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Issue 1 

"The licensee has not yet established final seismic reevaluation criteria for 
their analyses of piping systems, mechanical equipment and supports. In 
several cases, Bechtel generic analysis methods and acceptance criteria are 
being used. However, departures from these methods and criteria have not been 
finalized in project specific documentation. SCE is giving high priority to 
completing and submitting for staff review San Onofre Unit I seismic analysis 
methods and criteria." 

Response: 

SCE's methodology and criteria to be used in the seismic reevaluation of 
piping and equipment were submitted to the NRC by letter dated October 8, 
1981. As a result of NRC review of this document, a number of open issues 
were identified as discussed at the December 1 - 3, 1982 meeting.  

Proposed resolutions to the last major unresolved issues regarding the seismic 
analysis methods and criteria were presented to the NRC in a meeting on 
February 17, 1983. Specifically, the methodology to be used for combining 
seismic inertia and seismic anchor movement loads and the methodology to be 
used to address seismic anchor movement piping stresses were discussed. A 
revised seismic reevaluation criteria document incorporating these provisions 
and other items discussed with the NRC staff, is provided as Enclosure III.



Issue 2 

"Procedures to ensure proper interfacing among various engineering groups have 
not been defined. Interfaces between support, structural and piping analysis 
were discussed for the Bechtel reanalysis effort. Information on Westinghouse 
and other contractors interface procedures were not discussed." 

Response: 

In response to this issue, Bechtel has prepared for use on the San Onofre Unit 
1 project a specific description of the division of responsibility and 
interface between the Bechtel disciplines involved in the seismic reevaluation 
of San Onofre Unit 1. This description is reproduced here for your 
information.  

DIVISION OF RESPONSIBILITY AND INTERFACE REQUIREMENT - SAN ONOFRE UNIT 1 
SEISMIC REEVALUATION PROGRAM 

PURPOSE 

The purpose of this document is to describe the division of responsibility and 
the interface between the Civil/Structural, Plant Design, and Mechanical 
Engineering Groups in the seismic reevaluation program for San Onofre Unit 1.  

DIVISION OF RESPONSIBILITY .The division of responsibility between discipline groups is determined by the 
Division Chief Engineers. The Project Engineer ensures that each discipline 
group has a clear understanding of its responsibilities. Responsibility for 
pipe support design and structural load evaluation is divided between the 
Plant Design Group and the Civil/Structural Group. The following describes 
the division of responsibility for the design of pipe supports, the evaluation 
and design of structures for the effects of pipe support loadings, the 
evaluation of equipment nozzle loading, and the evaluation of valve 
accelerations.  

Plant Design: 

The Plant Design Group performs pipe stress analysis and designs pipe supports 
to ensure that the piping systems and associated components are maintained 
within acceptable limits for design basis event loadings. The design of pipe 
supports includes the attachment or anchorage of the support to the supporting 
structure. Additionally, the Plant Design Group is responsible for the 
routing of new piping and modification of existing piping.  

Civil Structural: 

The Civil/Structural Group is responsible for the evaluation and design of 
structures for all applied loadings, including pipe reactions and equipment 
loads.



Mechanical 

The Mechanical Group is responsible for the definition of the scope of the 
reevaluation as it relates to the systems and equipment, including the 
definition of any new requirements for valves or equipment. The Mechanical 
Group also interfaces with equipment vendors to assure that vendor designs 
meet the Project Criteria. Additionally, the Mechanical Group evaluates valve 
accelerations and nozzle loadings received from the Plant Design Group and 
determines the acceptability of these loadings.  

DISCIPLINE INTERFACING 

Plant Design: 

The Plant Design Group identifies and locates all pipe supports. Each pipe 
support is uniquely identified by a tag number including a prefix that 
represents the area of the plant in which the support is located.  

Piping support loads on equipment and structures including associated 
stiffness requirements, are provided to the Mechanical and Civil/Structural 
Groups, respectively, for the evaluation of the mechanical equipment and 
structural members. Depending upon the results of these evaluations further 
interactions on the location and type of piping supports may be necessary.  
For the most part the routing of the piping is not modified, since the piping 
routing is dictated by existing space and interference limitations in the . plant.  
The Plant Design Group utilizes a variety of tracking and statusing tools to 
control interface information and to provide easy and timely access to updated 
information from the stress analysis. These tools are used to transmit 
information to the Civil/Structural and Mechanical Groups. The following 
paragraphs describe these tracking and statusing tools.  

The Hanger Tracking System report identifies all pipe support requirements as 
delineated by the pipe stress analysis. It indicates drawings issued, 
supports installed, and the Q.C. buy-off status. It is maintained and updated 
as new drawings are issued or as revised/new pipe stress analysis is issued.  
This tracking system can sort pipe supports by area. The Civil/Structural 
(C/S) Group uses this tracking system to ensure that each structure is 
evaluated for all seismic support loading resulting from the reevaluation 
program. Additionally, the Pipe Support Description List (PSDL) which 
controls the design of pipe supports is transmitted to the C/S group. The 
Plant Design Group maintains all master PSDLs and a calculation control log 
which indicates the current revision of each PSDL. The calculation control 
log is updated as required to reflect the current status. Also, all 
individual pipe support drawings are transmitted to the C/S group as they are 
issued for construction.  

Similarly, data books are maintained by the Plant Design Group for containment 
penetration loading and equipment nozzle loading. This information and .subsequent revisions are transmitted to the C/S Group and the Mechanical 
Group, respectively. Indexes are published by the Plant Design Group which 
give the current revision of this information.



Civil/Structural 

The Civil Structural Group generates and issues instructure seismic response 
spectra curves which are used by both the Plant Design and Mechanical groups.  
A listing which defines all seismic spectra sketches by Sketch No., revision 
and title is in the Reevaluation Criteria Seismic Reevaluation and Upgrade 
Program Document which is controlled by the Project Document Processing 
Group.  

The Civil Structural Group generates the seismic displacement of structures 
and transmits those data to Plant Design for use in pipe stress analysis.  
This information is transmitted to Plant Design by interoffice memorandum.  
This transmittal is followed up by the Civil Structural Group to ensure that 
the information has been received and understood. To date, 10 memoranda 
containing structural displacements have been transmitted to Plant Design, 
including one that has been superceded by later information.  

Mechanical 

The Mechanical Group generates and issues, through the Project Document 
Control Group, the scoping P&IDs which are used by Plant Design in 
establishing the extent of piping within the seismic reevaluation scope. The 
Mechanical Group evaluates the calculated valve accelerations and equipment 
nozzle loads provided to them by the Plant Design Group. The 
accelerations/load sheets are stamped as approved and returned to Plant Design .for documentation. If the accelerations/loads are found unacceptable the 
Plant Design and Mechanical Groups jointly work out a solution (e.g., more 
supports and reanalysis of the piping or modification of exising equipment).  
The Mechanical Group also provides all system pressure and temperature 
information to the Plant Design Group. This is accomplished through the 
project Line Designation List which is issued through the Project Document 
Control Group.  

WESTINGHOUSE INTERFACE 

Westinghouse performs pipe stress analysis and pipe support design as a 
subcontractor reporting to Bechtel. Westinghouse work is controlled and 
monitored by the Plant Design Group and all Westinghouse load data is provided 
by letter transmittal to the Bechtel Plant Design Group. The Bechtel Plant 
Design Group processes the Westinghouse information using the hanger tracking 
system and the load data books and statusing indexes described above.  
Additionally, Westinghouse Pipe Supports are processed and evaluated per the 
procedures described in the Plant Design and Civil/Structural interfaces.  

PROJECT ENGINEERING GROUP 

Through the use of these various documents, and in accordance with the 
engineering department and project procedures, the discipline interface 
responsibilities are defined and monitored by the Project Engineer responsible 
for design control.



Issue 3 

"The licensee has not provided adequate technical bases regarding: (a) 
adequacy of the Reactor Coolant Loop nonlinear analysis; (b) the potential 
for vent stack structural failure and its effect upon shutdown of the 
facility; and (3) the inclusion of Seismic Anchor Movements in the evaluation 
of piping systems and their supports." 

Response: 

The responses to these issues are addressed in Enclosure II. Specifically, 
item (a) regarding the reactor coolant loop analysis is addressed in the 
response to item 1; item (b) regarding the vent stack is addressed in the 
response to item 2; and item (c) is addressed in the response to item 3.



ENCLOSURE II 

RESPONSES TO OPEN ITEMS 

FROM DECEMBER 1 - 3, 1982 MEETING 

SAN ONOFRE NUCLEAR GENERATING STATION 

UNIT 1 

MAY 20, 1983



1. Adequacy of the Reactor Coolant Loop Nonlinear Analysis 

"The staff's position on this issue is that the licensee should perform 
three more time history analyses of the NSSS system as defined in Ref
erence (1). However, the staff also stated that if the licensee and Its 
consultants have other alternatives in mind to resolve the issue, the 
staff would consider any suggested approach if substantial margins in 
the analytical techniques and/or the as-built structures, piping, 
equipment and supports can be technically justified." 

Response: 

The response to this item was presented to the NRC in meetings on 
December 17, 1982 and February 17, 1983. As discussed in detail at 
these meetings, it is concluded that there are substantial margins in 
the analysis of the reactor coolant loop and therefore further time 
history analyses are not considered necessary.



2. Effects of Vent Stack Structural Integrity 

"The staff's position on the subject is that the licensee should perform 
an analysis to ensure the structural integrity of the stack under com
bined dead load and seismic loads, or demonstrate that the consequences 
of failure of the stack will not preclude the safe shutdown of the 
plant. The licensee's position is that this vent stack is a non
seismic category 1 item, and therefore, is not included in the scope of 
seismic reevaluation. However, the NRC staff's site tour confirmed that 
failure of the vent stack could adversely impact such items as the 
Component Cooling Water System, the auxiliary feedwater system piping, 
ventilation systems and structure, and many other safety-related cable 
trays and electrical conduits. The licensee has not determined the 
system functions associated with potential failures of the cable trays.  
conduits and ventilation building." 

Response: 

An analysis will be performed to evaluate the structural integrity of 
the vent stack under combined dead load and seismic loads. If the 
results of the evaluation cannot establish the structural integrity of 
the vent stack, the vent stack will either be modified to ensure its 
integrity, or it will be shown that the failure of the stack will not 
preclude the safe shutdown of the plant.



3. Inclusion of Seismic Anchor Movements (SAs) in the Evaluation of Piping 
Systems and their Supports 

"The staff's positions are described in the November 26, 1982 letter 
(Reference 1). During the meeting, the licensee stated that they might 
consider the issue of piping stresses due to Seismic Anchor Movements by 
evaluating the piping using Equation (11) of the ASME Code, Section III, 
with a technically justified increase in the allowable stress. The 
staff suggested that the licensee should submit the justification for 
using higher allowable stresses than those given in the Codes.  

It is the licensee's position that seismic inertia load and the seismic 
anchor movement load should be combined by the SRSS method for pipe 
supports. However, the staff indicated that additional detailed 
justifications such as demonstration by comparing the inertia and anchor 
movement response time histories, and other information must be provided 
to justify the use of the SRSS method. The licensee's reference to work 
performed by Sargent and Lundy to support the use of SRSS does not 
support the licensee's position and in fact indicates that the SRSS 
approach is non-conservative most of the time. The staff suggested that 
the licensee should provide a table describing the locations where the 
Absolute Sum method would result in overstress, and indicating the 
stress values by the Absolute Sum method and the SRSS method along with 
the allowable stresses." 

Response: 

The response to this item was presented to the NRC in meetings on 
December 17, 1982 and February 17, 1983 and was documented in a letter 
to the NRC dated February 28, 1983. SSE seismic anchor movement pipe 
stresses will be included in the evaluation of piping as specified in 
the February 28 letter. SSE seismic anchor movement and SSE seismic 
inertia pipe support reaction loads will be combined by the absolute sum 
method.



4. Effects of the Flexibility of Intermediate Structures on the 
Stiffness of Pipe Supports 

"Some pipe supports are installed on flexible intermediate structures 
(e.g., pipe rack inside containment, structural steel members, etc.).  
The use of floor response spectra at the nearest point vhere spectra are 
generated is questionable for calculating the piping stresses and pipe 
support loads. The licensee must demonstrate that the effects of 
flexibility of intermediate structures on the piping systems and their 
supports analyses are either negligible or have been included In the 
analysis." 

Response: 

This response will be provided by June 10, 1983.



5. Effects of Degradation of Existing Piping and Equipment Supports 

"During the tour of the facility, the NRC staff found that degradation 
of equipment supports due to environmental effects exists in the 
facility. For example, the web of a partially embedded I-beam 
supporting the Component Cooling Water Heat Exchanger has been corroded 
through the web thickness. The licensee was requested to take remedial 
action and to inspect other possible areas to ensure that similar 
conditions do not exist." 

Response: 

As part of the seismic reevaluation program the existing condition of 
safety-related piping and equipment supports are examined in the field 
under the supervision of the Quality Control Group. These examinations 
are either carried out by a qualified AWS D-1.1 inspector or engineers 
loaned to and directed by the Quality Control Group. All supports are 
visually examined, including those for which no modifications are 
required. Procedures have been developed to provide guidelines for the 
performance of this examination.  

For mechanical equipment the results of the examination are documented 
in the respective equipment analyses. If significant corrosion is 
observed, the corroded member is evaluated. If requiredsthe corroded 
member is either replaced or repaired. Appropriate measures are taken 
to prevent further corrosion. In the case of the component cooling 
water heat exchanger, the member in question primarily supports the 
vertical loads of the lower exchanger shell. The member is being 
evaluated for the design loads. At the completion of this evaluation 
the disposition will be determined by the Mechanical Engineering Group.  

For piping supports, when significant corrosion is found, the corroded 
member is either replaced or repaired. This determination is made by 
the Plant Design Engineering Group.  

These procedures will be submitted by June 10, 1983. They are currently 
being revised to reflect NRC comments from the May 2, 1983 meeting.



6. Effects of Large Line Inertia on Branch Line Piping Analysis 

"The licensee's criteria for decoupling small lines from large lines is 
based upon the ratio of moments of inertia. The connection at the large 
line is considered as an anchor point for the small line if the ratio of 
the moments of inertia is 10 or greater. This is acceptable if the 
point of connection is close enough to a relatively "rigid" support such 
that the inertial input to the small line is negligible. Otherwise, if 
this cannot be demonstrated, the effects of large line inertia loading 
on the branch line must be considered in the branch line analysis." 

Response: 

While the specific approaches used by Bechtel and Westinghouse differ, 
they both provide assurance that the effect of large line inertial 
responses are considered in the evaluation and analysis of branch line 
piping. With the exception of the main steam line inside containment 
which uses the overlap technique, the Bechtel and Westinghouse analyses 
interface points are at piping anchors or the containment sphere 
penetrations.  

A. Bechtel performed pipe stress analysis 

The effect of run piping seismic inertia response on branch piping 
is addressed per the methods below, as dictated by the ratio of 
the respective moments of inertia of the run and branch pipes and 
the seismic inertia displacement of the run pipe at the branch 
intersection point.  

1. If the moment of inertia of the branch pipe is greater than 
1/10 the moment of inertia of the run pipe, the branch line 
is analyzed (coupled) with the larger (run) pipe for all 
load cases.  

2. If the moment of inertia of the branch pipe is less than, or 
equal to, 1/10 of the moment of inertia of the run pipe the 
branch pipe can be run separate (decoupled) from the run 
pipe analysis. The intersection point (i.e., branch 
connection) is considered to be an anchor point in the 
branch analysis and is analyzed as such for all load cases.  
Appropriate stress intensification factors (SIF) are applied 
at the branch connection point in both run pipe analyses and 
the separately analyzed branch pipe analyses. In addition, 
the following is considered, based on the inertial 
displacements of the run pipe at the branch connection point.  

a) If the run pipe inertial displacements are less than, 
or equal to, 1/16 inch at the branch connection point, 
no additional consideration is required. These small 
inertial displacements demonstrate that the branch 
connection is adjacent to rigid supports and therefore 
no significant amplification of the floor response 
spectra exists on the small branch piping due to the 
inertial response of the larger run pipe.



There are 35 decoupled pipe stress problems in this 
category.  

b) If the run pipe inertial movements are greater than 
1/16 inch but less than 1/4 inch at the branch 
connection point, static analysis is performed wherein 
the inertial movements due to the SSE response of the 
run pipe, at the branch connection point, are input in 
the branch pipe (decoupled) analysis. The resulting 
stresses in the branch pipe are combined with the dead 
weight stress, SSE seismic inertial stress and 
longitudinal pressure stress (in the branch pipe) to 
satisfy the EQ. 9 stress limit. Additionally, a 
sample consisting of 5 decoupled branch line pipe 
stress problems in this group will be evaluated with 
their respective run pipe analysis by modeling a 
portion of the branch line (approximately 15 feet 
including at least one support in each direction) with 
the run pipe model and performing a dynamic analysis.  
The results of this analysis will be evaluated against 
the static displacement analysis of the branch line to 
ensure that no significant amplification of the floor 
response spectra exist on the small branch piping due 
to the inertial response of the large run piping. The 
size of the sample will be increased if any 
significant amplification is noted. There are 16 pipe 
stress problems in this category.  

c) If the run pipe inertial movements are greater than 
1/4 inch at the branch connection point, a portion of 
the branch line (approximately 15 feet including at 
least one support in each direction) will be modeled 
and analyzed dynamically with the run pipe. There are 
6 pipe stress problems in this category.  

B. Westinghouse Performed Pipe Stress Analysis 

1. The branch line need not be included in the run model if its 
section modulus is 15 percent or less of the run section 
modulus.  

2. For branch lines which have section moduli greater than 15 
percent of the run section modulus, the branch line will be 
modeled initially for a distance of approximately 15 feet.  
If it is later determined by the piping analyst that 
additional modeling information is required, it will be 
provided and included within the analysis model.



3. In the run analysis where the branch line has not been 
evaluated, the branch allowable bending moments will be 
considered. Using Sections NB-3650 or NB-3600, Equation 9, 
the branch allowable moment will be determined considering 
the proper allowables.  

4. For branch lines which are not included in the model, 
supports within 10 feet of the run are noted and considered 
since a support near the run pipe could effect the run pipe 
flexibility.



7. Effect of the Sphere Enclosure Building on the Frequency Shift of the 
Spectral Peak on the In-Structure Response Spectra for the Reactor 
Building and Containment Sphere 

"The licensee indicated that the effect of the sphere enclosure on the 
structures response spectra is a reduction in the peak amplitude.  
However, the effects on the entire in-structure response spectra shapes 
must be ascertained to confirm the use of a conservative input for 
piping and equipment analyses. We felt that this could be demonstrated 
by showing that the structure mode shapes and their relative response 
contributions are reduced and that frequencies of response are not 
significantly altered. The licensee stated that this type of 
justification would be formulated." 

Response: 

The response to this item was presented to the NRC in a meeting on 
February 17, 1983. As discussed in detail at that meeting it is 
concluded that the fundamental frequencies are not significantly altered 
and the relative response of NSSS support points in the reactor building 
is reduced by 10 to 30 percent.



8. Turbine Pedestal 

"In its submittal of April 30, 1982, in evaluating the three walls on 
lines F, H and K of the turbine pedestal, the licensee found that 
"...the concrete is capable of resisting tensile stresses on the order 
of 0.4 f'c or 263 psi in accordance with ACI 349-76, Appendix 84.3." 
The licensee confirmed that the information was incorrect and agreed to 
provide further information for staff review. This information must 
consist of accurate loadings, appropriate acceptance criteria and justi
fication for the adequacy of the criteria." 

Response: 

The walls of the Turbine/Generator pedestal on lines F, H and K are 
massive concrete walls and are heavily reinforced. The thickness of 
these walls varies from 4'-6" to 7'-0". These walls are reinforced on 
all four faces as follows: 

a) The vertical reinforcement for both faces is #18 bars at 12" 0.C.  
extending from top to bottom.  

b) The shear ties in the walls are perpendicular to the plane of the 
walls. These are #5 ties (note that the April 30 report 
incorrectly indicated #4 ties) at 24" spacing in plan and 24" 
spacing along the height of the wall.  

C) At the top of the wall a 7'-0" wide horizontal strip is designed 
as a beam and is reinforced with 6 #18 bars, horizontal on each 
face. The lower portion of the wall below the 7' strip has #5 
bars at 24" 0.C., horizontal, on all faces.  

All the transverse loads are applied at the top of the wall due to the 
machinery located at the top of the wall and are resisted by the space 
frame action of the columns - beams - walls assembly, and the 
out-of-plane bending capacity of the walls about the horizontal axis 
(vertical cantilever action). Since vertical cantilever action is the 
primary load carrying mechanism, vertical #18 bars at 12" on center on 
each face of the wall are provided for resistance and are calculated to 
be adequate. The out-of-plane bending of the walls about the vertical 
axis due to the application of transverse point loads at the top corner 
of the wall (this occurs at the corners of the top of the wall because 
of the large cut-outs in the deck which supports the turbine-generator 
set) is resisted by horizontal reinforcement at the top of the wall (#18 
bars at 12" on center on each face). This reinforcing is calculated to 
be adequate in resisting the applied loads causing out-of-plane bending 
in the walls about the vertical axis.



At the lower portion of the walls some out-of-plane bending moment 
develops due to the restrained boundary at the wall and basemat 
junction. The bending moment is an out-of-plane moment about the 
vertical axis, and is a secondary type moment. The statements made in 
paragraphs 3 and 4 on page 27 of the April 30, 1982, report are in 
connection with this bending moment and the resistance capacity of the 
wall. Therein it was shown that the stresses which might occur due to 
the secondary moment would be acceptable since they would be less than 
the tensile capacity of the concrete.  

Subsequently, the reserve capacities of the walls were computed for the 
vertical cantilever action, the primary load carrying direction of the 
walls. Table 1 shows these values. The secondary bending moments that 
occur at the base of the walls are less than the primary moments by a 
factor of 6-8. The factors increase at higher elevations. Therefore, 
even if the primary and the secondary bending moments are superimposed, 
the capacities of the walls in the principal load carrying direction 
will not be exceeded.  

Based on the above, it is concluded that the evaluation of the walls are 
adequate.



TABLE 1 

TURBINE PEDESTAL WALLS RESERVE CAPACITIES 

Average Applied Ultimate Moment Percent Remaining 
Thickness Primary Moment Capacity Reserve Capacity 

Wall (feet) (k-in/ft) (k-in/ft) (M) 

F 4.5 3128 6868 120 

H 6.0 6146 9604 56 
Weighted(1 ) 

K Average 8116 9604(1) 18 

Notes 

(1) Outer 118 inches on either side has t = 7 feet, 
center 124 inches has t = 4 feet.



9. Clarification of One-Dimensional Soil Analysis and Soil Shear Moduli 
for BOP Structural Analyses 

"The licensee confirmed that the original one-dimensional soil 
response analysis for SONGS 1 was verified using the computer code 
SHAKE during the Unit 2 & 3 analyses. Strain dependent soil 
properties were considered in the analysis. The depths at which the 
shear moduli used for soil spring determination were extracted from 
these analyses were based upon the testing performed at the site.  
The licensee agreed to summarize this approach, using references to 
existing Unit 2 & 3 docket Information as appropriate, and to provide 
the range of shear moduli incorporated into the analyses of each of 
the BOP structures." 

Response: 

The details of the procedures utilized to calculate soil-structure 
interaction parameters are summarized in the Balance of Plant, SONGS 
Unit 1, "Soil-Structure Interaction Methodology Report", Revision 1 
by Woodward-Clyde Consultants, Orange, California, July 1978. The 
basis for these procedures is documented in Appendix 3.7C of the 
SONGS Units 2 and 3 FSAR. Basically, Appendix 3.7C presents the 
results of large scale transient field response tests carried out at 
the site. In addition, the results of two-dimensional finite element 
and one-dimensional wave propagation response analyses with strains 
compatible to the design basis earthquake level shaking are also 

presented, therein. The results of additional parametric response 

analyses for several levels of seismic shaking have been documented 
in Appendix F of the revised in-situ soil conditions report, which 
was submitted April 18, 1983. These parametric analyses show the 
variation of modulus and damping with seismically induced strain, 
density, and peak ground acceleration.  

All soil-structure-interaction parameters and shear modulus values 
used were reviewed. These values are summarized in Table 2 for each 
structure. Where a single value is used for a specific structure or 

significant element of a structure, like the turbine pedestal, it is 
shown as one value. If, however, the shear modulus values were for 
spring constants for nodal points on a structure or small elements of 
a structure, the maximum/minimum values are presented.



TABLE 2 

SUMMARY OF SHEAR MODULUS VALUES USED FOR SSI PARAMETERS 

Range of Shear Modulus Values (ksf) 

Structure 

Turbine Building 

Pedestal 1189 

Extension footings 298-822 
and walls 

Fuel Storage Building 

Fuel Pool 1244 

480 V room footings 210-992 

Ventilation Building 364 

Control Building 296-1167



10. ACI 318-63 Codes vs ACI 318-71 or 77 Codes Concerning Embedment, Bond 
and Anchorage of Rebar 

The licensee should provide a list of deviations from ACI 318-71, the 
locations where these occur and justification for the acceptability of 
these deviations.  

Response: 

SEP Topic III-7.B, "Design Codes, Design Criteria, and Load 
Combinations" addresses this issue (see References a and b). Franklin 
Research Center Technical evaluation report TER-C5257-3313 discusses and 
evaluates the difference between various versions of the ACI 318 code 
and the ACI 349-76 code.  

The comparisons show that changes in the codes concerning embedment, 
bond and anchorage of rebar are not significant.  

References: 

a. Enclosure to letter W. Paulson to R. Dietch dated 9/21/1982.  
Subject: SEP Topic III-7.B, Design Codes, Design Criteria and Load 
Combinations - San Onofre 1.  

b. Letter R. W. Krieger to D. M. Crutchfield dated 1/26/1983, same 
subject.



11. NSSS Support Anchorages 

"The licensee should clarify whether the support anchorages of the NSSS 
system analysis were affected by IE Bulletin 79-02 requirements and if 
so, indicate the impacts on safety factors previously stated for their 
NSSS analyses results." 

Response: 

IE Bulletin 79-02 outlines requirements for the use of concrete 
expansion anchors for the attachment of pipe supports to concrete 
structures. The piping included in the evaluations of the NSSS consist 
of the primary coolant loop hot and cold legs and the primary coolant 
loop cross-over legs. Since these are relatively short runs of piping 
between NSSS components, there are no pipe supports attached to them.  
Had there been, they would have been included in the response to IE 
Bulletin 79-02. Therefore, the requirements of IE Bulletin 79-02 had no 
impact upon the safety factors previously stated for the NSSS in the 
report San Onofre Nuclear Generating Station Seismic Reevaluation And 
Modification, NRC Docket 58-286, April 1977.



12. Sea Wall 

"The licensee clarified the fact that the December 8, 1981 submittal 
mistakenly characterized the use of 70% Peak Ground Acceleration for the 
static analysis of the above grade portion of the sea wall. The 0.67 g 
peak ground acceleration was used for the analysis." 

Response: 

This statement is correct. The evaluation of the effects of backfill 
materials on the seawall analysis will be provided in Chapter 4 of the 
revised in-situ soil conditions report which will be submitted 
June 10, 1983.



13. Field Erected Tanks and Buried Piping 

"The licensee agreed to provide the soil-structure interaction analysis 
and acceptance criteria being used for their evaluation and design of 
the field erected tanks. Similar information was requested for their 
evaluation of buried conduits and any remaining buried piping." 

Response: 

It is our intention to provide a new auxiliary feedwater tank and a new 
refueling water storage tank as a result of the seismic reevaluation.  
The new tanks will be designed and constructed in accordance with ASME 
Section III, 1977 edition through Summer 1978 addenda. Code Case N-284 
is being used for buckling consideration. Soil structure interaction 
analysis is considered using a lumped parameter model which includes the 
tank shell flexibilities and the fluid interaction effects, with lumped 
soil structure interaction springs. The methodology and procedures for 
this type of analysis are described in BC-TOP-4A. In addition, in the 
design calculations, the tank flexibility is considered using References 
a and b.  

All safety-related buried piping will be replaced as part of the seismic 
reevaluation program.  

References 

a) Veletsos, A. S. and Yang, J. Y., "Dynamics of Fixed-Based 
Liquid-Storage Tank", Proceeding U.S. - Japan Seminar on 
Earthquake Engineering Research with Emphasis on Lifeline Systems, 
Japan Society for Promotion of Earthquake Engineering, Tokyo, 
Japan, Nov. 1976, pp. 317-341.  

b) Housner, G. W. and Haroun, M. A., "Earthquake Response of 
Deformable Liquid Storage Tanks", Pressure Vessels and Piping 
Conference, ASME, San Francisco, California, Aug. 12-15, 1980.



14. Allowable Concrete Strength (fc) 

"In its February 23, 1981 submittal, the licensee had specified the 
allowable concrete strength. However, in the later submittals 
(December 8, 1981 and February 9, 1982), an increase of 25% - 50% in 
allowable strength was used for analysis. Insufficient justification 
for increases has been provided and further justification is necessary." 

Response: 

This response will be provided by June 10, 1983.



15. Concrete Expansion Anchor Bolts and Rock Anchors 

"Concrete expansion anchors are incorporated at the connection of a 
steel beam/concrete wall connection in the Control/Administration 
Building. The licensee indicated that this was the only case where 
expansion anchors were used for structural supports. Other structural 
connections are based on the use of rock bolts. Also, some confusion 
exists regarding the methods used to consider base plate flexibility.  
The licensee must identify the criteria employed for both concrete 
expansion anchors and rock bolts for the attachment of structures, 
piping, equipment, and components along with a justification for the 
adequacy of these criteria. In addition, the criteria employed for the 
consideration of base plate flexibilities in these cases must be 
described and justified." 

Response: 

The criteria used on SONGS 1 for designing concrete expansion bolts/rock 
bolts and base plates for pipe supports is provided in the Plant Design 
Pipe Support Design Manual, Section 4.36.1, and the "Bolts" computer 
program. Both of these methods were implemented as a result of the 
finding of IE 79-02. Both the "Bolts" program and Section 4.36.1 of the 
Pipe Support Design Manual take into account base plate flexibility.  
The resultant of the stress in the concrete due to moment is assumed to 
act at the compression flange of the attached column or beam. Prying 
action is evaluated in both methods and found to be self limiting due to 
the flexibility of the bolt and therefore is considered to be negligible.  

The criteria for evaluation of concrete expansion bolts/rock bolts used 
to anchor mechanical equipment is the same as that used by Plant Design 
for pipe supports.  

The only case where expansion anchors were used in structural 
connections is in the Control/Administration building and its evaluation 
was presented in the August 26, 1982 submittal.  

The criteria employed for concrete expansion anchors of electrical 
equipment and electrical raceway supports were submitted as enclosures 
to letters dated April 12, 1982 and August 17, 1982 respectively from K.  
P. Baskin (SCE) to D. M. Crutchfield (NRC).  

The criteria used for the rock bolts are given in Table 3.



TABLE 3 

ALLOWABLE DESIGN LOADS FOR ROCK BOLT EXPANSION ANCHORS 

Allowable Pretensioning 
Desi n Torque Torque at Tension 

Anchor Loads( 1), (2) (Ft-Lbs) to Installation Test Min. Min.C/C Min. Edge 
Diameter Tension Shear Expand (Ft-Lbs) Threads Load Embedment Spacing Distance 
(Inches) (Kips) (Kips) Shell Not Lubricated (Kips) (Inches) (Inches) (Inches) 

1 25(5) 33(6) (7) 12(8) 200-250 300 30 14 10 6 

1-3/8 50(5) 66(6) 16(7) 24(8) 700-750 1100(3) 60 18 14 8 

2 100(5) 133(6) 33(7) 48(8) 950-1000 4) 3300(3) 120 24 20 10 

(1) For 4000 psi (f'c) or higher concrete 

(2) Subject to reduction per Notes A and B and combined interaction per Note C (see next page) 

(3) Preferred method is to pretension to specified test load using calibrated hollowram hydraulic jack or 
calibrated stud tensioner.  

(4) May be increased to 1500 ft. lbs. if required to prevent slight pullout of bolt which may be experienced 
upon application of 3300 ft-lb torque for pretensioning prior to grouting.  

(5) Manufacturer's recommended design load at 2:1 safety factor.  

(6) These increased allowable loads are applicable only for "Abnormal/Extreme Environmental" (Design Basis 
Earthquake) or faulted loading combinations. They are based on 0.9 times Manufacturer's maximum working 
load to elastic limit.  

(7) Preferred design load based on AISC limits using manufacturer's ultimate strength values.



TABLE 3 (CONTINUED) 

ALLOWABLE DESIGN LOADS FOR ROCK BOLT EXPANSION ANCHORS 

(8) Design loads increased by 1.5 applicable only for "Abnormal/Extreme Environmental (Design 
Basis Earthquake) or Faulted Loading combinations.  

Additional Notes: 

A. A reduction in the minimum center to center spacing and edge distance for anchors is acceptable provided 
that the allowable design loads (tension and shear) are reduced by the same proportion (i.e.: 25 percent 
reduction in spacing - 25 percent reduction in allowable design loads). The reduction in spacing may not 
exceed 50 percent in any case.  

B. A reduction in the minimum embedment for anchors is acceptable provided that the allowable design load 
(tension only) is reduced in proportion to the square of the reduced embedment (i.e: embedment reduced to 
(.80)2 = .64 times allowable load specified). The reduced embedment may not be less than 70 percent of 
the specified minimum embedment.  

C. For evaluation of simultaneous tension and shear loading, the loads shall be combined by the following 
interaction formulas: 

t)2 )2 1.0 for rock bolt expansion 
anchors 

Where: 

(t, s) = Actual design (tension, shear) loads, respectively 

(T, S) = Specified allowable (tension, shear) loads, respectively



16. Justification of Nonlinear Damping (CNL). Stress Intensification 
Factors for Elbow Connections, and the Elliptical Interaction Formula 
for Concrete Expansion Anchors 

"The licensee agreed to provide justification for these items as 
described in Reference 1. For the nonlinear damping coefficients 
(CNL), the licensee must provide justification that the values used 
are adequate for the impact geometry and velocity conditions for the 
SONGS-1 RCL seismic stops." 

Response: 

Stress Intensification Factors 

The information on stress intensification factors for elbow connections 
is provided in response #20, "Trunions".  

Elliptical Interaction Formula 

The documentation supporting the elliptical interaction formula was 
transmitted as an enclosure to the letter from K. P. Baskin to D. M.  
Crutchfield dated August 26, 1982, "FFTF Report, Drilled-in Expansion 
Bolts Under Static and Alternating Load". The testing results presented 
in the report showed that, the capacity of the expansion anchor bolts 
under combined shear and tension loads were at about the same capacity 
as pure tension or pure shear tests. Since the combined tests were 
performed at 45 degree load application, this implies a vectorial 
combination of tension and shear components which results in a circular 
interaction equation. When the allowable shear and tension values are 
computed with safety factors of four, and are included individually into 
the vectorial combination, the circular interaction equation is 
transformed into the elliptical form.  

The use of a circular or elliptical interaction equation for shear and 
tension loads is also substantiated by testing results given in Hilti 
Architects and Engineers Anchor and Fastener Design Manual and Testing 
Report submitted to NRC by Teledyne Engineering Services in response to 
IE-Bulletin 79-02 (Teledyne Engineering Services, Technical Report 
TR-3501-1, "General Response to USNRC IE Bulletin 79-02, 
Baseplate/Concrete Expansion Anchor Bolts", August 1979.). Both 
documents show that the actual interaction behavior of expansion anchor 
bolts is elliptical in nature.  

Justification For Nonlinear Damping 

In the time history analyses performed, viscous damping is used to 
represent the localized energy loss due to impact. It is known that the 
exact energy loss formulation can have a complex mathematical 
expression. However, the viscous damping formulation provides an 
accepted, valid and convenient means (Ref. 1 page 70) of expressing 

mathematically the energy loss that can be used with the finite element S models.



The viscous force (Fd) representing the energy loss is assumed in this 
formulation to be proportional to the velocity: 

Fd= -cv 

where c = coefficient of viscous damping 

v = relative velocity of impacting mass 

The elements on the diagonal of the matrix (Cn) used in the finite 
element code are equal to the coefficients of viscous damping.  

If the impact stiffness is K between the two masses, and the period 
associated with impact is T, the following parameters are defined 

2w 
T 

K 
c 6 

C = 2-

= Cf 

Cc 

= damping coefficient 

Cef = equivalent viscous damping 

The damping coefficient is set in the analyses equal to a conservative 
lower bound value representative of the energy loss due to impact.  

Frequently energy losses are represented by the coefficient of 
restitution (e) a measure of the impact damping. The equation relating 
the two quantities is given below: 

1 ln1 

It is known from tests and experience (Ref. 2 and 3) that impact losses 
depend on many parameters, geometry and velocity being some of them.  
During impact, local plastic deformation and all types of waves are 
originated with magnitudes depending on the geometry and the relative 
velocity of the impacting masses. An exact measure of this effect is 
practically impossible to provide, thus a reasonable conservative 

approach must be used to perform the analysis with the understanding 
that we are dealing with a parameter that has a relative small 
contribution to the overall response of the system.



Reference 2 gives representative values for coefficients of restitution 
for different materials. For steel on steel the range of coefficient of 
restitution is 0.5 to 0.8. This is equivalent to a range of impact 
damping from 7.2 to 22 percent of critical damping. These values from 
Reference 2 cover a general usage which is given as typical without 
restrictions related to geometry and velocity. In reference 3 a 
coefficient of restitution less than 0.7 (corresponding to 11.3% 
critical damping) is given for an impact velocity of 5 inches per second 
and lengths for the traveling waves greater than 40 inches.  

The type of impacts that are experienced in the San Onofre Unit 1 
reactor coolant loop support system are normal, perpendicular, to the 
restraint. The resisting force from the support is in the direction 
along the axis of the velocity vector. There is no oblique impact 
affecting a localized area. The San Onofre Unit 1 RCL impacts will have 
equivalent lengths greater than 40 inches. Further the impact 
velocities will be greater than 5 inches per second for San Onofre Unit 
1 RCL impacts yielding lower coefficients of restitution. For example, 
the impact velocity associated with the steam generator and its seismic 
stops is from 10 to 15 inches/second. Therefore, the equivalent viscous 
damping associated with the impact energy loss will be greater than 11 
percent critical damping.  

A significant energy loss that should not be ignored in the San Onofre 
Unit 1 reactor coolant loop (RCL) is the strain energy trapped as 
traveling waves within the impacting bodies. This is discussed in 
Reference 3. Furthermore, in the local area of impact, stresses may be 
high for a short duration during the impact. For high stress levels, at 
or just below yield, Newmark and Hall (Reference 4), provide recommended 
damping values of 10 percent and 15 percent for reinforced concrete and 
bolted or riveted steel structures respectively. In Reference 5, 
damping values in excess of 10 percent are reported for concrete 
structures. It is not unreasonable to consider these values when 
selecting an impact damping value.  

In conclusion, the 8 percent impact damping value used in the San Onofre 
Unit 1 reactor coolant loop seismic analyses is lower than the impact 
damping reported in the literature and can be used in the viscous 
damping formulation to yield a conservative representation of the energy 
loss.
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17. "WECAN" Computer Code Verification - WCAP-8281 (1974) vs. WCAP-8929 
(1977) 

"WCAP-8281 (1974) was initially used and referenced in the licensee's 
April 29, 1977 seismic reevaluation report for the verification of the 
WECAN code. The licensee later revised the reference by using WCAP-8929 
(1977), which is currently under review by the NRC Mechanical 
Engineering Branch. The licensee is requested to verify their statement 
that the difference in the content of these two reports is not material 
in the areas affecting the SONGS-1 analyses and would not affect the 
original SONGS-1 calculations." 

Response: 

WCAP 8929 (1977) is essentially an expanded version of WCAP 8281 
(1974). WCAP 8929 (1977), which contains two additional verification 
problems, was prepared for submittal to, and review and approval by, 
NRC. In any case, the difference in the content of these two reports is 
not relevant in the areas affecting the SONGS-1 analyses and would not 
affect the original SONGS-1 calculations.



18. Multiple Support Input Excitation for Piping Analysis 

"During the review meeting the staff discovered that the Multiple 
Support Input Excitation method was used for some piping analyses. The 
licensee is requested to identify which systems were analyzed using the 
method. Describe how the method was applied, and justify the adequacy 
of the technique." 

Response: 

The use of the Multiple Response Spectrum (MRS) method is evaluated on a 
case-by-case basis. The MRS method of analysis is used instead of the 
enveloped response spectrum method when one or more input spectra have 
acceleration values well above the values of the spectra which are 
applicable to a specific pipe stress problem and are actually input to 
only a limited number of support locations.  

A list of systems where the MRS method has been employed in the dynamic 
analysis of one or more pipe stress problems within the system is as 
follows: Feedwater, Miscellaneous Water, Safety Injection, Radioactive 
Waste, Condensate, Reactor Coolant, CVCS, Auxiliary Coolant, Pressurizer 
Relief, Pressurizer Spray, RHR , and Sample Systems.  

Both the "WESTDYN" and "ME101" computer programs include the MRS method 
as an option for dynamic analyses.  

Bechtel Analyses 

In the multiple support response spectrum technique employed by Bechtel 
using the "ME101" programpall support response spectra which are 
in-phase (applicable to a specific support, or group of supports) are 
considered in a level.  

In ME101 the sequence and combination for the MRS method is the absolute 
summation of levels followed by modal summation for each direction, then 
the combination of directions. For SONGS 1 the modal and directional 
summation were done in accordance with Equation 4 of USNRC Regulatory 
Guide 1.92 and yield conservative realistic results.  

The ME101 program's methodology for the MRS method utilizes standard 
computational techniques such as given in text books on structural 
dynamics like "Dynamics of Structures" by W. Clough and Joseph Penzien.  

The MRS option in ME101 has been verified against hand calculations and 
other computer codes with an MRS option.  

The use of the multiple response spectrum method to evaluate stress 
problems is not only technically justified, but more closely models the 
piping system's input excitation to the actual physical input.  

Westinghouse Analyses 

In the multiple support response spectrum technique employed by 
Westinghouse using the "WESTDYN" program all support response spectra 
which are in-phase are considered in a group. The support participation



factors in the same group are summed algebraically, as in the case of an 
envelope response spectrum approach. Between groups, the support 
participation factors are summed by the square-root-sum-of-the-squares 
method.  

Support response spectra are considered to be in-phase when the spectra 
are from the same support structure at the close-by elevations where the 
response spectral shapes are similar. All other spectra which do not 
have a similar shape are considered in different groups.  

The Westinghouse multiple support response spectra technique has been 
shown in References (1) and (2) to yield conservative and realistic 
results.  

This technique was specifically applied to the analysis of SCE piping 
systems where the reactor coolant loop and the auxiliary system models 
are coupled in the analysis. The coupling of the two models, in these 
cases, is believed to be an appropriate method to consider the effects 
of dynamic amplification of the loop on the auxiliary branch lines. The 
use of the multiple response spectrum method in these coupled models is 
not only technically justified, but will also generate reasonable piping 
stresses and support loads without overpenalizing the design and/or 
modification of piping and support systems of the plant.  
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19. Structural Displacements 

"The licensee was requested to provide displacement profiles for the 
Reactor Building/Containment and BOP structures to aid the staff in its 
evaluations related to Item 3 of this Enclosure.  

Response: 

See Appendix A, "Seismic Displacements of Structures". Displacements 
are provided for the Containment Sphere, Reactor Building, Control 
Building, Ventilation Equipment Building, Fuel Storage Building and the 
Turbine Building extensions. The seismic displacements of the Intake 
Structure and Reactor Building relative to the ground are zero since 
they are fully embedded.



20. Trunions 

"The licensee indicated that all trunions were being removed where the 
trunion was less than 1/2 the diameter of the supported pipe. Those 
remaining trunions were analyzed assuming stress intensification factors 
based on "stubins" with the elbow analyzed as a 900 bend." 

Response: 

All lugs (rectangular attachments) regardless of size and trunions 
(hollow circular attachments) with diameters less than half the 
supported pipe diameter have been removed from the elbows of piping in 
the scope of the seismic reevaluation program.  

The remaining trunion configurations were modeled in the piping stress 
analysis. The elbows were modeled as square corners (i.e., no 
flexibility) with the trunion connection to the elbow modeled as an 
unreinforced branch connection and the stress intensification factor 
(SIF) for the unreinforced branch connection was applied to the 
trunion/elbow interface point. The size, length, and the structural 
attachment point of the trunion were modeled to reflect the "as-built" 
conditions.  

The welding of a trunion to an elbow will decrease the elbow's 
flexibility, but does not eliminate it altogether. For the analysis of 
this condition the elbow was conservatively treated as a rigid joint.  
Thus resulting in conservatively predicted stresses in the elbow, since 
no credit was taken for the elbow's flexibility. The SIF used 
represents a conservative approximation of the SIF value appropriate for 
the evaluation of this configuation. This configuration differs from 
one in which a process connection is made to an elbow. In this case the 
SIF would be the product of the SIF for the branch and the elbow.  
However, since no material has been removed (i.e. no hole in the heel of 
the elbow) and since the trunions are attached by fillet welds to the 
elbow the use of an SIF derived from the product of the elbow and branch 
SIF is not considered appropriate.  

However, as a result of the May 2-4, 1983 MRC meeting, the following SIF 
will be used to evaluate a elbow/trunion interface point: 

SIF(Trunion/Elbow) = 1/2 [SIF(Branch) + (SIF(Branch) X SIF(Elbow))] 

The SIF used for the trunion/elbow interface (defined above) is 
approximately 2.5 to 4.0 times the SIF of an elbow without a trunion 
attached to it. There are 12 safety related piping locations within the 
Seismic Reevaluation Scope that elbow/trunion configurations were 
evaluated using the SIF defined above. This evaluation resulted in the 
removal of one trunion. One trunion within the Westinghouse scope is 
still under evaluation. The 10 remaining configurations had acceptable 
intensified stresses when evaluated to the higher SIF defined above.



APPENDIX A 

SEISMIC DISPLACEMENTS OF STRUCTURES



TABLE A-1 

CONTAINMENT SPHERE AND REACTOR BUILDING 

LOCATION ELEV. N-S E-W VERT.  

C. G. of Foundation O'-4" 0.002 0.002 0.401 

Primary Shield Wall 10'-10" 0.132 0.142 0.396 

Refueling Canal Wall 30'-0" 0.414 0.442 0.602 

Operating Deck/Shield Wall 42'-0" 0.469 0.512 0.589 

Top of Steam Gen.-lA 64'-6" 0.735 0.786 0.519 

Top of Steam Gen.-lB 66'-6" 0.764 0.810 0.628 

Top of Steam Gen.-lC 64'-6" 0.738 0.793 0.525 

Feedwater Line Penetration. 31'-0" 0.368 0.388 0.402 

Steel Sphere at Equip. Hatch 47'-0" 0.582 0.613 0.403 

Top of Sphere 120'-0" 1.369 1.440 0.404 

Note 1: All displacements are relative to ground and in inches.  

Note 2: Displacements of locations within the containment sphere and 
reactor building relative to each other are less than the absolute 
summation of the displacements of the individual locations shown 
in the table. This is due to the fact that the fundamental mode 
represents about 95% of the response and it is dominated by rigid 
body motion of the structure, that is the displacements are mostly 
due to soil structure interaction deformations not structural 
deformation.



TABLE A-2 

CONTROL BUILDING 

LOCATION ELEV. N-S E-W VERT.  

2nd Floor 30'-1 1/2" 0.307 0.306 0.541 
32'-0" 

Admin. Building Roof 35'-6" 0.356 0.441 0.702 

Control Room 3rd Floor 42'-O" 0.415 0.425 0.669 

TMI Technical Room Roof 45'-8" 0.388 0.167 0.362 

Control Building Roof 54'-9" 0.556 0.476 0.593 
56'- 7" 

VENTILATION EQUIPMENT BUILDING 

LOCATION ELEV. N-S E-W VERT.  

ROOF 39'-10" - 0.111 0.294 

Note 1: All displacements are relative to ground and in inches.  

Note 2: North South seismic analysis was not performed (See the August 26, 
1982 submittal). There are no safety related piping attached to 
this building.



TABLE A-3 

FUEL STORAGE BUILDING 

ELEV. N-S VERT. E-W 

-22-9" .13 .28 .13 
31'-O" .81 .28 .28 

36'-4" .92 .28 .31 
41'-8" 1.02 .28 .33 

Note 1: All displacements are relative to the ground and in inches.  

S



TABLE A-4 

TURBINE BUILDING EAST EXTENSION 

NODE # ELEV. N-S VERT. E-W 

325 33'-9" .28 .19 .34 
329 33'-9" .33 .05 .35 
332 33'-9" .38 .67 .35 

355 33'-9" .27 .16 .35 
361 33'-9" .33 .20 .35 
364 33'-9" .38 .63 .36 

401 33'-9" .27 .15 .40 
404 33'-9" .32 .22 .40 
408 33'-9" .38 .27 .40 

446 33'-9" .28 .18 .47 
449 33'-9" .32 .22 .47 
453 33'-9" .37 .27 .47 

Note 1: All displacements are relative to the ground and in inches.



TABLE A-5 

TURBINE BUILDING WEST EXTENSION 

NODE & ELEV. N-S VERT. E-W 

3 33'-9" .24 .45 .58 
7 33'-9" .34 .14 .62 

10 33'-9" .43 .10 .62 

55 33'-9" .23 .08 .44 
61 33'-9" .34 .05 .44 
64 33'-9" .44 .62 .44 

101 33'-9" .23 .09 .29 
104 33'-9" .33 .19 .29 
108 33'-9" .44 .21 .29 

146 33'-9" .24 .10 .23 
149 33'-9" .33 .11 .26 
153 33'-9" .44 .18 .27 

Note 1: All displacements are relative to the ground and in inches.



TABLE A-6 

TURBINE BUILDING NORTH EXTENSION 

553 

NODE # ELEV. N-S VERT. E-W 

552 29'-6" .48 .25 .35 
553 40'-6" .76 .28 .57 
557 40'-6" .73 .10 .57 

561 29'-6" .53 .09 .35 
583 29'-6" .59 .28 .29 
586 40'-6" .68 .21 .43 

592 29'-6" .44 .23 .29 
610 40'-6" .78 .63 .74 
614 40'-6" .73 .62 74 

Note 1: All displacements are relative to the ground and in inches.



TABLE A-7 

TURBINE BUILDING SOUTH EXTENSION 

7 C 72. 75 

NODE & ELEV. N-S VERT. E-W 

703 .40'-0" .32 .62 
.35 

706 40'-0" .33 .49 
.35 

709 40'-0" .34 .55 
.35 

726 40*-0" .32 .28 
.34 

729 40*-0" .33 .06 
.34 

732 40'-0" .34 .27 
.34 

753 40'-0" .32 .06 
.32 

756 40'-0" .33 .13 
.32 

33 759 40'-0" .34 .16 

Note 1: All displacements are relative to the ground and in inches.



TABLE A-8 

TURBINE PEDESTAL 

N4 

I 6 Ic- g 

MODE & ELEV. N-S VERT. E-W 

948 38'-0" 0.63 0.52 0.90 
951 38'-0" 0.62 0.55 0.89 
954 38'-0" 0.62 0.55 0.89 
958 38'-0" 0.62 0.53 0.89 
963 38'-0" 0.62 0.54 0.89 
968 38'-0" 0.62 0.49 0.89 
973 38'-0" 0.62 0.53 0.89 
978 38'-6" 0.62 0.48 0.92 
983 38'-6" 0.62 0.52 0.92 
987 38'-6" 0.62 0.48 0.93 

Note 1: All displacements are relative to the ground and in inches.
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11 
1.0 INTRODUCTION AND 

PROGRAM DESCRIPTION 

1.1 INTRODUCTION 

This document describes the Seismic Reevaluation Program for the San Onofre 
Nuclear Generating Station, Unit 1, Balance of Plant Mechanical Equipment 
and Piping (BOPMEP) which is being conducted as part of the Systematic 
Evaluation Program (Reference 1). This report presents the methodology 
and acceptance criteria to be employed in the BOPMEP Seismic Reevaluation 
Program.  

1.2 PROGRAM DESCRIPTION 

The scope of the BOPMEP Seismic Reevaluation Program will consist of: 

A. The remainder of the Reactor Coolant Pressure Boundary (RCPB) 
not previously reevaluated; 

B. The piping, equipment and field erected tanks necessary to bring 
the plant to a safe cold shutdown condition (less than 200'F).  
This includes boration of the Reactor Coolant System (RCS), 
heat removal, depressurization of the RCS and miscellaneous 
supporting functions; 

C. Piping and equipment required to mitigate a loss of coolant or 
secondary line break, including emergency core cooling, contain
ment spray and containment isolation systems.  

1.2.2 Systems 

The plant systems to be reevaluated in the BOPMEP Seismic Reevaluation 
Program are discussed in the following subsections. These subsections 
include discussions of system boundaries.  

1.2.2.1 Reactor Coolant Pressure Boundary 

The RCPB includes piping and valves which are connected to the 
RCS, up to and including: 

(a) The outermost containment isolation valves in piping which 
penetrates the containment sphere.  

(b) The RCS safety and relief valves.  

(c) Piping, fittings, and valves leading to connecting systems 
up to and including the first normally closed valve (from 
the high pressure side) or the first normally open valve 
capable of automatic or remote manual closure.  

In addition, systems or portions of systems required to maintain 
the integrity of the reactor coolant pump seals are included; 
e.g., charging to the seals and component cooling to the thermal 
barrier.  

1



1.2.2.2 Safe Shutdown Systems 

Systems listed below which are required to bring the plant to a 
safe cold shutdown will be reevaluated.  

System boundaries will include all connected piping up to and 
including the first valve that is normally closed or capable of 
automatic or remote manual closure when the safe shutdown is 
required.  

A. Boration and Depressurization Function 

(a) Portions of the Chemical and Volume Control System 
(CVCS) that supply borated water to the RCS via the 
normal charging lines and the auxiliary spray line to the 
pressurizer. Borated water may be supplied from the 
spent fuel pool in lieu of the RWST.  

(b) Portions of the Miscellaneous Water System which 
ensure pressure boundary integrity of the CVCS.  

B. Heat Removal Function 

(a) Portions of the Main Steam System required to remove 
decay heat from the RCS by venting steam to the atmo
spheric steam dump valves in the main steam relief 
header.  

(b) Portions of the Condensate and Feedwater System and 
Auxiliary Feedwater System required to provide makeup 
to the steam generators.  

(c) Portions of the Auxiliary Coolant System required to 
remove decay heat in going from hot shutdown to cold 
shutdown including Residual Heat Removal System piping 
and equipment.  

In addition, all portions of the Auxiliary Coolant 
System required to support safe shutdown equipment 
cooling requirements and maintain pressure boundary will 
be reevaluated. Piping and equipment connected to the 
spent fuel pool will be reevaluated only to ensure 
integrity of the fuel pool.  

(d) The Salt Water Cooling System from the intake structure 
to the component cooling water heat exchangers.  

0 
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C. Miscellaneous Support Systems 

To support the functions noted above, instrument air and ser
vice water will be reevaluated insofar as they support the 
capability to achieve and maintain a safe cold shutdown.  
Alternatively, backup nitrogen may be supplied to safety 
related valves.  

1.2.2.3 Accident Mitigation Systems 

The following accident mitigation systems will be reevaluated.  
System boundaries will include all connected piping up to and 
including the first valve that is normally closed or capable of 
automatic or remote manual closure following an accident.  

A. Safety injection and recirculation piping valves and pumps.  

B. Hydrazine addition piping valves, tank and pumps.  

C. Containment spray piping, valves and pumps.  

D. Containment isolation piping and valves including the con
tainment purge and vent valves.  
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2.0 BOPMEP APPROACH 

The BOPMEP Seismic Reevaluation Program will utilize the Design Basis 
Earthquake (DBE) described in Subsection 3.7.1 and Figure 3.7-1 of the 
document entitled "Balance of Plant Structures (BOPS) Seismic Reevaluation 
Criteria" which was transmitted to the NRC by Reference 2. The design 
response spectra for horizontal ground motion correspond to the Housner 
spectra, as described in Section 9.2 of the San Onofre Unit 1 Final Safety 
Analysis (FSA), normalized to 0.67g. The design response spectra for ver
tical ground motion are normalized to 2/3 of the horizontal spectra.  

Floor response spectra to be employed in this program will be based on the 
ground motion discussed above and will be developed where required, in accordance 
with the provisions of Section 3.7.2.5 of the BOPS Seismic Reevaluation 
Criteria document.  

This reevaluation will consider the occurrence of a DBE in combination 
with normal plant operating loads. Design pressure and temperature ratings 
are utilized in the analysis. Mechanical equipment, piping and tanks 
will be reevaluated with respect to their ability to withstand the effects 
of a DBE.  

Compliance with stress criteria based upon ASME code requirements along 
with consideration of original design codes and quality requirements (as 
identified in Subsections 3.0 and 4.0) represents adequate and conservative 
reevaluation without requiring further analysis. If however, the computed 
stress results do not comply with the stress criteria, more realistic 
stress criteria based upon further consideration of original design codes, 
original quality requirements, and failure probabilities and consequences, 
may be utilized. Justification will be provided on a case-by-case basis for 
these situations.



3.0 METHODOLOGY 

3.1 PIPING AND MECHANICAL EQUIPMENT 

The seismic reevaluation methodology will reflect current technology to predict 
plant response. Equipment and piping will be reevaluated for structural integ
rity using one of the following methods in conjunction with the stress criteria 
of Section 4.0.  

(a) Lumped mass finite element models using the envelope of the 
appropriate amplified floor response spectra or multiple response 
spectrum techniques will be used as input to a dynamic response 
spectrum analysis. The combination of modal responses and the 
grouping of closely spaced modes will be in accordance with 
Regulatory Guide 1.92 (Reference 7). Westinghouse analyzed 
lines (e.g. reactor coolant pressure boundary, main feedwater 
inside containment, and main steam inside containment) will 
use the method given in Subsection 3.7.3.4 of RESSAR 41 
(Reference 17).  

(b) The methodology for analysis of safety related (SR) piping 
which interfaces with non-safety related (NSR) piping will be 
as follows: 

1) For piping 2" NPS and smaller an anchor designed to the 
collapse moment of the piping will be utilized to form the 

SR/NSR boundary. The portion of NSR piping from the 
boundary anchor to the SR piping will be seismically analyzed 
and supported with the SR piping.  

2) For analyses where the NSR portion of piping is minimal 
and terminates at an equipment nozzle, the NSR portion up 
to the equipment will be seismically analyzed and supported 
with the SR piping. The resulting nozzle loads on the 
NSR equipment will be evaluated to assure that the equip
ment nozzle can perform the required pipe support function.  

3) For NSR piping which does not terminate at a collapse 
moment anchor or an equipment nozzle, an overlapping tech
nique will be employed based on the plant specific configura
tion. The portion of NSR piping included with the SR piping 
shall be of sufficient length as to preclude any detrimental 
stress effects on the SR piping. Supports in the SR/NSR 
overlap area shall be designed to withstand the load gener
ated by the peak acceleration values of the appropriate 
response spectrum curves.  

(c) For heat exchangers, filters and tanks, the resonant frequency 
in each axis of the component is determined. For those cases 
in which only one predominant frequency mode is below the rigid 
range (less than 33 hz), the acceleration "g" value for the 
predominant frequency is taken from applicable building response 
spectra in each direction and applied to one hundred percent 
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of the component mass at the center of gravity. Where more than 
one predominant mode is below 33 hz the acceleration is deter
mined in accordance with Reg. Guide 1.92. The equipment is then 
analyzed statically.  

For pumps, the resonant frequency is not calculated due to the 
complexity of modeling the pump. Instead a simplified static 
analysis is made using a "g" value 1.5 times the peak accelera
tion taken from the applicable building response spectra and 
applied to the mass of the pump at its center of gravity. For 
some pumps, field testing may be performed to determine the 
pump resonant frequencies as input to a more detailed static 
analysis.  

(d) The seismic load will be applied in 3 orthogonal directions 
independently and the colinear responses will be combined by the 
Square-Root-of-the-Sum-of-the-Squares (SRSS) method in accordance 
with NRC Regulatory Guide 1.92.  

(e) A similarity approach may be used where a component or piping 
system is reevaluated on the basis of its similarity to other 
qualified or reevaluated piping systems or components. For 
example, for pipe runs considered identical, one line will be 
chosen for detailed analysis and the other lines will be 
reevaluated by comparison to the line analyzed in detail.  

(f) Piping or equipment may be excluded from the seismic reevaluation 
scope by the addition of isolation valves, alternative equipment 
or safety analysis.  

(g) Simplified dynamic analysis techniques may be used for reevaluation 
of safety related instrument tubing and small ((2") piping.  
This analysis will be in accordance with Reference 20 or 21.  

The selection of the appropriate method to be employed in any given 
instance will depend on a number of factors, such as, the support 
configuration, the uniqueness of the line or equipment configuration, 
and the line or equipment size.  

The majority of the piping systems will be reevaluated using dynamic 
analysis with response spectra input. The following principal compu
ter codes will be used in dynamic and static analyses to determine 
loads, stresses and deformations of mechanical equipment, piping, and 
pipe supports. These programs are described and verified in References 3 
through 5, 16, and 22 through 24.  

A. ADLPIPE - static and dynamic pipe design and stress analysis 

B. ME101 - linear elastic analysis of piping systems 

C. SAP4 - structural analysis program for static and dynamic 
response of linear systems 
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D. CE800-"BSAP" - structural analysis program for static and 
dynamic response of linear systems 

E. CE212-"BSAP-PRE" - structural analysis program 

F. HP9845B - general frame analysis program 

G. WESTDYN - general frame analysis program for piping 

H. WECAN - all purpose finite element structural analysis program 

The percentage of the critical damping value to be used in the analysis 

of piping and equipment is given in Table 1.  

3.2 FIELD ERECTED TANKS 

The field erected tanks will be designed and constructed in accordance with 
ASME Section III, 1977 edition through Summer 1978 addenda. Code Case N-284 
is being used for buckling consideration. Soil structure interaction 
analysis will be performed using a lumped parameter model which includes the 
tank shell flexibilities and the fluid interaction effects, with lumped soil 
structure interaction springs. The methodology and procedures for this 
type of analysis are described in BC-TOP-4A. In addition, in the design 
calculations, the tank flexibilities will be considered using References 25 
and 26.  

S 
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4.0 REEVALUATION ACCEPTANCE CRITERIA 

4.1 PIPING AND MECHANICAL EQUIPMENT 

The analysis and reevaluation of piping will consider the faulted condition 
as defined in the ASME Section III Code. Reference to the ASME Section III 
Code herein refers to the ASME Boiler and Pressure Vessel Code, Section III, 
1980 edition, through 1981 Summer addenda (Reference 10).  

The original design code for most of the piping is Power Piping Code 
ASA B31.1, 1955. The basic material allowable stresses are comparable 
between ASA B31.1 and ASME Section III Code. The design, fabrication, and 
installation practices employed during the original design and construction 
of the plant are essentially the same as those used today for safety related 
systems. These practices pertain to welding procedures, non-destructive 
examination, methods of fabrication, material mechanical properties, pipe 
wall thickness and other basic engineering and construction techniques.  
For these reasons, the rules of ASME Section III Code, as modified herein, 
have been selected as the guideline acceptance criteria for the RCPB, 
safe shutdown, and accident mitigation piping systems.  

For the BOPHEP Seismic Reevaluation Program the stress limits presented in 
Table 2A and Table 2B will be used for piping stress evaluation. The stress 
limits stated in Table 2A are for plant faulted condition and are from 
Reference 10 and Reference 13. The stress limits stated in Table 2B are 
based on the Markl S-N curve and are taken from Reference 18 and Reference 19.  

The reevaluation of mechanical equipment (e.g, pressure vessels, heat 
exchangers, pumps and valves) will be based on the consideration of primary 
stresses in accordance with the limits for emergency conditions for active 
components and faulted condition for inactive components, as contained in the 
ASME Section III Code. Table 3 provides the load combinations and stress limits 
which will be used for mechanical equipment.  

The load combination and stress limits which will be used for the reevaluation 
of supports for piping and mechanical equipment are provided in Table 4. As 
described in note 5 of Table 4, the AISC "Specification for the Design, Fabri
cation and Erection of Structural Steel For Buildings" (Reference 11) will be 
used as the basis for allowable stresses for linear supports of mechanical 
equipment and piping. Subsection NF of Section III of the ASME Code may be 
used as an option to evaluate linear supports. Otherwise, manufacturer's 
load limit information and the ASME Code Section III provisions will 
provide the basis for the reevaluation acceptance criteria for piping 
component supports and plate and shell type supports, respectively. The 
anchorage criteria are provided in Table 6 for concrete expansion anchor 
bolts and concrete embedded anchors.  

4.2 FIELD ERECTED TANKS 

The load combinations and stress limits which will be used for the design 
of new tanks or of modifications of existing field erected tanks are 

provided in Table 5.  
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The shell stress limits specified comply with ASME Section III Subsection ND.  
The anchorage criteria are provided in Table 6 for concrete embedded 
anchors. The American Concrete Institute, ACI 318-77, Building Code 
Requirements for Reinforced Concrete (Reference 14) will be used for the 
evaluation of concrete foundations.  

S 
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Table 1 

DBE DAMPING VALUES USED FOR BOPMEP SEISMIC REEVALUATION PROGRAM1) 

DBE Damping(2) 
Item (Percent of Critical) 

Mechanical Equipment and Large piping 3 
(greater than or equal to 12 inches) 

Small piping (less than 12 inches) 2 

Reactor Coolant Loop 4(3) 

Welded Steel structures 4 

Bolted and/or riveted steel structures 7 

Notes: 

1. Based on Reference 6.  

2. On a case-by-case basis, the use of composite (dual) damping 
may be used where applicable.  

3. Based on Damping Values of Nuclear Plant Components", 
Westinghouse Electric Corp., WCAP-7921-AR, May 1974.  
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Table 2A 

LOADING COMBINATIONS AND STRESS CRITERIA FOR 
SEISMIC REEVALUATION OF PIPING 

Condition Loading Combinations Stress Limits(1) 

Faulted Class 1 Piping Class 1 Class 2 
Rules Rules 

PD + DW + EQ 

3.0 S 1.8 S 
m h 

Class 2 & 3 Piping 

Faulted PD + DW + EQ 2.4 Sh 

Legend: PD - Design Pressure 

DW - Dead Weight 

EQ - Absolute sum of DBE(SI) and DBE(SAM) 

DBE(SI) - Design Basis Earthquake, Seismic Inertia 

DBE(SAM) - Design B s Earthquake, Seismic Anchor 
Movement 

Sh - Basic material allowable stress at design 
temperature, (Refer to Table 1-7.1 or 7.2 of 
ASME Section III Code) 

S - Allowable stress intensity at temperature m 

(1) DBE Seismic Anchor Movement pipe stresses will be included 
in Equation 9 if omitted from Equation 10 or 11. The allowable 
stress for Equation 9 will be limited to 2.4 S for Class 2/3 
piping and 1.8 S for Class 1 piping analyzed to Class 2/3 rules.  
If the limits ofhEquation 9 are exceeded due to the inclusion of 
DBE (SAM) stresses an Augmented Class 2/3 evaluation will be per
formed in accordance with Table 2B.  

(2) Resultant DBE (SAM) stresses and loads will be based on the SRSS of 
the displacement of adjacent independent structures.  
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Table 2B 

LOADING COMBINATIONS AND STRESS CRITERIA FOR SEISMIC REEVALUATION 
OF PIPING USING THE AUGMENTED CLASS 2/3 METHOD 

Intensified Stress Range Limit (4) 

SWT + SLP + STH + SDBE + SDBE 100 KSI 

SI SAM 

SWT + SLP + 2 (SDBE + SDBE) 100 KSI 

SI SAM 

where: 

S = Weight Stress 

S = Longitudinal Pressure Stress 

S = Thermal Stress Range 

SDBE = DBE Seismic Inertia Stress, 1/2 Stress Range 

SI (modified to include full i) 

SDBE = DBE Seismic Anchor Movement Stress, 

SAM 1/2 Stress Range (using full i) 

Notes: 

1. Notwithstanding the use of the Augmented Class 2/3 method; 
thermal stresses will meet the requirements of Equation 10 
or 11 and seismic inertia stresses will meet the requirements 

of Equation 9.  

2. Limiting the intensified stress range to 100 ksi precludes 

the necessity to calculate usage factors since it provides 

for 100 maximum stress cycles of 100 ksi and the actual 

number of maximum stress cycles due to a seismic event is 

10 per event (per SRP 3.7-3).  

3. Equation 9 with the inclusion of DBE (SAM) stresses will 
automatically satisfy the requirement of the Augmented 

Class 2/3 method even with the maximum intensified stress 

range limited to 100 ksi.  

4. See References 18 and 19.  
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LOADING COMBINATIONS AND STRESS CRITERIA FOR MECHANICAL EQUIPMENT (Sheet 1 of 3) 

Component Loading Combination(2) Stress Limit for Faulted Condition (4 

Class 2 & 3 Class 1 

Pressure vessels and Deadweight + Pressure 0 < 2.0S Not 

heat-exchangers mApplicable 
+ DBE + Nozzle Loads (G or a ) + cYb < 2 .4S 

(1)(6)(7) Deadweight + Pressure a < 1.5S Not 
Active pps m Applicable 

+ DBE + Nozzle Loads (y or Ua) + (G < 1.8S 

Inactive pumps(6 ) Deadweight + Pressure a < 2.OS Not 

I mApplicable 
+ DBE + Nozzle Loads (am or aY) + o < 2.4S 

Active valves Deadweight + Pressure a < 1.5S P < Greater 

+ DBE + Nozzle Loads (y or a ) + ( < 1.8S of 1.2 S 

(a or ot) + b < 1.8S or S 

Inactive valves(3) Deadweight + Pressure a < 2.0S Pm < Lesser 

+ DBE + Nozzle Loads (am or a) + ab < 2.4s of 2.4 S 

(am or at) + ob 2 .4S or 0.7 SU 

Bolts Deadweight + Pressure Tensile Stress < S Tensile 
Stress < S 

+ DBE + Nozzle Loads Shear Stress ( 0.6S Shear 
- Stress < 0.6S 

- y
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Table 3 

LOADING COMBINATIONS AND STRESS CRITERIA FOR MECHANICAL EQUIPMENT (Sheet 2 of 3) 

NOTES 

1. Active pumps and valves are defined as those that must perform a mechanical motion during the 
course of accomplishing a system safety function.  

2. Nozzle loads shall include piping loads transmitted to the component during the DBE. The piping 
loads shall include thermal and seismic anchor movement effects for evaluation of the nozzle 
reinforcement zone of the nozzle and shall exclude thermal and seismic anchor movement effects 
for evaluation of the shell of the nozzle attachment and the nozzle 
ends.  

3. Valves are evaluated in accordance with NC-3251 of the Code. Valves were bought to ASA B16.5 
standards (Reference 12). Minimum specified wall thicknesses from B16.5 are used for evaluation 
of the valves under the provisions of NC-3521(a) (1) and (2) of the Code. Valve extended 
structures are evaluated by equivalent static analysis in accordance with NC-3521(c) of the 
Code.  

4. a = General membrane stress. The stress is equal to the average stress across the solid 
section under consideration, excludes discontinuities and concentrations, and is produced 
only by mechanical loads.  

a = Local membrane stress. This stress is the same as a except that it includes the effect of 2 m 
discontinuities.  

ab = Bending stress. This stress is equal to the linear varying portion of the stress across 
the solid section under consideration, excludes discontinuities and concentrations, and 
is produced only by mechanical loads.  

S = ASME Code Class 2 allowable stress value at metal temperature of the section 
under consideration.  

Pm = General primary membrane stress intensity.  

S = ASME Code allowable stress intensity at metal temperature of the section under 
consideration.



Table 3 

LOADING COMBINATIONS AND STRESS CRITERIA FOR MECHANICAL EQUIPMENT (Sheet 3 of 3) 

NOTES 

S = ASME Code yield strength at metal temperature of the section under consideration.  

S = Specified minimum ultimate tensile strength of material at given temperature from 
the ASME Code.  

5. For active valves, binding is considered precluded by limiting stresses in the valve body, the 
extended structure and its supports to less than yield. All loads (including seismic and 
thermal anchor movement affects) shall be considered in this evaluation.  

6. Pump pressure boundary is evaluated in accordance with the provision of NC-3411 and NC-3412 
of the Code only for those portions of the pump for which seismic loads contribute to the 
design of the pump pressure boundary. For horizontal pumps the evaluation is limited to 
the pump nozzles and auxiliary external attachments related to the pump pressure boundary.  
Pump casings, covers, seals and related bolting were designed in accordance with previously 
established manufacturers standards which exceed seismic design requirements. For vertical 
pump the evaluation includes the effects of the cantilevered pump bell in addition to the 
pump nozzles and external pressure boundary attachments.  

7. For active pumph: Binding of horizontal pumps is precluded if pump nozzle stresses and 
support stresses are within the acceptance criteria because of the inherent rigidity of 
horizontal pumps. Binding of vertical pumps is precluded by evaluation of pump 
shaft and bell deflections in addition to assuring that pump nozzle stresses and support 
stresses are within the acceptance criteria.



Table 4 

LOADING COMBINATIONS AND STRESS CRITEVI4 FOR MECHANICAL EQUIPMENT 
SUPPORTS AND PIPING SUPPORTS (Sheet 1 of 4) 

Support Loading Combination Stress Limits for Faulted Condition(6)(9) 

(1)(2)(3)(7)(8) 

Linear supports 4  DW + TH + Class 1 and Class 2 & 3 
for mechanical equipment ASME III Subsection NF, and Appendix F 
and piping DBE(SI) + DBE(SAM)l Level D Limits 

Plate and shell (5 DW + TH + Class 1 Class 2 & 3 

piping supports DBE(SI)I +IDBE(SA)I ~ P <0.7 S a < Lesser of 1.5 S or 0.4 S 

P +P <1.05 S 1 + 2 < Lesser of 2.25 S or 0.6 S 
m b - u 1 2-u 

Class 2&3 
Plate and shell DW + TH + o <1.2 S 
supports for mechanical 
equipment (active) DBE(SI)I +DBE(SAM)l 01 + 02 <1.8 S 

Class 2&3 
Plate and shell DW + TH + 0 1< Lesser of 1.5 S or 0.4 S 1 - u supports for mechanical 
equipment (inactive) IDBE(SI)I +DBE(SAM)j a + 02 < Lesser of 2.25 S or 0.6 S 

Class 1 and Class 2&3 
Piping mechanical DW + TH +* 
component supports DBE(SI) +IDBE(SAM)I Manufacturer's Load Limit Information 

a. Allowable buckling stress shall be limited to 2/3 of critical buckling (Sbk) where Sbk is deter
mined in accordance with ASME Section III.



Table 4 

LOADING COMBINATIONS AND STRESS CRITE~lj FOR MECHANICAL EQUIPMENT 
SUPPORTS AND PIPING SUPPORTS (Sheet 2 of 4) 

Notes 

1. DW = Deadweight 

TH = Thermal expansion of restrained system including thermal anchor displacements 
of equipment at piping attachment point.  

DBE(SI) Design Basis Earthquake, Seismic Inertia 

DBE(SAM) = Design Basis Earthquake, Seismic Anchor Movement 

2. Thermal and weight loads are combined considering their sign to achieve the maximum load (+/-) in 
each restrained direction and then combined with seismic loads to calculate the maximum value in 
each restrained direction for design loads.  

3. For decoupled branch lines DBE(SI) and DBE(SAM) will be calculated as follows: 

DBE(SI) = DBE(SI)branch + DBE(SI)run 

DBE(SAM) = /(DBE(SAM) h) + (DBE(SAM) run) 2 

Where 

DBE(SI)branch = Inertial response of branch pipe 

DBE(SI) = Displacement of run pipe at branch connection point due to its 
inertial response applied to branch analysis.



Table 4 

LOADING COMBINATIONS AND STRESS CRITE aj FOR MECHANICAL EQUIPMENT 
SUPPORTS AND PIPING SUPPORTS (Sheet 3 of 4) 

Notes (Continued) 

DBE(SAM)bh = Relative sesimic displacement between piping supports of branch pipe, if 
applicable.  

DBE(SAM) = Relative seismic displacement motion of run pipe at branch connection point applied 
to branch analysis.  

4. Linear type support: A linear type component support is defined as acting under essentially a 
single component of direct stress. Such elements may also be subjected to shear stresses. Exam
ples of such structural elements are: tension and compression struts, beams and columns subjected 
to bending, trusses, frames, rings, arches and cables.  

5. Plate and shell type supports: Plate and shell type supports are supports such as vessel skirts 
oo and saddles that are fabricated from plate and shell elements and are normally subjected to a 

biaxial stress field.  

6. Supporting structures will as an option be designed in accordance with the AISC Manual for 
Steel Construction (Reference 11). For faulted conditions the allowables will be 1.6 
times the AISC allowables for steel design using elastic methods.  

7. Loads resulting from untied expansion joints shall be considered in design load where applicable.  

8. Equipment supports: all nozzle loads including thermal and seismic anchor movements will be 

evaluated.  

9. a1 = Membrane stress, which is the average stress across the solid section under consideration.  
It includes the effects of discontinuities but not local stress concentrations.  

02 = Bending stress, which is the linear varying portion of the stress across the solid section 
under consideration. It excludes the effects of discontinuities and concentrations.



Table 4 

LOADING COMBINATIONS AND STRESS CRITE I FOR MECHANICAL EQUIPMENT 
SUPPORTS AND PIPING SUPPORTS (Sheet 4 of 4) 

Notes (Continued) 

S Allowable stress value from the applicable table of Appendix I of ASME Code. For structural 

steel, S is the required section strength based on elastic design methods and the allowable 

stresses defined in Part 1 of the AISC "Specification for the Design Fabrication and 

Erection of Structural Steel for Buildings," November 1, 1978. The value of S shall not 

be increased by 1/3 as allowed in Section 1.5.6 of AISC Specification.  

S = Specified minimum ultimate tensile strength of material at a given temperature 

from the ASME Code 

P = General primary membrane stress which is derived from the average value across 
m the thickness of the section of the general primary stresses provided by mechanical 

loads but excludes all secondary stresses. Averaging is to be applied to the stress 

components prior to determination of the stress intensity values.  

Pb = Bending across full section. Stress component perpendicular to cross section.



Table 5 

LOADING COMBINATIONS AND ACCEPTANCE CRITERIA FOR FIELD ERECTED TANKS (Sheet 1 of 2) 

Item Loading Combination(l) Criteria(2) 

Shell Plate a < S 
m - y 

(A283 grader C) D + L + F + Ro + E(4 ) U Level C < 1.5 S 
m 

(a or a L) + b < 1.8 S 

Per ASME Section III Table: 

(4)a G- ND-3852.7-1 
Roof Design D + L + F + Ro + E a - ND-3852.7-2 

ab - N3852.7-3 b 
cU - ND-3852.7-4 

r 

Anchor Bolts D + L + F + Ro + E(4 ) See Table 6 

(4) 17 KSF Bearing Pressure 
D + L + F Ro + E S.F. = 1.1 Overturning, 

Foundation D + F + E sliding, and flotation 
Safety Factor 

(3) Buckling Sbk < 2/3 Sb



Table 5 

LOADING COMBINATIONS AND ACCEPTANCE CRITERIA FOR FIELD ERECTED TANKS (Sheet 2 of 2) 

Notes 

1. Definitions and Nomenclature for Loading Combination 

D - Dead Loads 

L - Live Loads 

F - Lateral and vertical pressure of liquids 
Ro - Maximum pipe and equipment reactions during normal operating conditions based on the 

steady-state condition, if not included in the above loads.  
E - DBE 

2. Definitions and Nomenclature for Criteria 

S - Minimum yield stress per ASME pressure vessel code, Section III 
S - Allowable stress per ASME pressure vessel code, Section III 
a - General membrane stress 

L - Local membrane stress 
L 

ob - Bending stress 
a t- Tensile Stress 
a - Axial compression stress 
a - Shear stress 

S - Critical buckling stress 

S - Allowable buckling stress 
bka 

3. Critical buckling stress, Sbk, is determined in accordance with ASME Code Case N-284 

(Reference 15), NASA Plates and Shells Manual, or similar.  

4. Dynamic fluid pressure (sloshing) will be considered in accordance with Reference 9 or similar.



Table 6 

REEVALUATION CRITERIA FOR CONCRETE ATTACHMENTS 

A. Concrete Expansion Anchor Bolts(2) 

T V 

T )2 ( ) 2 
I 

T = Allowable Tensile Load 

V = Allowable Shear Load 
u 

Wedge Type: T & V = 1/4 ultimate as specified by manufacturer 
U U 

Shell Type: T & V = 1/5 ultimate as specified by manufacturer 
u U 

B. Concrete Embedded Anchors(1)(
2 )(3) 

a < 1.6 S 

o < 0.9 S 
y 

S = Allowable stress per AISC (Reference 11) 

S = Minimum specified yield stress for particular class 
y or grade of material.  

Notes: 

1. Embedded bolts are "J" bolts, or bolts of similar 
configuration.  

2. Bolting loads will consider the effect of base plate 
flexibility (i.e., the resultant of the stress in the 
concrete due to moments acting at the compression flange 
of the attached column or beam. This will result in 
a maximum tension value in the subject bolts.).  

3. For "J" bolts the physical configuration of the 
embedment is evaluated to verify that the bolt 
strength rather than the concrete strength governs the 
design. (Concrete strength is based on original design 
values and does not take credit for increased strength 
due to aging.) 
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