative. The maximum finite element analysis stress 
was 14.5 ksi, versus a hand calculated maximum stress of 71.8 ksi.  

According to the hand calculation, the tubing is severely overloaded.  
According to the finite element analysis (which is more accurate, and hence 
controls the conclusion concerning adequacy of the tubing), the tubing is 
acceptable to the SEP guideline limits with large margin.  

Based on the detailed comparison of the results of three piping system 
finite element analyses, the criteria and methodology used by the licensee 

in analyzing piping were found to be in keeping with the SEP guidelines and 
current industry practice and are acceptable. The comparison of the 
confirmatory finite element analysis for the tubing with the confirmatory



hand calculation showed the hand calculation to be conservative and 

acceptable.  
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5. PIPE SUPPORT ANALYSIS RESULT COMPARISONS 

Pipe support analyses were performed per the req.uirements of the SEP 

guidelines and current industry practice. Hand calculations were 

predominately used. Nominal stresses were calculated based on the loads 

supplied by the confirmatory piping analyses and nominal member section 
properties. Loads on catalog components were compared to vendor supplied 
allowable loads. Detailed finite element stress analyses were used in 
cases not amenable to hand calculation. Weight and thermal loads were 
considered for normal operating loads. Thermal loads were included only if 
they increased the resultant stress. Seismic inertia and seismic anchor 
motion loads were combined by the square root of the sum of the squares 
method, and then added and subtracted to the normal operating loads to 
obtain the range of loads used in.calculating the seismic stress. In cases 
where the support geometry or loading was too complex for hand analysis, 
detailed finite element stress analyses were performed. The resulting 
stresses were compared to allowable stresses defined in the SEP guidelines.  

All supports on safety related piping of the SI-51 and SI-04 models 
were analyzed. Since this led to the analysis of some 50 supports, 
analyses of the SI-04 supports were not performed. The analyses are 
contained in Appendix D. The supports for the SI-Si and S1-158 piping were 
then ranked according to decreasing stress ratio. The stress ratio for a 
support is defined to be the maximum ratio of calculated to allowable 
stress for all components of the supoort. Hence the support with the 
highest stress ratio is the most highly loaded relative to its allowable 
-oad. The licensee was requested to similarly rank the supports of both 

systems and to identify the supports with the largest stress ratio. For 
each piping system, the five supports with the largest stress ratio 
according to the EG&G analyses and the five according to the lfcensee's 
analyses were merged into a list. The lists were reviewed and found to 
contain a representative sample of the types of components found in pipe 
supports. The calculations supporting the stress ratios appearing on both 
lists were then subjected to a detailed comparison. The purpose of the 
comparison was to determine if the criteria and methodology applied by the 
licensee were acceptable.  

13



Results of the comparison between support calculations are presented 

for the SI-51 piping supports in Table 13, and for the SI-158 supports in 

Table 14. Several differences in stress ratio were found, as indicated and 

discussed in the tables. No application of unacceptable criteria or 

methodology was found. Supports identified as overloaded by the EG&G 

analysis had either been forwarded to the support design group for 

modification, or shown to be acceptable by analysis of an improved support 

configuration. As noted in Section 4 of this report, supports were added 

to the SI-51 piping to reduce loads on the feedwater pump nozzles. Loads 

used in the licensee's support analyses were taken from the analysis of the 

piping with the improved support configuration. In some cases, the 

presence of added supports reduced loads on nearby supports, so that some 

of the supports identified as unacceptable in the EG&G analysis were shown 

acceptable under the reduced loading in the licensee's analysis.  

Based on detailed comparison of the results of 14 supporting analyses, 

the criteria and methodology used by the licensee in analyzing pipe 

supports were shown to be in keeping with the SEP guidelines and current 

industry practice and are acceptable.  
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6. CONCLUSION 

Four confirmatory finite element analyses and one conf4rmatory hand 

calculation were performed for piping systems. Pipe supports of two of the 

systems were subjected to confirmatory analysis. Results of the 

confirmatory analyses were compared to corresponding results of the 

licensee's analyses. The confirmatory hand calculation results were 

compared to the results of a confirmatory finite element analysis. Based 

on the comparisons, the ltcensee's criteria and methodologies for analyzing 

piping and pipe supports were found in keeping with the SEP guidelines and 

current industry practice and are acceptable.  
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IAVIE 1. PIP~E LIAIA Also MAIERIAL JA'LClFlCA1I0;N-.5i PROIILLM SI-51 

L Wae litalbuC 6006-6- 1601 it 319- 12-EG 6004-W1-ISOIft 319-10o-LG 6007-6-1I50IR 320- 12-EG 6006- 14- ISOIR 320-10-IG 
6008-6- 1501 It 

(so ( nifhel.) 6.624 12.15 14.0 10.1b 

Thilckness (indkes) 0.432 0.6111 0.6a 0.593 
weight., (Ib/t) 39.06 140.1? 139.21 101.91 

Miterl4l AM1, IP-UI AIub-11 A312. TP-316 A106-B 

lCuld (11,6 p~l) 20. 2.9 20.3 2.  

Sil fpin) 111000 16000 111100 16000 

Owui'jn te~iijir~tura (If) P20 340 120 340 

Opaer~iting teumperature~ ('F) 120 .340 1?0 340 

Design prct~uru (lisi) 900 1350 90ot) l3b0 

0wraLting Iire~sure (i'tl) 900 1350 900 1350 

4. IeiIICudeC Wel'jilk Of PIPa±. COlltellt& dlkJi lfIJIdt1os, 
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TABLE 2. PIPE DATA AND MATERIAL SPECIFICATIONS--SIS PROBLEM SI-04 

Line number 6002-16-15IR 318-14-GG -338-8-GG 

00 (inches) 16.0 14.0 8.625 

Thickness (inches) 0.375 0.375 0.322 

Weighta (lb/ft) 141.68 122.38 50.24 
Material A312, TP-304 AS3-8 A53-8, 

6 
Ecold (10 .psi) 28.3 27.9 27.9 

Sh (psi) 18600 15000 15000 

Design temperature (*F) 120 340 .95 

Operating temperature (oF) 120 340 95 

Design pressure (psi) 140 360 360 

Operating pressure (psi) 140 360 360 

a. Includes weight of pipe, contents, and insulation.  

45



TABLE 3. PIPE DATA AND MATERIAL SPECIFICA2TONS--SIS PRC8LEN 51-158 

Line number 6007-6-150IR 6007-6-2501R 

00 (inches) 6.625 6.625 

Thickness (inches) 0.432 0.718 

a Weight (lb/ft) 39.86 60.46 

Material SA312, TP-316 SA312, TP-316 

Ecold (10 psi) 28.3 28.3 

Sh (psI) 18800 18800 

Design temperature (F) 120 570 

Operating"temperature (F) 120 570 

.Design pressure (psi) 900 900 

Operating pressure (psi) 900 900 

a. Includes weight of pipe, contents, and insulaticn.  
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TABLE 4. PIPE DATA AND MATERIAL SPECIFICATIONS--SIS PROSLEM SI-51 TUBING 

00 (inches) - 0.375 

Thickness (inches) 0.049 

Weighta (lb/ft) 0.2 

Material 316 SST 

E (106 psi) 28.3 

Sh (psi) 18800 

Design temperature (OF) 120 

Operating temperature (0F) 120 

Design pressure (psi) 900 

Operating pressure (psi) 900 

a. Includes weight of pipe, contents, and insulation.  
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TABLE 5. ?L-PNG SYSTEM1 VALVE DESCRIPTIONS 

Weight - ace-to-Face 
(lb Oimension 

Model Valve in.) ) 

SI-51 HV851A & B 2960/2338 -a3 
HV852A & B 2160/2338 33.  
12-600-222 1463/- 33 

SI-04 862-12-C42 750/- 27.5 
HV-S53A 2550/1275 33 
HV-854A 2210/1105 30 
14-300-4-88 1473/737 32.5 

- 86A-16-GC42 1053/527 16 

SI-158 IMOV-850C 801/393 21 
867C-6-C5'8 259/- 17 

SI-51 Tubing 870E-3/4"--I-a 5/- 5 
SIS-F-t-912 iso valve 9/0 2 

a. The first number is the weight o~the valve tody and the second is the 
weight of the valve stem.



TABLE 6. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERIODS OF 
VIBRATION--SIS MODEL SI-51 

W Rods W/0 Rods 

f T f T 
Mode (Hz) (second) (Hz) (second) 

1 4.739 0.211 4.455 0.225 

2 5.518 0.181 5.147 0.194 

3 5.794 0.173 5.794 0.173 

4 7.731 0.129 6.111 0.164 

5 8.298 0.121 7.645 0.131 

6 8.355 0,120 8.271 0.121 

7 9.127 0.110 8.380 0.119 

8 9.805 0.102 8.805 0.114 

9 10.697 0.094 9.465 0.106 

10 11.C37 0.091 10.464 0.096 
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TABLE 7. SUMMARY OF FIRST TEN NATURAL FREQUENCIES ANO PERICOS OF 
VIBRATION--SIS MODEL SI-04 

W Rods -WO Rods 

f T f T 
Mode (Hz) (second) (HZ) (second) 

1 1.024 0.977 1.024 0.976 

2 3.277 0.305 3.219 0.311 

3 4.545 0.220 2.639 0.275 

4 5.364 0.186 4.545 0.220 

5 7.209 0.139 5.364 0.187 

6 7.433 0.135 7.209 0.138 

7 7.585 0.132 7.437 0.134 

8 8.638 0.116 7.586 0.132 

9 8.968 0.112 8.638 0.116 

10 9.602 0.104 8.972 0.112 
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TABLE 8. SUMMARY OF FIRST TEN NATURAL FREQUENCIES ANO PERIOOS OF 
VIBRATION--SIS MOEL SI-158 

f T 
Mode (Hz) (second) 

1 6.288 0.159 

2 11.141 0.090 

3 13.236 0.076 

4 14.010 0.071 

5 15.529 0.064 

6 16.197 0.062 

7 18.456 0.054 

8 19.290 0.052 

9 20.911 0.048 

10 23.716 0.042 
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TALE 9. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERCS OF 
VIBRATION--SIS MCOEL 51-51 TUBING 

f T 
-Mode (Hz) (second) 

1 5.791 0.173 

2 9.046 0.110 

3 9.202 0.109 

4 11.587 0.086 

5 12.268 0.082 

6 13.815 0.072 

7 15.480 0.064 

8 18.422 0.054 

9 18.584 0.054 

10 23.364 0 .043



TABLE 10. COMPARISON Of 514E55 ESULTS FOR 5 51 

Inertiat Stress: Equation 9 2(SAM) Stress: Equation 10 

% Difference % Difference 
Stress ks) Based on Stress lksi) Based on 

Node/UP SlIF Max. Stress Max. Stress 
EG&G/Licensee Component EGLG/LIcentee EG6L* I pe (62.5 kst) EGLG Licensee (17.2 kui) 

1/, ieducer-trg 3.000 63.9 61,1 4 9.1 9.3 1 
15/10 Ieducer-sail 3.000 36.5 34.9 3 5.2 5.4 I 
20/25 Straight pipe 1.000 12.9 12.2 I 1.5 1.6 I 
22/30 Straight pipe 1.000 12.8 12.0 1 1.5 1.6 I 
30/36 Tee-run 1.421/1.426 13.9 12.9 2 2.0 2.3 2 
6O/46 Ieo-brAnch 1.421/1.426 j5.4 10.6 8 3.0 3.1 1 

-North run 1.42)/1.426 14.4 13.2 2 3.8 3.1 I 
-South run 1.42//1.426 12.5 12.6 0 3.2 3.2 0 

65/60 Reducer-Irg 2.000 15.9 12.1 . 5.0 4.8 I 
60/55 Reducer-sual 2.000 15.1 12.1 5 4.5 4.2 2 
830/300 Straight pIpe 1.000 11.3 9.2 3 L. 1.1 1 
80/b2 Straight pipe 1.500 10.5 9.5 2 2.6 2.6 0 

at branch 
9/l0b Elbow 1.000 8.2 1.2 2 2.0 1.9 1 
105/164 Elbow 3.000 8.6 8.0 1 1.9 1.8 I 
110/16b Elbow - 1.000 8.3 8.6 0 2.3 2.4 I 
145/105 Elbow I.000 8.8 8.8 0 4.3 4.4 I 
180/115 Straight pipe 1.000 11.1 I3.0 0 10.1 9.4 4 
84!/305 Straight pipe 1.000 12.1 9.8 5 1.1 1.7 0 

near valve 
860/310& Elbow 1.848 16.3 12.2 7 4.9 4.6 2 
81/325a Elbow 1.848 14.2 10.6 6 5.2 4.4 5 
8115/330a Elbow 2.423/2.421 12.2 11.0 4 3.) 3.6 1 
900/910A E lbow 1.148 10.4 10.2 0 1.8 1.6 I 
915/9061 Elbow 1.048 8.0 7.4 3 0.3 0.1 I 
250/166 Branch, 2.011 13.2 11.0 4 16.S 11.8 I 

Idest run 
100/449 Elbow 1.643 8.8 0.1 0 I1.6 16.6 6 
42b/260 Reducer-sal 2.000 26.4 29.2 4 6.0 5.2 1 
430/265 fieducer-lry 2.000 27.0 20.9 3 5.2 6.8 3 
435/350 lee-tr~nch 1.42//1.426 29.9 21.5 4 5.2 1.1 14 

-North run 1.421/1.426 21.6 22.6 2 3.8 4.6 4 
-South run 1.42)/1.426 35.1 30.4 8 6.3 1.4 12 

460/395 Straight pipe 1.000 18.1 11.0 3 2.4 3.0 3 
660/355 Tee-brasich 1.421/1.426 26.8 23.8 5 2.9 4.8 II 

-South run 1.421/1.426 26.9 24.0 5 2.9 4.5 9 
615/310 Elbow 1.848 15.5 15.6 0 3.0 3.5 3 
680/380 nloow 1.848 23.3 21.1 3 4.4 4.2 1 
680/380 educer-,iiad 3.000 34.0 31.8 4 /.1 6.8 2 
U5/382 Reducer-3rg 3.000 50.4 64.0 7 12.6 11.6 6 
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IAULL 11. CUeIWA1IS0N 01 SIHESS RL6ULIS FORl S I-04 ~ ~ ~ :E001f9 ~ ~ : ~i~; g~oi 

I oer t 14 SttESS E4MaI. 1 tes1 

Ei~i/i Ic±,h,..e Con 0poiiui CWLI 9censea fGLG L(Uiflnsue (2116S ksl) 1E6L G Iceiiue ( 1.105 kii) 
60//0 S9.rtlgII pipe 1.000 4.4 6.1 3 0.5 0.4 133/11( Str~ight pipe LOW0 6.4 4.) 3 0.) *o.6I 16S/90 StrdjgIIL pipeI LOW0 4.6 3.8 3 0.6 0.6 0 85/ 100 StrdigiL1 pe 1.000 1.4 1.6 0 1.6 1.5 1 100/10l Stra iJIL pipe± 9.000 10.4 10.5 0 19.8 0.11 0 1101120 Straighat pipe 1.0003 8.0 1.A 0 0.1 0.1 0 1?()/1303 Str-dight pipe 1 .0003 12.3 1?.5 1 0.6 0.6 0 1301/140 Strd4i pilpe LOW(1 6.? 3.3 a 1.4 1.4 0 M9/1945 Elbow 3.221/3.225 11.6 1.6 11 4.8 4 9 9 140/145 flNOW 3.22//3.225 14.2 11.0 13 5.0 6.0 0 
145/hO0 Straight pi~o± L.0(W 1.? b./ 6 1.6 1.6 0 
960/ 153 St.raight pipie I .13 00 8.0 1.2 1 1.9 2.0 1 ISS/M6 fElbow 3.221/3.225 19.3 16.1 16 6.8 6.6 3 1,30/115 Elbow 3.221/3.224 15.4 12.4 13 4.1 4.21 115/1366 Slli~ght pipol LOW01 23.S *16.2 31 6.5 5.4 I 19(1/ I is Stra igi plipe 1.0001 14.1 14.3 2 6.1 C.0 I 2i11/ 990 Stra 99111 Jpup 1.0m13. 90. '.? 6 9.9 1.9 0 kOS/200 StrdliL pipe. 1.0010 13.4 .12.4 4 1.9 .?.1 2 ? 15/2 10 Striga9t~ pipe L.0ow 6.1 1.1 2 3.9 3. d I 226/1M fElbow 3.22113.265 19.1 1?.0 *. 4 H9.2 90.9 3 
22?/Is flbow 3.21/13.226 11.9 11.6 9 8.2 1.1 5 230/220 E lbow 3.221/3.225 16.0 13.4 y 31.6 8.3 3 

236/zz0 MlOW 3.22//3.226 14.2 12.0 9 9.1 9.2 9 2b0/225 E Ibow 3.2/3.226 14.) 13.U 4 1.5 8.06 
2b5/2?5 low 3.221/3.225 11.1 11.? 2 6.9 11 26S/230 E lbtlw 3.221/3.225 it).1 6.4 20 8.2 1.2 9 2101231) Elbow 3.22//3.225 9.8 6.9 16 6.6 6.8 11 2ub/236 Elbow. 4.229/4.232 13.5 0.1 23 1.3 6.9 99 290/235 f lbow 4.?29/4.232 96. a 9.2 32 6.3 6.6 3 3ZO/245 Itt: -br guicl 1 2.539/2.638 93.4 9.4 11 4.6 6.0 4 -Nlorthi rusk 12.5 8.9 Is 4.6 6.0 4 33S/W4 Re~duce±r- 1rg 2.1000 19.5 1.0 19 3.9 3.1 1 3403/241 Redti~cer-sude 2AW(1 10.2 Y.2 13 3.3 3.6 3 346/?SS Elbow 3.051/3.041 16.0j 11.0 24 6.2 6.19 
36(1/266s f Illow 3.11S 1/3.841 19.0 Hi.1? 6.3 .5 360/260 lee-bralicI 2.31112.316 13.5 9.9 15 3.8 3.91 

-ital culk 14.2 11/ 0 . 4.0) 4 
-Nortik run 14.2 92.S 1 .9 2.0 9 3/0/?10 Rediucar- 1a 2.000( 99.2 24.? ?1 b.0 6.9 91 D1/210 Redjucer-ui 2 .0010 20.S 13.1 30 6.0 3.2 16 

3056/2W, k lbow 3.l161/3.041I 201.9 11.0 Ili 3.1I 2.6 S 330(/?IIS f I bow M5.1/3.041 21J.? 14.6 24 3.2 1.6 14 ho1/2910 E lbow 3.8561/3.8141 ?0.2 14.S 24 3.2 1.6 14 
396/29u ElIboW 3.B61/3.041 14.) 10I.S Ii 2.9 I.A 10



lABLE 1?. C0141ARISON Of SlltLSS HESITrS IFOR $1- 158 

Inertial Stress: Equation, 9 2(SA4) Stress: Equation 10 

% Difference % Difference 
Stes kisJ. Ba~sed on Stress (Wi) B.ased on 

__________ CwpSn ife~e m x. Stress M icne. Hx. Stress 
EUGL/Licensee Comonet________e GL L 1.6te (13.1 kii) MG_ icese _16 sl) 

5/1000 Straight pipe 1.*000 6. .0 4 2.2 3.1 13 
201101a Straighit pipe 1 000 4.4 3.6 6 0.2 0.2 0 
35/1090 Straighat pipe 1.000 .1 4.3 6 0.8 1.0 3 
40/1100 Straighat pipe 1.0004. 416 0 111 
4S/ClUO Elbow 1.*643 4.4 3.0 5 0.8d 0.6 3 
bO/C IOA Elbow 1.643 4.2 3.6 5 0.6 0.6 0 
55/c9 Elbow 1.643 4.1 3.3 6 1.0 1.5 1 
60/C/0A Elbow 1.643 .4.3 3.4 1 .2 1.5I 
Jo/C80 Elbow 1.643 4.2 3.4 6 1.6 1.2 6 
15/C8A Elbow 1.643 4.2 3.5 5 L2. 0.9 4 
0//iElbow 1.643 4.2 3.6 5 0.8 1.0 3 

6/C/A Elbow 1:643 4.? 3.0 3 .0.8 1.6 12 
96/eO lbo 1.434.3 4.0 2 ~ 1.2 1.1I 

100/C6A ElIbow 1.643 4.2 3.9 21.2 1.1 1 
105/1210 Stra Iglat pipe 1.000 4.1 3.6 60 063 
I15/1290 Straighat pipe 1.000 4.0 3.1 2 0.6 0.8 3 
120/1320 Straight pipe I.0O0 4.2 4.4 2 1.2 1.2 0 
l25/CSB Ilbow LOW0 4.3 4.4 1 1.2 1.2 0 
130/CSA Elbow 1004.5 4.4 I 1.4 1.3 I 
135/1360O Straight pipe 1.000 1r:.; 4.6 4.08. 2 2.0 I.1 4 
140/1350 iuga 0 branch 1 500/,OOA1' 5.2 6.2 8 3.4 4.2 12 
145/C4B Elb ow 1:643 6.6 5.1 I 4.0 3.6 6 
IS0/C4A Elbow 1.643 5.9 6.4 4 4.6 .4.2 6 
155/1430 Straeight pipe 1.000 5.5 6.2 5 3.0 2.6 6 
160/1440 Straight pipe 1.000 .,5.5 5.9 3 3.0 2.6 6 
165/1460 Straight pipe Lim0 4.9 5.3 3 1.8 1.91 
195/081 ElIbow 1.643 6.2 1.01 12 8.1 6.8 19 
200/C3A ElWOW 1.643 5 .) 8.1 18 1.0 6.5 1 
205/V2C Straight p Ipe 1.000 5.? /.5 14 3.8 3.) I 230)/1100 Elbow 1.099 . 92 0.I 38 .116 
235/1/04 Elbow 1.099 9.6 10.9 10 4.0 2.8 18 
235/ 110 Elbow 1 .009 9.6 11.3 13 4.0 2.9 .16 

24U/ 1 hil Elbow- I.0!)9 .. 10.0 12.5 19 4.6 3.2 21 
26aJ11J1J Straight pipe LOW0 12.1 1356 4.0 2.8 IS 

a. fle fG&6 4nalytit 4assumed 4 full penetration weld in plaice below tile fillet we ld per coaaaon nuclemr grade weld 
practice. Tile licenseoaas 4iiaiy!st conservAtlvoly diSsuuaed that onlthViblwldoudecrit. Tise o 
tile difference Iii SIF. ytlviilwedcudbcried hsedo 
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TABLE 13. COMPARISON OF STRESS RATIO RESULTS FOR SI-51 SUPPORTS 

Stress Ratio 

Suooort ID Type Node/OP Comoonent EG&G Licensee Notes 

SI-05-0320-H013 snubber 22/30 anchor 1.6 -- 1 
bolt 

SI-05-6005-H006 strut 260/157 clamp ,0.3 0.9 2 

51-02-6005-H005 snubber 375/225 snubber 1.8 1.8 3 

SI-06-6005-H004 snubber 380/230 clamp 1.8 1.0 4 

SI-06-0319-HOO7 snubber 485/537 anchor 2.0 0.9 5 
bolt 

SI-05-0320-H017 spring 855/310 spring 0.86 0.87 
hanger hanger 

SI-05-0320-H011 snubber 861-315 anchor .0.64 0.96 6 
bolt 

1. The supports added to $1-1 made the snubber unnecessary and it was 
removed.  

2. Based on the shape and dimensions recorded In the field, the EG&G 
analyst concluded the clamp was part of the snubber assembly originally 
installed. The licensee's, analyst made note of the discrepancy, but used 
the load rating for the clamp associated with the strut assembly that 
replaced. the snubber. This was conservative.  

3. The support had been turned over to the licensee's design group for 
modification to increase lcad capacity.  

4. The EG&G analyst used the published catalog load rating. The licensee's 
analyst contacted the manufacturer and obtained an increased load rating for 
the clamp.  

S. Supports added to the piping in the vicinity of this support reduced the 
loads on it to acceptable levels.  

6. Suports added to the piping in the vicinity of this support increased 
its loads.  

0



TABLE 14. COMPARISON OF STRESS RATIO RESULTS FOR SI-158 SUPPORTS 

Stress Ratio 

Sunport ID Type Node/OP Comoonent EG&G Licensee Notes 

SI-01-6007-H005 strut .35/1090 clamp 0.23 0.21 

SI-01-6007-H30I guide 105/1270 baseplate 0.70 0.96 1 

SI-01-6007-HOOE snubber 155/1430 baseplate 0.33 0.34 

SI-01-6007-HOOO snubber 160/1440 baseplate 0.52 0.39 2 

SI-01-6007-HOO0 snubber 165/14-60 anchor 0.29 0.93 3 
bolts 

SI-01-6007-HOOB spring 180/1500 spring 0.78 0.79 
hanger hanger 

SI-01-6007-HOOA spring 240/1710 spring 0.72 0.58 4 
hanger hanger 

1. The EG&G analyst did a finite element analysis, the licensee's analyst a 
simple beam calculation. Both are acceptable.  

2. The EG&G analyst did a simple beam calculation, the licensee's analyst a finite element analysis. Both are acceptable.  

3. The licensee's analysis was based on factoring the results of a previous 
analysis to account for different loads. Ir the previous analysis support 
loads had been increased to account for the possibility of support dynamic 
response. Current criteria ensure support rigid response, so that support 
loads need not be increased.  

4. Different hot loads were used. EG&G's hot load was based on design 
drawings, because the hot load hanger setting was not recorded during 
walkdown. The licensee's load was based on the current setting.  
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APPENOIX A 

COMPUTER PROGRAM OESCRIPTION 

The-NUPIPE-iI computer program performs linear elastic analysis of 
three-dimensfonal piping systems subject to thermal, deadweight, seismic, 
and other static and dynamic loads. The NUPIPE-II program is also designed 
to perform stress and fatigue analyses in accordance with the ASME Boiler 
and Pressure Vessel Code, Section III, Nuclear Power Plant Components, 1974 
Edition through the Summer 1975 Addenda; and the ANSI 831.1 Code, 1967 and 
Summer 1973 versions. NUPIPE-tt may also be utilized to assure compliance 
with later piping code requirements provided.the analyst takes into 
consideration any possible changes. Piping systems of more than one 
classification can be analyzed.  

NUPIPE-II utilizes the finite element method of analysis with special 
features iccorporated to acc:moata specific requiraments of piping system 
analysis. In acecrdance with the finite element methcd, the continuous 
piping is mathematically idealized as an assemoly of elastic structural 
members connnecting disc-ete nocal points. Nodal points are placed in such 
a manner as to isolate particular types of piping elements, such as 
straight runs of pipe, elbows, valves, etc., for which force-deformation 
characteristics can be categorized. Modal points are also placed at all 
discontinuities,. such as piping supports, concentrated weights, branc= 
lines, and changes in cross-section. System loads such as weights, 
equivalent thermal forces, and earthquake inertia forces are aoplied it te 
nodal points. For the deadweight and dynamic time-4history and ressponse 
spectra analyses, distributed weight properties of tne piping as well as 
concentrated weights, such as valves, pumps, or snuooers, can be 
considered. A lumped mass mcdel of the piping system is used for all 
dynamic analyses. Soth translational and rotational degrees-of-freedom may 
be considered.  

For further information concerning NUPIE-tI capaoilities or 
analytical procedures, contact Applied Mecoanics Brancn of G :oano, Inc.  
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APPENOIX 8 

MICROFICHE OF CCMPUTER CUTPUT



NOTE: MICROFICHE OF COMPUTER OUTPUT 

(PAGES B-2 TO 5) ARE AVAILABLE 

IN THE PUBLIC DOCUMENT ROOM and 

LOCAL PUBLIC DOCUMENT ROOM
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P"VERAGE DI AGONAL ELEMEN>T 5. 147I.  
DENSITYi OF THE MA~TRIX *'O4 
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CONSTRAINT nP HAVE STIFFNESS COMiP
ATIBILETY PROSLEM1. SEE NODE ANZ/GR 
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