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.0 PURPOSE

The purpose of thig criteria document is to provide guidance and
document original United design criteria for the various tasks
encountered in computerized piping analysis on existing systems with
minor wodifications for the CPAL Brunswick 1, 2 Plants, This criteria
document was originally generated by UESC but has been adopted by CPAL
for internal use. Ravisions beginning with Rev, 2 are the
responsibility of CPAL. This criteria document may be used for minor
modifications as defined in Section 2.0, of Definitions. This criteria
document 1ncludes general guidelines dJealing only with linear elastic
analysis of piping systems that meet the code of record, USAS B31,)
Power Piping Code 1967 (material properties and allowable stress limits
were uﬁod from later code editions when not available in the code of
record).

This document presents methods for determining the adequacy of piping
systems subjected to both static and Aynamic loadings. The averal)
coverage includes the following ftems:

° Selection of an appropriate computer program tc perform the
desired analysis

0 Prorer construction of a mathematical model which adequately
represents the piping system under consideration

0 Application of all loads required to meet the imposed design
requirements

° Actual performance or execution c¢f the analysis to obtain piping
responses, such as reaction loads displacements and stresses.

© Evaluation of analysis results ‘. assess validity and
applicability

0

Documentation of analysis results

Althoug: it is discussed briefly in Section 3, this document duas not
directly provide guicance for determining the type of anaiysis to he
performed. Nor does it dea)l directly with any specific computer
program. The procedures presented herein are general in nature and
apply to al) types of computer anaiysis programs, [t is the
responsibility of the analyst to detsrmine their proper utilization,
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Deviations from guidel ines contained in this document are permissible
providing that the following conditions are satisfied:

1.1 Approvals for the deviation(s) have been obtained from the PTG
Principal Engineer.

1.2 Adequate justification for the deviation(<) has been demonstrated,

1.3 The deviation has been fully documented as part of the piping |a
analysis calculation package, |

1.4 Al cognizant parties have been informed of the deviation(s).
Further guidance in p¢ “ormance of reanalysis for the piping turnover
project should be obty 3d from PTG-10, Brunswick Piping/Support
Analysis lssues.

DEFINITIONS

The following are additional definitions of terms and acranyms to be
used in conjunction with Procesure CPL-GMEDP-0000 (Ref. 12):

2,1 SHALL is used to indicate that a provision is mandatory,

2.2 SHOULD is used to indicate that a provision is not mandatory but
recommended as guod practice.

2.3 MAY is used to indicate that a provision is optional,

2,4 PIPE SUPPORTS are defined as those hardware components used in a
piping system to support the pipe and transmit deadweight,
seismic, and transient loads to foundations, tloors, walls, and
other supporting structures,

na
.
o

PIPE RUPTURE RESTRAINTS are defined as those hardware devices and
components specifically designed and located to prevent
uncuntrolled motion of pipe segments.

"3
on

ANCHORS are devices which provide full restraint [i.e., permitting
neither translational nor rctational movement of the pipe on any
of the three reference azes),

e
.
~3
o

HANGERS are supports from which piping is suspended from 2a
structure, etc,, and which function by carrying the piping load in
tension,

2.8 CONSTANT SPRING HANGERS are t'ose hangers which provide a constant
supporting force for piping throughout their full ranne of
vertical expansion and contraction,

2.9 VARIABLE SPRING HANGERS are those hangers which provide a varying
supporting force proportional to spring deflection.
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PAD is an acronym for Pressure Anchor Displacements and refers to
the Drywell an¢ Suppression Cham er displacements resuiting from
interna) pressure during test or LOCA conditions,

TAD is an acronym for Thermal Anchor Displacements and refers to
the thermal growth of the Drywell and Suppression Chamber
resulting from LOCA conditions,

SAD is an acronym for Seismic Anchor Displacements and refers to
the seismic movement of structures.

d T is a symbol regresenting the difference in temperature between
an operating condition temperature and ambient temperature.

MINOR MODIFICATIONS pertain to minor piping deviations such as
adding a valve, changing a valve type or weight, relocating a
valve or support, adding a new transient load condition, snubber
to strut replacements, As-Built deviations and minor piping
reroutes,

NOTE: Minor piping reroutes can not be simply defined and require
engineering judgement. This judgement should consider practical,
technical and Licensing consequences of using the original or
state of the art design techniques or a combination of both,
Extreme caution should be used when combining design techniques,
since the result may not be conservative,

AS-BUILT DEVIATIONS pertain to piping and support
locations/orientation of the as installed piping system which
differs from the analysis of record piping system,

NOTE: Prior to November 1, 1986 the As-Built acceptance tolerance
for deviations was as documented on page 66 of Attachment A to
Study Report 7992,.068-5-M-028, Rev, 0., The only exception is the
use of 15 degree orientation tolerance utilized during the snubber
and strut orientation program in 1981 and 1982, For justification
of this 15 degree tolerance refer to APPENDIX C. Subsequent 1o
November 1, 1986 the talerances provided in APPENDIX B will be
utilized for reconciliation of As-Built deviations.

Primary Stresses are those stresses associated with sustained
loads (ex. pressure and weight) and occasional loads (ex.
earthquake and wind) and capable of direct overstress failures,

Secondary Stresses are those stresses associated with secondary
loads (ex. thermal expansion and anchor displacements) and capabdle
of causing fatigue failures,
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3.0 SELECTION OF ANALYSIS TYPE

4.0

5.0

Different clazsifications of piping systems may require different types
of analy + . The analyst shall consult Table 1 and review system piping
requirements to determine the type of analysis roquired, Analyses.shall
be performed in accordance with USAS B31,1 Power Piping Code, 1967
edition,

PIPING SYSTEM LOADINGS

The typical piping loads defined below shall be considered when
applicable:

0 Internal Pipe Pressure

0 Dead Weight 1oads for both the normal and test (hydro) conditions
0 Therma) Expansion Loads

° Cold Spring Loads

0 Wind Loads (i.e. Diesel Generator Exhaust piping)

° Seismic Loads

¢ Transient Loads (i.e, Main Steam relief valve discharge piping)

)

Anchor Displacements Resulting From - Pressure in the Drywell and
Suppression Chamber (PAD) - Thermal expansion of the Drywell and
Suppression Chamber (TAD) - Seismic events (SAD)

¢ Pipe Rupture Loads - The application and combination of the above
loads shall be governed by e applicable codes, design
specifications and FSAR commitments, (Refer to TABLE Al in
PPPENDIX A).

MODCL CONSTRUCTION AND INPUT DATA PREPARATION

5.1 Analytical Model

The foilowing 1ist identifies minimum compute capabilities
required to mode' piping systems:

O  Straight Pipe Elements
O  curved Pipe Elements or Elbows

©  Facilities for Specifying Boundery Conditions [i.e. Supports
and Anchors) - Displacements and Rotations - Stiffnesses

0 Lumped Masses

0 Frequency cutofr for modal summation
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TA!L§ 1
"roING SYSTEM AMALYSLS
SETENTE TTONSETSHTT
TYPE OF LINE CATEGORY 1 (5) CATEGORY 1

HoT/CoLD (1)

HOT

coto _(2)

NOT (4)/COLD (2]

S1zes

Larger i
Than and
© Smaller

Larger 2'
Than and
2" Smaller

ALL

*~alysis
Met hod

Detailed Detailed
Computer Computer
ar
Other
Destgn
(3

Detailed Detailed
Computer Computer
or
Other
Dotign
(3

.

Detailwc
Compy ter
or
Dther
Design
(3

‘gchniques Techniques Techniques

Notes to Table 1:

(2,

(3)

(4)

(§)

HOT LINES ary defined as > 170F, for carbon steel
(4T=100F,) and 150F, for Stainless steel and
copper-nickel (dT=80F,), This temperaturs 15 a4 general
rule and each 1ine should be reviewed against its
systen piping design reguirements for determination of
usage,

COLD LINES do not require Tiernma' analysis if
senetrations, equipnent noztles, anchar displacements

or other conditions do not require evaluation, A
flexioility check should be performed however, and the l
mini=wm distance to the first rigid support at each 2
change of direction shou'ld be checked, l

OTHER Doslgn Techniques include; Static Seismic
Anaiysis, Simplied Computer Analysis, Hand Calculations
and Design Tables which are not specified in this
Criteria Document,

HOT LINES larger than 2" diameter that directly support
plant operation (1.e., Main Steam, Extraction Steam,
Feedwatar, Condensate, etc,, should be analyzed using
detailed computer analysis method.

Sefsmic analysis should be performed on 1ines whose
failure could cause |r11§§gin*_¥ggs§g%,to any safety

system, Systems originally analyzed to meet this )
requirement are addressed in the juperseded FSAR,

comnents 5,33, 8.49, and 10,43,
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Recomended Coordinate Systen

A Cartesian, XeY«1, global coordinate system is

recomménded, Unless otherwise specified, the horizontas)
plane should be defined by the (+) X (North) and (+) I (East)
axes, and the upward vertical airection shall be defined by
the 30) Y axis,

In addition to the global system, local coordinate systems
are also required in which to define the pipe elements,
Local systems are defined in terms of the global system by a
rotation or orfentation matrix, The analyst shall become
familiar with the coord nate system conventions and
requirements of his computer program and take the nacessary
steps to ensure correct input specifications and output
interpratations as affected by local and global coordinate
systems,

Mode! Boundaries and Mode! Subsuructuring

In general, piping models follow state of the art modeling
techniques used prior to the 1.E. Bulleting of 1979,

Models s suld only be terminated at full penetrations,
equipmen nozzles or other rigid structural anchors,

Link-seals were generaily modeled in the analyses as terminal
points with rigid stiffness., UNITED considered Link-ceals as
three directional translational restraints under the [.E,
Bulletin reanalyses ‘in the original thermal analyses, 1ink
seals were considered as G.way restraints),

Linkescal axta) and radial loads should be evaluated based on
the capacities of calculation sets 9527-8-55-90.F, Rev, 0 and
9527-8-55-91<F, Revigion 0.

For large piping systems whese model ing requirements exceed
computer program capacities, the following decoupling
techniques shall he utilized:

O Overlapping af main Yine runs should be avoided,

Approval of the PTG Principal Engineer shall be obtained |,

if main run overlap is used on reanalysis, Although
some small bore piping 1ines considered main 1ine
overlapping, 1t should be avoided (see Study Report
7992,001-5-M-037, Rev., 0).

O Branch 1ines may be decoupled from main lines when the
ratio of the branch 1ine section modulus to the main
line section modulus 1s less than or equal to 0,08 or
when the ratio of moments of inertia is less than or
equal to 0,04,
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0 Therma)

O gxternally applied Forces and Moments

0 Statically applied Equivalent Seismic Loads
0 Anchor Displacements

O gsefsmic Response Spectra

AQLPEP$ g or ADLPIPE, as opposed to ADLPIPE 2, has the same
capa fns as ¢ -se described above and accommodates ASME
111 Class | pipes 1n addition to Class 2 and 2, (Thig
version of ADLPIPE may also be utilized through computer
service vendors),

Ag;P§P§ £ - Has equivalent features to ADLPIPE D, This : >
version of ADLPIPE may be utilized on the Sun Workstation,

MEL 40 - A static piping flexibility analysis program
avaioped by Machinery Lacoratory and/or the Mare (sland Site
of the San Fransicso Bay Naval Shipyard, It was used for
the original Thermal and Deadweight analysis prior to the NRC
1.E. Bulleting 79-07 and 79-14, This program provides
elastic analyses of piping systems in accordance with the
requirements of USAS B*1.1 Piping Code. Features within the
nrogram enable MEL-4C to analyze the effects of the following:

° Pressure

O Deadweigyht

0 Thermal expansion

0  gxternally appliad forces and moments

PIPE « A static and dyramic pipe design and stress
analysis program developed by Nuclear Services Corporation,
It was used for time-history *ransient aralysis of the
Mainsteam S.R.V. discharge 1ines for the Torus Mark 1
modification program, This program provides elastic analys's
of piping systems in accordance with the requirements of ASME
111, Class 2 & 3 and ANSI 831, Piping Code, Features witnin
the program enable NJUPIPE to anaiyze the effects of the
following:

0 Pressure
Deadwe ight
Thermal

Seismic response spectra

)
0
0  gExternally applied forces and moments
Q
o Time-history
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The analyst should include the required elements in the
mathematical model to represent the stiffness and mass
properties of in-1ine components. Acceptable ADLPIPE

mode) ing techniques for socket weld elbows are given in
Appendix F, Vendor valve data should be used when
available, The valve operator frequency of motor/air
pperated valves fnvolved in plant modifications should be
requested from the vendors, When vendor frequency data is
not available the valve oper:tor drawing should be reviewed
to existing plant drawings for similarity (see Study Report
7902,001-5-M-032, Valve Operator Frequency), The origina)
guidelines for mode)ing of valve operators are as follows:

o

O  the valve operator and superstructure should be
simulated such that the fundamental freauency is greater
than or equal to 20 hz to avoid artificial operator
excitations from being induced to the piping system,

0 The valve hodies, strainers and flanges may be simulated
by a piping element with a diamater of 1.5 times the
nominal piping diameter and & thickness equal to 2.0
times the rominal piping wall thickness, .

Masses of valves, valve operators, and ather components
should be lumped at their appropriate centroids, either
using vendor drauings or catllo!uc information, (See 1
Study Report 7992,001-5-M«031, “Evaluation of Valve 12
Input Data used for Computerized Piping Analyris of i
Existing Systems,")

¢ Acceleration of Class IA and IB active valves in all la
analyzed safety related 1ines shall be calculated and
compared with allowable accelerations of 3,09 (Horiz.)
and 2,09 (Vert,) unless otherwise specified,

deling of r nd Restraint

Supports and restraints are modeled with zero Japs unless
designed to specifically consider 2 qag other than the
nominal (1.e. one-~sixteenth of an inch),

Supports and restraints are modeled with representative
typical support stiffnecs, The stiffness value set used under
the [.E. Bulletin reanalyses (higher values) changed from the
origina) analyses (Lower values) due to mode!ing tec'nique
changes over the time span, The range of stiffness values
are given in the following tabdle:
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In addition to input data checks, computer results shall be checked as
thoroughly as possibdle,

The output items 1isted below shall be checked when applicable:
0 Direction and Magnitude of the following:

Peaction Forces

Resulting Displacements
« Resulting Stresses
« Therma! Expansion

° Dynamic Behavior
« Frequencies
- Mode Shapes

6.1 STUDY REPORTS
The Study Reports 1isted in Reference Section 10 and Appendix D were |2
created to [1) document/justify the inputs utilized in past analyses,
(2) provide a documented source of analysis fnputs to allow for the
future review of completed analyses and (3) document acceptadle

approaches to evaluating items not previously addressed when
reviewing existing analyses or performing future analyses. |2

7.0 PIPING LOAD ANALYSES

After completion and verification of the mathematical mode)l, the following
procedures shall be used to perform the indicated anal yses,

7.1 Internal Pressure Analysis

Longitudinal membrane pressure stress shall be calculated according
to the equations given in the applicadle code, Consideration shall
be given to the following pressure levels as applicabdle:

©  pesign Pressura - as specified in system piping requirements

0 Maximum or Peak Pressure - as set by over-pressure safety reifef
devices

O  Test Pressure - as specified in system piping =equirements

Nominal pipe wall thicknesses and diameters shall be used in code
calculations,
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7.2 Deadweight Analysis

Using system piping design requirements and indicated support
locations, the analyst shall perform the complete deadweiqght analysis
through a multi-step process. f£ach successive step in the process is
added, as required, to design pipe hangers consistert with the normal
operating condition parameters and to provide worst case support
10ads and pipe stresses resuiting from deadweight, The procedure
out!ined below shall be followed:

Norma! Operating Condition

a) Remove spring stiffness at snubbers

h)  Represent all hangers and remaining supports by very stiff
springs as given in subsection 5.3.3

¢) Specify weights of piping, components and their respective
contents and insulation to agree with the normal operating
condition, (See Study Reports M-031, M-036, and M-041) |2
4) Apply a one (1) "g" downward load to entire piping system model

e) Use resulting hanger reactions (along with thermal
displacements) to properiy size spring hangers

NOTE:  For reanalysis, actual spring stiffness should be used in
1ieu of steps a & b to miaimize field changes,

Mydro Test Condition

a) Include ftems a, b, and d from above
b) Specify weights of piping, components and their respective

contents and insulation to agree with the hydrostatic test (or
hydro) condition

Th!rm!\ Uplift Condition

a) Identify those conditions in which thermal expansion may relieve
piping support reactions produced by deadweight,

b) Analyze pipe for both cold and hot deadweight conditions,

7.3 Thermal Analysis

All operating thermal transients shall be investigatea and the worst
case transient(s) shall be selected for analysis, The following
items apply to thermal anilyses:

0 Materfal moc, {1 (1.e,, E and G) sha:i be consistent with pipe
temperature for expansion or contraction (EH) for support loads
and room temperature (EC) for pipe stress.
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° The mean coefficient of thermal expansion shal) be specified,

0 The naming) pipe wall thickness shall be used,
0 Therma) anchor displac _ment shall be incorporated,
¢ Snubbers and spring hangers shall be inactive fn the model,

A1) other supports and restraints shall be represented by appropriate
springs and boundary conditions,

Note: When performing stress analysis, the analyst should consider
Feplacement of snubbers having less than a sixteenth of an inch axial
therma! movement using a rigid restraint (with approval of clfent),

When using as-built spring settings, the force input should be the |
"HOT Yoad" spring setting urless noted otherwise on the load dats e
sheet, .

0 Ambient temperature of 70°F shall be assumed, When operating
temperatures are higher and lower than ambient, the support
detign stall consider independently the ioads from the higher
and lower sperating temperature ranges of the system, s0 a4 10
avoid overly conservative support design loads.

Note: In some cases a temperature lower than 70%F was not used in
the computation of stresses due to the judgement of
conservat ism in the thermal analysis (Reference 8). When
reanalyzing existing )ines this lower temperature case should
be Included in the stress range computation,

told Spring Analysis

Thermal analysis techniques shall e employed to simulate the cold
spring condition, The data contained in the following table are
presented to simulate either 2 "cut short" (shortened pipe section)
?r “cut long" (lengthened pipe section) segnent of pipe with cut of
ength L:

Type of cold Coeffici nt of therma) t
spring expansion (in/inof) (of)
cut short 1000, X 10-6 «1000,
cut long 1000, X 106 1000,

Piping systems contlinin? a cut short or cut long spring shall be
analyzed for both the cold and hot conditions as specified below:

Cold,
©  Cold materia) modulii shall be used

O  Thermal properties are specified only for the "cut
short' or "cut long" elements (Sce above table).
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Hot
0 Mot material modulii sha)l be used
O  Actual thermal anchor displacements are specified if
applicable
)

Actual therma! properties congistent with the condition
under study are specified for all pipe segments except
for the "cut short" or “cut long" elements which utilize
the data from the above table,

The therma) stress range experienced by any particular pipe
segment is unaffected by the presence of a "cut short" or “cut
long" condition,

The range shall be detirmined from the cold and hot condition
analyses Just described or the range shall be determined from a
thermal expansion analysis employing the system's original
configuration with no regard to the cut,

No credit for cold spring is allowed with regard to pipe

stress, A reduced reaction load credit for cold spring is
allowed in the calculation of force and moments acting on
equipment in accordance with USAS B31.1, 1967 Power Piping Code,

Seismic Ana1!!1!

When performing seismic analyses, the analyst shall select either _he
Modal Resgonsc Spectra method (Detailed Computer) or an appropriate
Other Design “echnique, (The analyst should consult PTG-10 prior %o
choosing a reanalysis terhnique to ensure that project guide!lines are
met. For example, PTG-10 allows additional Lechniques such as
multilevel response spectra analysis while invoking additional lz

requirements such as minimum m=ss participation percentages.) The
analyst shall consult Table i, Zection 3 .f this criteria document
to dete mine the method reouirec for any particula oiping system,

/.%.1 Mgdal Response Spactra Methed

The following procedure shall be employed to perform the
modal analysis:

0 Ensure that all active supports (snubbers and rigids)
are represented

° Include number of modes to a system frequency cutoff of
20 Mz with no "missing mass" correct’'on considered,

Cgutign: Analyst should not remove seismic supports when
reanalyzing existing system using 20 Hz criteria,






Note:

7.5.2
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here, 1 & (B Ey8)3/2
€2« (t2f ¢ EyH)1/2

During the initial phases of the 1.E, Bulleting 79-07 and
9-14 reanalysis the loads were tabulated with & 1,38
sefsmic multiplication factor, The 1,38 factor was
included to conservatively address some NRC concerns
utilizing absolute summation versus square ~oot of the
sum of the squares summation of modes for 2 two
directiona) earthquake analysis, The use of this factor
was later found not to be required (Reference 9),

hr alternate procedure to perform the modal analysis 1s
as follows:

° Use a response spectra method utilizing the alternate
damping criteria of the ASME Code Case N-411, (optionall

0 A three-dimensiona) square root of the sum of the
squares (SRSS) earthquake combination will be used in
1ieu of a two-dimensional SRSS combination,

O  pegulatory Guide 1,92 modal combinations accounting for
closel y-spaced modes will be used in 1ieu of a siraight
SRSS of all modes.

© A rigid cutoff frequency of 33 Hz will be used in liey
of 20 Mz,

o  Missing mass shall be included |2

The use of these upgrades for use at the Brunswick Plant,
Units 1 and 2 are consistent with design methodology being
accepted by the NRC staff for plants currently undergoing
1icensing review and is acceptable per NRC letter Docket No,
50.325/324 from Mr. Harold R, Denton to Mr, E, E, Utley,
dated 8/28/85, The conditions set forth in this letter shall
be followed,

Seismic Anchor Displacemen

Seismic anchor displacements from structures shall be
evaluated and used in the analysis unless considered to be
insignificant, SAD were analyzed at the drywell and
suppression chamber penetrations (see Section 7.7), [(Anchor

|
displacements may be obtained from Reference 17.) {z



7.6

147

7.8

Report No, '36%,007.5.M.020
Rev, 2
Page 24

Flow Transient Analysis

Piping response to fow transients shall be analyzed by either static

or time “istory methods, Both methods require the application of

piping reaction forces at elbows and at other locations where flow
obstructions exist, Piping systems reanalyzed during the Piping |
Turnover Program will only consider transients previously run by |
United Engineers,

Examples of flow transients include the following:

o Steamhammer
Waterhammer
° Safety Valve Discharge

1f the piping response to a flow transient is to be determined by static
methods, a dynamic luéJ factor (DLF) shall be included by applyina all
transiant reaction forces to the system with a DLF of 2.0,

(Although not used on Brunswick, Lower DLF values can be utilized 1f
substantiated by Analyses.)

In 1ieu of static approaches, time history metnods may be used. To
perform a time history analysis, the analyst shall apply time history
forcing functions to a representative mathematical model utilizing
such programs as ADLPIPE, NUPIPE or STARDYNE,

Analyses of relief valve blowdown 1ines were performed using General
flectric Co. supplied blowdown forcing functions. P

PA TA fsplacement Angiysi

Static displacement analyses shall be performed for those piping '
systems connected to the Drywell and Suppression Chamber or to :
equipment nozzles which experience motion from internal pressure or ]
therma! loads, (Ref. 10, 17, and 21), |

The analyst shall impose the appropriate displacement on the piping
system and combine the resulting stresses with others according to
the requirements of Appendix A, Table Al,

Fatigue Analysis

Fatigue analysis per USAS B31,1, 1967 code is considered in the
determination of the stress reduction factor (f) for cyclic
conditions in Para, 102.3.2 (c).
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7.9 Qther Analyses

7.9.1

7.9.2

Pipe Rupture Analysis

Automatic isolation valves in systems connected to the
reactor coolant pressure boundary system, and located outside
the primary containment, are protected by pipe whip
restraints downstream to fnsure the integrity and operability
of the valve, This will prevent an uncontrolled loss of
coolant outside the primary containment and subsequent
release in excess of the limits of 10 CFR 100, For those
portions of piping extending from the penetration to the
firet nutside isolation valve, pipe breaks need not be
postulated provided such piping is conservatively stressed
ard restrained beyond the valve such that, in the event of »
postulated pipe break outside containment, the transmitted
pipe 1oads will neither impair the operability of the valve
nor the integrity of the piping or the containment

penetration, .
combinations ;ég Eﬁf ;Eﬁ:iz “ﬁﬁ 5%33& A.wnnﬂ';u
must be main A termina) end of such piping is

ToniTdered to originate at the pipe whip restraint location,)

Wind Load Analysis

Pipe Systems exposed to atmospheric conditions are anal yred
for wind effect utilizing an approach that fs similar to ASCC
Paper No, 3269, 1961,

Shielding effects by other structures are not considered in
this analysis,

A uniformly distributed load in the horizontal (Marth-South
and East-West) direction is applied to the piping that is
exposed to wind, The magnitude of this uniform load is
generated on the basis of a wind pressure acting on the
projected area of :*: . pe, including insulation where

applicable.

A gust factor of 1.0 is utilized and the uniform distributed
load for a cylindrical structure is given by:

4

where: F = uniform distributed 'oad (1b/ft)

q = wind pressure = (.OOZSGVz

A = projected area (ft2) oy a one foot length of pipe

V = wind velocity (mph)
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8.0 LOADING COMBINATIONS AND SUMMARY OF RESULTS

The results of the various Yoading analyses presente’ in the previous

Sec ion require further evaluation, Since some of the loading conditions
act simultaneously, they must be superimposed to obtain resul tant loads for
4ifferent operating and design conditions, The subsequent paragraphs
address loading combinations and stress evaluations required by power plant
piping systems,

8.1

diag Combination mmar | n r Repor

Table Al of Appendix A presents typical load combinations and |z
corrnpondin? stress 1imits and reconmended stress summary format for |
L

USAS 831,1 C

¢s | seismically designed piping, Table A2 presents

the nomenclature used in the previous tables,

The load combinationt and stress 1imits presented in Appendix A are
based on USAS B31.1, 1967 code,

The purpose of 4 stress summary sheet fs to demonstrate code
compl fance by tabulation of the p1pin? stresses experienced at node
u

points in the piping system under eva

ation as compared with

allowable stress 1imits, A tabulation should be made for each
different type of piping found in the system, For example, 1f the
piping system undergoes a material change from one segment to another
then a ¢t mmary is *equired for each different type of piping,
Stresses may be tabulated and combined at a coincident point in 1ley
of maximum stresses,

8.2 Equipment and Component Loads

In addition to piping loads, other required information is generated
durin. the piping loading analysis, Following is a 1ist of items
which are required from the various loading analyses:

0

0

0

Support and restraint loads

Loads on equipment nozzles

Loads on In-Line components 'when required, such as, flanges)
Valve operator accelerations

Displacements at supports and restraint locations

Integral attachment (welded)
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Study Report - Piping Insulation Deviation Review, 7992,001.5-M-036

Study Report « Reactor Building Piping - Anchor Displacements,
7992.001-5-M-040

Study Report « Review of System Pressure and Temperature Conditions,
7982,001-5<M-041

Caleulation 9527-8.55-90-F, “Link Sea) Breakaway Axia) Force"
Caleulation 9527.8.55.91.F, "Link Sea) Radial Capacity"

Calculation 9627-8.55-92-F, “Equipment Nozzle Displacement”

Study Report - Bearing Stress, 7992,001-5-M-039

Study Report - Flange Joint Qualifications, 7992.001-5-M-033 '
Brunswick Piping/Support Analysis Issues, PTG-10

Design and Analysis of Welding Pipe Attachments for the Harris
Nuclear Project, NED Design Guide No. DG-11.12,
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Appendix A

TABLE A2
TERMINOLOGY AND NOTATIONS

Symbols for Stress Classification and Stress Limits are in accordance with
ASME Section [11, Other load symbols and definitions are specified below:

L Internal Design Pressure

max =  Peak Pressure, cunsidered a2 8 set pressure of ouer-pressure
safety devices

Py = Test Pressure
0 = Deadweight, consist of the weight of the pipe and pipe supported
elements such as valves and flanges, including weight of
insulation and contained fluid
Dy Same as 'D' where pipe contents are f uid during pressure test
T« Thermal Loads due:
a. Range of piping thermal expansion when subjected to maximum ¢
or - temperature difference between the fluid and the
su*rounding environment in the specified plant conditions,
and

b, anchor displacement due to thermal movements of piping
anchors,

TR(P*) « Thrust or Transient due to safety valve discharge, valve trip or
fluid fNow

SAD - Seismic Anchor Displacement (OBE or DBE), affects piping supported
from different structures of relative seismic motions

PAD - Anchor Displacement due to pressure, e.9., containment bldg,
penetrations due to internal pressure during test or LOCA

W - Wind Loads




TAD -

0BE (E)-

OBE(E')-

PR -
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Appendix A

TABLE A2 (Continued)

Anchor Displacement due to thermal growth of the structure, e.9.,
radial and vertical growth of containment bldg.

Loads generated by the Operating Basis Earthquake (OBE), which is
the earthquake that could reasonably be expected to affect the
plant site during the operating 11fe of the plant and which
produced the vibratory ground motion for which those features of
the nuclear plant necessary for continued operation without undue
risk to the health and safety of the public have been designed to
remain functional,

Loads genere*d by the Design Basis Earthquake (DBE) which is the
earthquake that produces the maximum vibratory ground motion for
which certain structures, systems, and components important to.
safety and required for safe shutdown of the plart have been
designed to remain functional,

Pipe Rupture Loads due to a postulated pipe break,




PIPING SYSTE

TOLERANCCS

s v . e




Repcrt No, 7865,007-5-M-009

Rev, 2
Page 2 of 10
Appendix B

UESC PIPING SYSTEM TOLERANCES

e st s o s i

Acceptahle Tolerances

1.0 These tolerances are “total tolerances” and renresent any installation
tolarances allowed by specifications plus the reconciliation tolerances,
care must be exercised to assure that the installation tolerances are not
added to these provided tolerances while reconciling the “As-Constructed"
condition with the analysis mode! of record, When the "As-Constructed"
condition is within the following tolerances, as compared to the analysis
model of record, the stress analysis shall Le considered reconciled, For
current installation tolerances, reference CU-12152,

; (9% P191Q§“Configurat10n

a) Deviation in the locating dimensions (along the pipe centerline) of
fittings (except branch connectians), flanges, valves, piping
special ities and other i.-1ine components, shall be as follows:

Specified Dimension Tolerance
(fuet) (inches)
0 to 8§ gl
§ to 10 4+ 6
10 to 15 + 9
1§ to 20 21
20 to 25 + 15
25 to 3¢ + 18
30 to 3 + 21

35 and cver + 24
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1 \ ) o " * Taratine A4
The tolerancet 3 s 3 t he ating

nension
enter)ine of branch cennections provided "hat the functional
1 specified by the PAID ur any design document are met, With

deration to the effect of any anchor movement On the Lranc
sllowing additional tolerances may be acceptabie:

size combinatiol No tolerance is

¢ 4 — : i »
“X* 1in Table 8.° Stress Intensifi
rances stated A) equal to 1.0, 1

1 ™ ” w1
1s0 be met on ¢ than 0, then t

of the brar:n nchas.,

lar orfentation of pipe legs shall be
Angular oriantation need not be verifi
above are augvented with verificatio

.

Deviation in the angular orientation of power operited

with manua) gear uperators when gear operators are 2

offset mass as compared to the valve wocight shall be
is is applicable to 2" NPS and smaller valves only

pight s 1ess than or eaual to the as-analyzed weight

v

.

when the coerator weight 15 greater €N the as-anaiyzed weigh
.‘ € Api .
be ¢ 5 degrees.

1

) -
q . na
valve body, the anqular orientation sha
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Appendix 8

DERC PIPING SYSTEM TOLLRANCES

APPENDIX B

Component Weights

A) Uniformly distributed weight

B)

Concentrated Weight

Pipe Supports

a)

Deviatio: in the location

of supports/restraints along
horizo.tal or vertical pipe
centerline for supports onm
straight pipe between bends,
e1ls or terminal ends

Deviation in the location of
supports/restraints for the
nearest supoort/=estraint
adjacent to valves, flanges,
risess, ells, bends, or other
concentrated loads except for
the following:

1) Support/Restraint is part
of a full or partial anchor,

2) Support/Restraint is adjacent
to and acts in direction of
long (3 x seismic span) pipe
run,

Tolerance
+ 20% of analyzed weight

4+ 20% of analyzed weight

Tolerance

Table 8.2, Column |

Table 8.2, Column [!

Table B.2, Column V

Table B.2, Column IV
where "+" direction is
toward fitting,
(elbow, bend, etc.)
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UESC PIPING SYSTEM TOLERANCES

APPENDIX 8

1.3 Pipe Supports (Continue '

d)

e)

f)

3) Support/restraint on both
sides of motor operated valve
and locating dimension to
valve is less than 10 pipe
diameters.

Eirst support/restraint adiacent
to active egquipment noxzle.
or/locating dimension is e7ua’

to or less than 10 pipe diametnrs
from any equipment nozzle.

First support/restraint adjacent
to passive equipment nozzles or
whose locating dimension is
greacer than 10 pipe diameters
to the nozile.

Deviation in the location of axial
snubber along pipe center line,

Deviation in the angular orientatien
of vertical weight supports, rod,
variable and constant spring supports,
hangers and struts.

Tolerance

Table 8.2, Column 111
whera "+" direction fis
away froin valve,

Table 8.2, Column !
where “+" direction is
away from no2zle,

Tadble 8.2, Column 111
where "+" direction is
away from nozzle,

Anywhere along pipe leg

+ 5 degrees, Except 10
Jdegrees may be used 1f it
can be shown that this
does not violate
manufacturer's
recommendations relative
to support function,
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Appendix B

UEAC PIPING SYST.M TOLERANCES

APPENDIX B

pipe Supports (Continued)

Tolerance

9) Deviation in the angular orientation + $ degrees, Except 10

of piping restraints other than
vertical,

may be used if it can bde
shown that this does not
violate manufacturer's
recommendations relative
to support function,
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APPENDIX C

JUSTIFICATION OF ACCEPTANCE TOLERANCE

for

SNUBBER AND STRUT ORIENTATIONS
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erically re

accepted w!

15% f¢ rhe allowable a
ymber of reanalyses inv

deviations greater than

[sometrics [~<ide the Drywel|

.

Number of

v C s N va s ~ J

<4 \ 3 - \ R aw - ”~ P 2, 1 s -
jemonstrates only 5% the supports that ha¢ load In

actual modification and none of the supports required a "Short

s believed that if conservatisms were removed from the
ogy, for example use of low damping or 1f a test was done,
ified fixes would not have been reoyired

~ » VW

. - N e " B R B > - .
ncludes 2 from review of Pipe Support Group d

No Short Term Fixes requ i but four were determined to effect
operability
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APPENDIX C

Justification of the Acceptance Tolerance of a 15 Deviation from the Ana'yzed

Angle fur 3nubbers and Struts (Continued)

Note: Any specific amalysit review done subsequently to the generic review,
(1.e., for plant modifications etc.), should not use this tolerance
out should review against the tolerance in Study Reports
7865,007-5-M-020 Appendix B and 7865,007-5-M-021,
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APPENDIX D - INDEX

Valve Input Data, 7992,001.5-M-031

Valve Operator Frequencies, 7992.001-5-M-032

Documentation of Seismic Class [ Boundaary Conditions, 7992,001.5-M-034
Piping Insulation Deviition Review, 7992,001-5-M-036

Reactor Building Miping - Anchor Displacements, 7992.001-5-M-040

Review of System Pressure and Temperature Conditions, 7392,001-S-M-041
Bearing Stress, 799.001-5-M-039

Frange Joint Qualirications, 7992,001-5-M-033

Evaluation of Overlap Zones, 7992,.001-5-M-37

Hose/Bellows Displacement, 9527-8-55-89-F

Evaluation Criteria for Existing Pipe Supports Associated with NRC
Bulletins [E 79-02, 79-07, and 79-14 and Design Criteria for
Modification te or Design of Pipe Supports, 7992,001-5-M-021

UFSAR,.FSAR Review to Establish Piping Analysis Commitments,
7992,001-5-M-028

Evaluation of Overlap Zones, 7992.001.5-M-037
Equipment Nozzle Thermal Displacements, 9527.001-5-M-037



&on
D nA*d N ] £ L s ] - PR
Repo ND . B6S. SeM-072 P
o] > ] «

=~ ¥
™ > o
- g . .
o
-
L ® ]
]
>

€
4
APPENDIX E o8
CLARIFICATION OF VARIOUS CODE
% REQUIREMENTS AND PROCEDURES :

»
»
o -
h |
3
-
.
.
ML
:
23
5 ’
i




study.

SUMMER ADC

AV

their computer runs
intensification fact
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ter R

4
-d

r h
le E
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record,

valuyes
each editio J{ Ta £d

able ©
38588 1n the

he combined bendin torsignal
11 three mome
stress comput

ing applied

moments, Nole that

code implies the same equation
L 3

bending stresses of sustained and occasiona
edition use .75 fact

tor as shown below:

. 751Ma
FEA-dl. 3

torsion moments,




EARTHQUAKE

some confusion existed or rop implementation of a 2D eartt
analysis for stress computatio d ort 1oad summary geﬂera"mﬂ.
telephone conversation with PFob Harri JEAC on 6-29-87 ‘Tar“
position and procedure, VUE! id no any seismic load comb

the comp

ter ac

computer, td direction of : i TVQ § "“xy" and
separately. gh € rom | direction was

with code stress allowable Compute lculated load combi
outputs of ADL-E and ! F wi ot yield the same results
programs envelope 2 moments m e irection first and
stresses, thereby yielding a high lue., For support load devel
initially enveloped t nad n both sefsmic runs, If the envel
created support de ign problems, they would go back and consider eac
load set separatel

MMATION ME

1

y, the moda’l summation n C 1ge sum, Presently
1etin re-analysis it is SRSS re 1o dal spacing.

OF ALLOWASL

he FSAR and t JS ) ate . all e stress values are to be
ybtained

4

) owable stress values .. USAS B3l.1 were
* covered by USAS B3l.1, th 3 values of
Pressure Vessel Code were use applicable.

LS

less s*eo‘ the a'lowable stress values of
'fass value- of the ASME Boiler and Pressure
[, Appen A-24, or Section VIII, were used,
this to mean that when material is not listed
record, later B31.1 editions may be
HPforp gr*ng tc the ASME code, Thus UEAC has used the
edition to come up with allowable stress values not found
edition, (Ref, Tables III thry VIil)

v

CONVERSION FACTOR

the 79-07/14 re-analysis o g, in an effort to red
)f analyses, the 0BE stresses we . iplied by ¢ factor o
cfr9a;es. However, a comparison of Of DBE ARS curves
range of interest (4-10H2) & factor of 1.2 was shown to be more
This factor was then useu throughcut the balance of the 79-14
convert OBE to DBE stresses. This approcach had added con.=2rvatism
April 1872 interim curves were used, This factor of 1.2 has since
inappropriate in certain cases,

a
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SOURCE OF ALLOWABLE STRESSES

It is concluded that to avoid confusion with regard to the source of allowable
stresses, the method used by UESC will be continued, 1f a material is not
enpcified in the '67 code of record, the '73 code summer addenda will be
referenced., If the material allowables are still not found then subsequent
ANS] editions will be referenced before referencing the ASME code, (Rof
Tables E3 through E7 of this appendix for allowables),

0BE/DBE CONVERSION FACTOR

It is the intent of the Phase Il program to run both the 0BE and DBE seismic
cases for all analysis/reanalysis, However, if this is not done, a conversion
factor of 1.2 to 2.0 may be used if its use results in a generated DBE curve
that envelopes the existing DBE curve in the areas of interest, (Ref: BSEP
SPEC, NO, 005-011),

ADL-E/NUPIPE TEST RUN

In an effort to establish confidence in the stress analysis computer programs
to be used in Phase 11, a Study Run of Problem N22 (Sht 22, G31) was made for
the purpose of checking the input requirements, similarities, differences,
methods, and output between ADL-E and NUPIPE using the '67 code vs the '73
code. All input was checked and determined to be as ciose to identical as
possible for each case.
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SUPPORT ECCENTRICITIES:

UESC did not consider support eccentricities in their analyses. Per their
study report 7977,001-5-M-035, a review of the effects of eccentric loads was
performed. Th: results of this report show that the effect on pipe stress is
generally small (up %2 '2¢ in one case). This may or may not be a problem
depending on the existing stress level, The effect on support integrity is
not so easy to define since there are numerous variables that affects the
results, UEAC has therefore suggested that supports be reviewed on a case by
case basis,

CONCLUSTON:

The desired result of this study was to clarify specific items that affect
procedures and methods to be used in Phase Il of the Piping Design Turnover
Program. The following conclusions will be used as a guide to the
analysis, re-analyses of piping systems, In no way does it overrule or take
precedence over any cuntrolled document,

USAS B31.1 1967 vs, ANSI B31.1 1973 SUMMER ADDENDA,

It is concluded that Phase Il computer analyses/reanalyses using the NUPIPE
ADLPIPE computer program should utilize the '67 code option. This option will
compute stresses &5 required by the code except where an intensification
factor is required, The '67 option uses the full { when computing primary
stresses, This is conservative and muy be used as is if no overstressing
exists, However, if an overstress occurs due to the primary stress level, &
25% reduction of the primary stresses may be calculated by hand and re-checked
to the appropriate allowables. (.75i < 1,0)

20 EARTHQUAKE

It is concluded that the past method af computing seismic stresses for 20
analyses shall be continued., 3eparate seismic runs for xy and yz should be
made and the max stress obtained by choosing the highest of either

direction, The ute of stress combinations by computer may be used since the
method is not unconsernative, For suppert loads, the minimum requiremert for
seismic 1oads is to consider the load set for each direction as part of a
separate 'oad case, The use of the cumputer load combination set is
conservative if it envelopes the two direction load sets into one.

MODAL SUMMATION METHOD

In order to simulats a straight SRSS modal summation regardless of mode
spacing, the following ¢ptions should be used:
For ADL-E, a PERMODE value of ,01 and a reg. guide specification of
1.70 should be input on the shock card. For NUPIPE, a value of -1 in
the NPR field of the second control card should be used,
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During a review of the thermal case for ADL-E '73 vs '67 it was noticed that
all the stresses for the ‘67 run were at least 9% lower than for the '73
run, A check of the internal forces revealed no differences in values,
Therefore, 1t must be in the way the stresses were calculated, However, since
the expansion stress equations for '73 and '67 differ only when the SIF 15 not
equal to 1, the stresses should be different only at intensified nodes.

sge ()% ¢ ()" + w2 /2 (/67)

PERICTOR Ny: + hzz)l’z
T

The same thing seems to be happening with NUPIPE, The NUPIPE '67 thermal
stresses are higher than the '73 stresses at all nodes, not just at
intensified nodes as would be expected,

{(*73)

FINDINGS:
NUPIPE II 1967

. Uses the full i for load cases.

. Does not intensify torsicnal moment,

Sums the number of modes specified,

. Totally manual mass lumping is not possible,

. Uses equation 4 8
I= méo - d%)

to compute section modulus.

LS LI - PR S T
-

NuPifc I1 1973

1. Uses the full i for secondary stresses, and .751 for primary strasses,
(if .75i21.0)

Intensifies the torsional moment.

Sums the number of modes specifi:d,

Totally manual mass lumping s not possible,

Uses equation
Ze mMRZE (5)

to compute the section nodu?us. resulting in different stress values than
the '67 version.

ADL-E 1967

N B Lo T
- - -

Uses the full | “ar all stresces.

Does not intensiry the torsional moment.

Frequency cutoff overrides the number of modes in the summation process.
Uses equation (4) to compute thermal siresses (adverse to the code)
therefore resulting in stresses that must be increased by the ratio E./E,
to conform to code requirements.

(This error has been fixed un the Sun Workstation)

B ) N v
-



Intart fipsg ‘.'9 .S na ~-‘{w;‘.0
B

$ werrides the n mbher f mne

¥ "he cut-off frequency changed to 33 Kz,
: Moda' summation changed to provisions ¢f Reg. Guide 1,92,
® 0 A 2 i to be uted,
4. In the event of support relocations/increasad motion on 2x.sting
clearances and 1ine mounted equipment should be checked,

5. his option is applicable to Response Spectra type analyses only ar
S

when used should oe used consistently within each scrass probiem,

AY - " ~ - -~ e A1 - - - & a
\180, the code case N-&l' must be noted in the documentation Qof each
» - 1 - - 1

stress CalC that uses 1t,

Ls SAS B31.1 1967
A ANST B31.1 1673 SUMMER ADDENDA
ADL-E USERS MANUAL
4, NUPIPE 11 USERS MANUAL REV M DATED 6.27.P4
: BSEP SPEC. NO 005-011
b TELECON BESU, T-515 DATED 6-29-87
74 FSAR
8. JFSAR
9. RESPONSE TO LETTER RPU-Q101 DATED 1-18-84
10, STUDY REPORT 7992,001-5-M-03%
ANST/ASMF ©531.1 1980
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TABLE £l
S. F‘

COMP ENT 1967 CODE 1973 CQDE
SOCKET WELD ELBOW 1.3 2.1
TRANSITION POINTS 1.0 1.9
(VALVES, SLANSES)

STRAIGHT PIPE 1.0 1.3

BUTT WELDS

REDUCERS 1,0 2.0

TABLE E2
STRESS EQUATION
CONDITION 1967 _CODE 973 CODE
THERMAL s, 515, +45,2)1/2 So-i;g
e* 15y t

DEADWE I GHT s-[(1nn)2¢g1np}2+gn,22]1/2 $=0, 751Ma
T

SEISMIC se(liM )24 (iM )24 01,) 2 /2 S=0,75iMb
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APPENDIX ¢
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TZLBULATED ADLPIPE INPUTS FOR

COMMON INLINE COMPONENTS




4ELBOW
AELBOW
4£.80W
4ELBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW
SELBOW
4ELBOW
4ELBOW
4ELBOW

4FLBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW
4ELBOW

CONTROL

I

12

(0.0.)

1

0.40%
0.540
0.675
0.840
1.050
1,315
1,660
1,900
2,375
2.875
3,500
4,500

0.840
1,080
1,318
1,660
1,900
2,375
2.875
3,500
4,500

(t)
ol

0.190
0.238
0.252
0.29%
0.308
0.358
0.382
0.400
0.436
0.552
0.600
0.674

0,374
0.456
J.500
0.500
0.562
0.686
0.750
0.874
1.062

TABLE Fl
ADLPIPE MODELING OF SOCKET WELD FITTING FOR PHASE 11 OF THE TURNOVER PROGRAM

Report,

NO.

APPENDIX F

(Re)
24

0.8750
0.8750
0.9688
1,1250
1.3125
1,5000
1.7500
2.0000
2,3750
3.0000
3.3750
4,1875

1,3125
1,5000
1.7500
2.0000
2.3750
2.5000
3.2500
3,7500
4,5000

PAGE 2 OF 2

rd -~
L 1
—

wOOOOOOOPQ
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QWO NN~ OO
NN WD OO W

-
r

Cad e
- -
Londh. *d
W

0.45
0.61
0.82
1.01
1.41
1,70
2.33
.47
3.713

NOTE: THME LINEAR WEIGMTS IN THE 26 FIELD ARE FOR UNINSULATED LINES.

NOMINAL
SIZE

1/8
1/4
3/8
1/2
3/4

l
1-1/4
1-1/2

1-1/2
2-1/2

7865.007-5-M-020

RATING

3000#
30004
30004
30004
30004
30004
30004
10004
30004
30004
30004

30000

60004
60004
60004
60004
6000#
60004
60004
6000#
60004
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, per the guidelines in Table 3, will result in:
i
Increase the local pipe streas allowable for stratght sections

of pipe by N ipset Condi%ion)

S, [(Abnormal Tondition

B O

Sy (Short Te'm Conditior ‘
Increase* the local pipe stress allowable for elbow sectiony of
pipe by: 6 Sy » 1.1670,, Ipset Londition
AL \ A7 [ Abnor 1 andie "
- Jh * da A0 \v‘o ! ma L*
g £ 1.1670%; (Shar. Tarm Coodd ,
. Jk * 14,40 a0 Y (3 0

bending stress at the operating condition
by e * 757 M or computer analysis.
-
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¢ If the ~ume ‘¢ca’ /alue of the increase is negative then the local
allowable stress wil) decrease by that magnitude,

Local pipe stress lavels are typically determined by the mrthods prescribed by
welding Reses=ch Council Bulletin No, 107, and 198 and Code Case N392,

Welded attacimer” evaluation performed by the Piping Turnover Group stress
analysts will qualify local pipe stresses and the attachnent weld, Support
angineers wil) qualify the remainder of the support, starting with the welded
nembar, Support loads transmitted for evaluation are to se at pipe centerline
unlass ot erwise noted,
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TARLE 1

Seismic Class 1 Pipeng Sysiems

STRESS A7 WELDED ATTACHMENT LOCATIONS

acal

Allowsble Siress Limits for Opersting Condition

l OPEZATING LOAS PEINARY N STEOCTUZAL FREINARY PLEZ
COMDITION CONB IRAT 1 0% ISTECEITY LIMIT SECONDARY LiNIT
IS5, S PR R

Original PoeDW e OBE + TR 1.2 8, - O A
Norma'! fUpsci P ¢ DM + TH ¢+ SAD (OBE} ¥ oA is, -Gp
Emergency of P oM+ BBE ¢+ TK 1.8 5, - O» A
Faulted

PRI o B CIPLIINETR E i e e e J
Short Term P+ Bi » DBE + TR 2.4 5 - G» A

Pressute Losd
Desdwerghi Load

Uperating Besis Earthquaie Lead

Thesmal Load

Basic Matec:al Allowa le Stress

Pipe general sivess Lo
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FAD -
TAD -

3i8-2 for Emergency ur Faulted Conditiovas, Secondary Strzsses
SAD need mvi be comsidered; therelore they ar: nol 19¢ luded .
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Presawre Ancheor Dispiscesent
Thersal Anchor Displacement
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TaBLE 2

PGB EVALUATING LOCAL PIPE STRESS AT VELDED ATYACHMENT LOCATIONS

Load Combination

b e i

P+ iYW+ OBE » TH -+ TR (9)

 eSSEm——

P o+ Dui o TH + SAD (Gak) (11

'0“9~'u0ﬂ(’)

e ———————————————

r«r-u-l-(<ol-<-tn(9)

See Hote selan:-

ang\zi!inm

£
N

- RS

to Code Case W31

Strasghi Pipe Section
Eloew Pipe Secti:om

- Pressure
= Beadwright Load
Ope-ating Basis Earithgquake Load
o Desige Basis Easthquake Load

Basic Material Ailuwable Stress
Pipe Eibow Leavial Steoss tevel
Pipe Elbow Gencsal Stiess bewsd

Lioad

I E—— -

Scismic Ciase | Piping Systems
La 2l Aliowable Stress
L amits for Estsblishing
Loas Capacaty
. A S
Prrmary &
Peamasy Secondsry fondition
1.2 5, S Sy oA
1.2 8, - X oA
- = -y - Briginel
HAL 3 Sy - -3 Sy
o e R s T Noima i /Upact
L IS -2
1.8 Sy - .5 5y NoAL
B - R Emergency
1.8 Sy - ¥ AL or Faulted
. e LSTIETEI—— ¥ - RESSS———
2.4 5 - -5 Sy AL
— e Qi e i e i Short Term
2.4 5 — ¥ o A (Structusal istegrity)

8-2 vnder Table ).

™

PAD
TAG
Sai

Thrust or Tramsrest
Preesere Anchor Displacement
Thermal Ancher Bisy lscement
Seismic Aacher Displacemest
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GENERAL CONBUTATION SHEET R . S e s | et |
- Y niteg enciees . ) g | e
- 272374l . %4
?J.: Crel - Brumewich WA _—
| e »
e RELeN G O v (M L < R b

Pipe total stress ot vealded attachment locations 14 composad of twe paits, pipe
gemaral stress and pipe local strwas. Pipe penaral streos results from pipe
(nteraal pressurs and wowent loads in the pipe.  Fipe loesl streee results from
Loads resctad by the welded sttachwant,

Allovekis pipe lecal stress at Che astariment L8 dafined to be the differvacs
batveas the allowable pipe tocal stress md the pipe genarel strwes. Allowable
pipe total stress Ls the allovable stress for the oparating condition bhelng
evelubtad =od pipe gemaral stress is the actual scress i» the pipe &t the cperating
condition as detarmined by computerized plping enalyeis.

1n what follows,allowable pipe local stress is docernined comsistent with that

of the piping code is effect st the time the plamt was built. This allowsd e
local strass i sompared with aliowabls local stress based ou fhe Watar 1961
rode Addends. Tor cowveniemce, allowable local stress based oe the Wiater LR
code Addenda 1a vefarred to as new wnd allowsdle local stress based om the piping
code Lo effect ot the time tha plant was built L referved to &8 old. Backgroued
and motivation for the changes ars ewplaioed Lo detadl ix Raferwace (M. Ia
pummary, the changes effsct oquation (1) of MC-3451 and oguation (V) of BC~361).
Lquations (10) awd (1) of BC-3433 do net change. Mew squations (8) sad (9) bave
higher allowsble (total) stress levels but require that Fipe pameral srress be
bawed upon B iadicss tostesd of lotemsiricetion factovs, L. Theass changes affect
Local sllevable wev-es for primary or structurkl intagrity eveluations | bowwrar,
strast Lisits for primary plus sacundasy eveluations de wot chamge (equeti~os 10

and L1).
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UPDALED FSAR

c) ASME Section VIII., Division i (pumps used in Croup C piping systeus)
USAS B)l.1.0 Power Piping Code was also used in the design 2f pipig and
valves outside the resctor coolant pressure bhoundary.

The allovable stresses for Croup A, 8, C fﬂ?_?,!ip‘"§_ﬁf'j§Pmﬂ!f’ 24 follows!

a) For carbon steel, the allowable stress values of USAS 8)1.1.0 were
used. For materials not covered by UBAS 831.1.0, the stress values of the
ASME Boiler and Pressure Vessel Code were used, as applicablie,

b) For Austenitic stainless stee., the allowable stress values of USAS
B31.1.0 were used. For material not covered ny USAS BJLl.1.0, the higher
strese values of the ASME Boiler and Pressure Vessel Code, Sect.on (, Appendix
A=24, or Section VIII[, were used.

Pipe wall thickness, fitrings, and flangs: racings are in accordance with USAS
B31.1.0, including adequate allovances for corrosion, a4s deiineated in the
plant piping specification, an¢ for erosion, according to individua! system
requirements, for a desian life of 40 years.

All piping including instrument pilping connecting to the reactar pressure
vessel nozzles was desigrned so that the nozzle to pipe interface load would
not result in stresses (n excess of the allowable material atresses. Thermal
sleeves were used where nozzles would be subjected to high therma! stresses,

The general design criteria of Tables 3.9.5-! through 3.9.5-4 applied to those
ductile metalli~ structures or components which are normally designed using
rationsl stress analysis techuniques, These structures include the pressure
vessel, core support structures, e'c. The cri.teria wocre also applied to rhose
components or structures whose ultimate loading capadbility was determined by
tests. These criteria were intended to supplemert applicable i1ndustry desian
codes where necessary, Compliance with these criteria was ‘ntended to pro.ica
design safety margins which were appropriat? "0 exiremely reliable struct ral
companents, when account was taken of rare event potentiaiities such as a DBE
or primury pressure boundary coolant pipe rupture, Or a combinration af events,

Many important Class [ components or equipment were not desizned or sized
directly by stress ana'ysis techniques. Simplified stress analyses wvers
somet imes used to augment the design of these components, but the pr.mary
cesigr work did not depend upon detailed stress analysis. Thes: components
were usually designed by testy and empirical experience. Complete dota:led
stresy analysis was not meaningful nor practical fer tnese components,
Examples of such components are valves, pumps, electrical equipment, and
mechantams, Fileld experience and testing were used to suppurt the desiagn.
Where the structural or mechanical integrity of components was essantial to
safecy, the components referred to i1n thege criteria were designed to
accommodate tha events of the DBE or OBE or a design basis pipe rupture, or a
combinarion where appropriate. The reliadility requirements of such
components would not be quantitatively described in a general! criterion
because of the varied nature of each component and its speciliic functinn in
tha system,

The seismic design was based upon appropriate static or dynamic analyses which
define the maximum seismic capability of CE scpplied egquipment. The dynamic

3.9.3+2 Amendment No. 3
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FSAR July 1975
Amendment 30
™e design requirements Yor gowe 2iving in Troup C, such as main stesm lines
downstraam of the ocuter isolation valve %o the main turbine stop valve, bduc
excluding the stov valves, are in accordance with *ha reculrements of ANST 831.1.0
and suoplementary requirements in *he Profect design specifications, namely,
full radiogeaphy of presaure weld joints.

The above mentioned systems in Grouvs A, B and C are designated as "critical

piping" for design, stress analysis, fabrication, inspection, crection, teiting
snd quality control purposes.

T e remaining portion of piping systems, {.e., in Group D, is in accordance with
ANST 331.1.0 and these svstems are designated as noncritical systens .,

Tables A=l and A-4 summarize the classi{fication of piping system and lists design
zuices for vlant ecuipment.

A.s.“l A st '
The allowable stresses for Group A, 3, C aad 9 piping des‘gn are as follows:

a) For carbon steel, the allowable s*vess values of ANST B31.1.0 are
used, Yor matarials not zovered “v ANSI 321.1.0, the stress values
of the ASME 3oiler and Pressure Vessel "ode are used, as applicabla.

%) For Austenitic stainless steel, the allowable stress values of AUST
322.5.0 are used. Tor materizl not covered by ANST 831.1.0, the
1igher stress values of tha ASVT “"oiler and -vessure Vessel "ace.
Section I, Apoendix A=24, o+ Zection VIII, are :sed.

202,02 Hall Thictmess

Pipe wall thickness, fittings, and flange vatings are “n 2ccordance with AxS' <:>sg;\w
321.1.9, including adecuate zllowances for corresion, as delineated in
pioing soecification, and for erosicn. 2zcording %ov individual sv

ments, for a design life of 47 years,

————— s—
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6. Setsmic/Nonseiemic Interface Aochore

Nesign loads for siesaic/nonseismic interface anchors
shall be obtalined as follows:

LD
k.
c.
d.
-
[BMD-ENGOO 1 08 &

For Equation |,
nv. = u'na
or
D'o v D"no " T‘o v T'no

Where the subscript "™ denctes the seismic
portion and "ns" the nonselsmic portion of the
gipe.

DW = Dead Weight
TH = Thersal Forces

For Equatiom 2,

R

DU. . ow.‘ - TI. + JOll. + ZOL. + leb.

Where CL = Occasioual Li-ude

SSD = Loads due to Seismic Displacements

For equation 6,

DU. . own. + TI‘ - TI.. ‘ Jbll. + ZOL. “+ zssn.

Note: The first two supports on the
vonseivmic side of an anchor must also
function as lateral restraints but
will be classified as nonseismic.

In addition tu the deeign load criteria given in

8. through c. above, one of the following

criteris must be met for seismic/nonseismic
interface anchors:

1 = The interface anchor will be designed to #
bending moment that causes initial ylelding
in the pipe.

or,

1i = Tw (2) vay restraints shall be designed on
the nonseismic side of the interface
anchor.

RECEIVED

LN | 8 NEQ 7.2.A-59

.~
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L0 rumeoss

The purpose of this document is to provide Evaluation Acceptance
Criteria for existing pipe supports at BSEP Units | and 2; /.4 provide
design basis for modifications to existing pipe supports and/or
designing nev pipe supports for existing piping systems,

T™is Criteria applies to Piping Systems Analyzed under Piping
Design Criteria 7865,007-8-M~020 only.

2.0 W OP]

2.1 Evaluation Acceptance
Supports, support ¢ mponents, and supporting structures will be
evaluated to the extent necessary to determine the limiting part
of the suppor: as follnwe:

2sdal All supports with increased analysis loads will de
evaluated to determine their capacity by either Pmax,
{paximum allowable load) ot computed stress methods.
Evaluations will include those evaluations r“quired by
Para. 2.1.3 and 2,1.4, as appiicable.

2:1.2 For v's  rts with vev analysis loads equal to or less
than previous loadings only those evaluations necessary
to satisfy pacagrapha 2.1.) and 2.1.4, below will be
made as applicable.

2.1.3 All supports loaded ia torsion or inducing torsional
loads to supporting wembers will be evaluated. See
Study Report 7992.001-8-M-038 “"Effects of Torsional
Loads on Angles and Channels f{or Existing Supports”.
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2.1.4 All supports containing concrete expansion anchors wvill

be evaluated to confirm anchor and base plate adequacy.
2.1.8 Pipe intersections are eveluated under Pipe Stress
Analysis and are therefore not addresned as pipe

supports,

2.2 Design

"

241 Desizn all support modifications resulting from li
evaluations undertsken for Project Procedurs CPL-PP-0!
and identified as "Short Term Fix" -r "Long Term Fix"
and sny additional sipports as required by analysis for }:
all lines evaluated under Section 2.1.

[
»2
L

Establish the minimum dosign requirements for v
wodifications of existing supports and design of newv
supports ‘n existing system for modifications performed
outside the scope of the 79 IE Bulletin work, (Note the
overall ilmpact on systum design should be carefully
consideres and the results documented before
implementing any design requirements :hat are consilered
more conservative by todays standard¢ to new work unless
the more conservat.ve design basis is applied to the
entire section of the system in which the modif cation
is being ladaﬂ) The boundar.es of such system section to
which the new design requirements «re applied shall be
full $-vay anchors.

3343 “"Non-~Safety” support systems may be designed using this
document as guideline,
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ACRONTNS /DEYINITIONS

NRC = Nurlear Regulatory Commission

SDE «  Supervising Discipline Enginerr

AlISC -  American Institute of Steel Construction
ACI « american Concrete Institute

8TS1 ~  Short Term Structural Integrity

Snubber = As used in this Criteria refers to Hydraulic
Piston Devices designed to resist seismic and
or Shock Loadings only.

Support = As used in this Criteria refers to any device or
component designed to support or resist the
following loadings:

Lia Seismic
2, Dead Weight
- 1 Thermal

b, Transient
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The following Codes, Procedures and Specifications are to be used as

the basis for Evaluation Acceptance and/or Design Criteris except &

wodified within this document,

4.l

4.2

4.3

4.5

4,6

4.7

6.‘

USA Standards Cosmittee
Power Piping Code
USAS 831.1 ~ 1967

Aperican institute of Steel Constructinrn
Manual of Steel Construction
Saventh or Eighth Edition®

American Welding Society
Structural Welding Code
AWS D1.1+79

-
Pipe Stress Reanalysis
Doc. No. CPL-PP-0!

Specification for Pipe Supports
Spec. No, 9527~1-248~-15, Rav, §

Power Discipline = Technical Bulletin #7
Concrete Expansion Anchor Bolts
Used With Pipe Supports - May 2, 1979

American Concrete Institute
Building Code Requirements For Reinforced Concrete
ACI 3l8-71

"ASME" Boiler and F essure Vessel Code

Section 111 Sub<-Section NF 1977 with Addenda thru Summer 1977
*Either edition is acceptable, Both editions have been
referenced in the calculations.
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Support design should be consistent with the
requirements of BSEP Spec. 2648-107, This specification
covers fabrication and installation/inspection of

seismic pipe supports.

All support modifications and additional supports shall
consider the effect of the support loads on the
supplementary and building steel as applicable.
lavestigate for additional (other) supports, equipment
providing losd to member, and any dead loadings that may
be concurrent with support loadings.




DETAILED REQUIRENEWTS

shall ¢evaluated

ACtachuent

Pipe Local Stress act

as folle

be def

\ned

Integ

ral: LUg ) e

d

Q

5 an

rarsferring
ure
pipe

iups need

ANTess §sL0

stanchi
loading
fsee Attachment

not

ons velded

a

from pipes

A" ahear

be evaluated fo

;e application o

pending stresses

compo

-

n-raterson

-

gentec

"~ -

nents

1 ariia
SR LSS

W -~

applicatio

ed

all




$.2.3

50205

Report No., 7865.007-8-M-021
Rev. |
Page 10 of &4

Published vendor allowebles for non-integral attachments

are based on a specific design temperature. Increase of

published allowables is permitted for temperature

below the specified design temperature,

{.0., P allov = P allow @ V.5.7. x (Fy @ actual temp. J
(Ffy @ V.5.7, )

V.u.T. = Vendor Specified Tamperature

$.2.3.:1 All mate .s.» isted by the vendor for a
smezifi. * . .ard support shall be considered,
such that the smallest increcse based on yield
strengths will be used,

§.2.3.2 This increase may not be used for springs,
snubbers, struts or parts in which there is a
compressive load because analysis of 2/J

critical buckling would be required.

Hydraulic snubbers shall Le evaluated on the basis of
Bergen-Patterson confirmed allowables listed in Figure

1. Caleulation 9327-9-9$85-12~F, "Snubber Component

Capacity” evaluates individual snubber and strut

components and standard EAl and EA) attachments. This
calculation demonstrates that, with the exception of |
off-axis clamp applications, capacity i- ‘ontrolled by
relief valve for snubbers and rated cape .ty for strurs.
Individual qualification of thse components may be

neglected in support qualifications. i

Structural members provided as component supports shall
be evaluated in accordance with AIST as modified under

Section 6.

Large l‘v,rltiol (» 200 but not mere than 300) may be %
accepted if the stress level is significantly lowver
than at 200.
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{Continued)

Evaluation of angle support mempers for bending may be
based on limiring allowable stress Fy to be equal to Fy
at the appropriate &g{ in lieu of bi-axial bending
calculation,

Existing fillet welds shall be evaluated on the basis of
stress. Lack of AISC minimum fillet weld size tor a
given member thickoess shall not be cause for rejection,
All new welds shall be per AISC,

(Deleted)

Unless othervise specified, all welds shull be evaluated
based on the use of E70XX electrodes.

Supplementary Support Steel shall be evaluated in
accordance with Al1SC Cade as modified by Section 5.

Supplementary support steel ias defined as those
syructiral members ¢ wave been provided f r the
primary purpose of . ¢ cing pipe, See Figure I for

example of jurisdictional boundary.

Take speciazl note that on this project most
miscellaneous steel shown on structural drawings is
desizaed for the supporting of piping. Therefore, if
styuctural members unde consideration can not be
defined by investigation to be integral to the "building
structure” they shall be considered 29 supplemeutary

support sceel and evaluated as vequired.

(Deleted)
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Vendor Non-Catalog Components

Non-catalog components supplied hv vendors are
acceptable for use provided capacity and application
conditions are confirmed by vendor or confirmatory
calculaticns provided; and controled procurement,
fabrication, installation &nd inspeccion can be wssured.
Examples are: special FA3 clamps, U=balt pipe clamps,
structural attachments, etc.

Special Design Componens

Non starcard special components may be designed and used
for unique applications; ov in some cases, typical
applications, provided detailed desigr calculations are
provided; and controlled procurement, fabricatiom,
installation and inspection can he sssured. Evamples:
Sergen-Paterson Internal Clamp I.P.S. Dwg. No. B2010QV, ©
"United" pipe strap (tight) Dwg. C-21.0,

(Deleted)
Anchorage of Base Plates shall be evaluated based on

"UNITED" Power Discipline - Technical Bulletin #7, dated
May 2, '979.

NRC Bulletin 1E 79~02 caused re-evaluation of anchorages
uszing ITT Phillips Red Head Snap-Off Self Drilling
Anchorer. These anchors are comonly idemtified on
detail drawings as Bergen-Paterson catalog (No. 66) part
no. 511 or 512,







Lgure

enbedaents,

\uteraction shal

inearv




mponents are

These values may be used as the b

calculation under

aps
Allowah le

pplications are pro

leg were develoned
subsequent link-

logdings




6.0

ACCEPTANCE | (NITS
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Pag: 16 of 4&

The final luad to capacity ratic (L/C) fou any support component

should not excaed the following for crndition evaluated, i.e. upset,

ewmergency ot faulted, or

short term structural integrity (STSI).

support found to be unecceptsdle for upset or emergency or faulted

conditions but is acceptable for short cers vtructural integrity

requires a long term fix,

Any support that does not meet STSI

requirements should be considered to be a “"potential"” short tevm fix

and immediately ptisented to the Des.ga Supervisor and/or the 8%E for
submittal to ths Reviev Committre (Refer to CPL-PP-0l for Review
Conmittee Responsibilities),

6.1

o
o

Upse”

It

Snap-off{ Anchora
Seismic Snubbers
Structural Steel Members

Factory Supplied Componeuts

Emecgency or Frulted

Lewm
Snap-2{f An/hors

Seismic Snibbers

Structural Steel Members

Factory Suppiied Components

Limit (L/C = 1.0)

(Sea Emergency)

Vendor Confirmed Allowable
AISC or B31.1 Allowable as
Applicadle (Ref, Fig.
for Boundary)

Catalog Load

{mit (L/C # 1.0)

1/% Ultimate

Venasor Confirmed Allowable
1.5 ALSC or 1.2 x B31.1 as
Applicable (Ref. Figure 2

for Boundary)

1.2 x Catalog Load; or 1.3) x

ALSC if detailed calculations
are performed in accordunce
with AISC.

Aay
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Spring Supports

Constant snd variable springs are desd weight supports oaly and
are not considered in the seismic analysis. Therefore, they will
not b¢ evaluated for MRC Bulletin 79-07 (Seismic Reanalysis)
ceviews. Evaluation of spring support anchorage, baseplate and
snap-off anchors, is requirad per NRC Bulletia 79-02 if the
support is so designed. This does not require evaluation of the
support compouents other than the base plate and anchors.

Spring supports will be svaluated if for any reason dead weight

and or thermal re-snalysis produces load or displacement changes,

$uubber (HSSA) and Srrut (R38A) Supports

Particular cers should be taken to determine the actual .nstalled
orientation of snubber aad scrut type supports since devietions
from the design aralysis orientation may result in signilicant

changes in pipe stress aad/or support loads.

Angular cdeviations in excess of 5% should be brought to the
atzentisn af tha Senior Stress Acalyst to avaluate the effect on

the Pipe Stress Analysis.

Cheek of Swing Angle (Support Travel Arc) was accounted for in
the original desiga., Standard installation cequirements allow
Yor at lesst 1/2" slearance. Therefore, check of swing angle is
required only whan the reanalysis yields significant additional
thermal displacements (1/2") or the support location changed from
the original design.

"U-Bolts" (Loose and/or Tight Conditions)
At the outset of the support svaluacion effort, U-bolt allowable
loads a8 shown on Figure 4.1 were used for acceptance criteria,

1t way then detarmined that these values were excessively
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7.5 "U-Bolts" (Loose and/or Tight rond ' tions) {Comtinued)

conservative in shear (side loads), Therefore, in lieu of values
shown on Figure 4.1 the Allovab . Loads as show: on Figure 4.2

vere adopted.

No re-eval.ation of the supports evaluated under the sarliar
Figure 4.] criteria was required becauss the Figure 4.1 criteriz
vas more conservative,

U~bolts have been also used as exial and or rotational
restraints. These non-standerd applicaticny were accepted
provided that the U-bolt is tight and the following conservative
limitations are not exceeded.

a. Axisl: Limit to 25% of Vert. (temsion) aliowable. This
load to be additive to cther tensiocn loads.

b. Rotational: Limit was based on the tension allowable for
the U-bolc{s). Tight "U" bolts provide torsional resistance
Secause they act as friction clamp devices, The designer
should translate the pipe torsionai load to a "U" belt
tensior losd. The designer should ensure that slippage loes

not occur dased on a friction factor of 35%.

Subsequent project calculations confirm the above limits and
approach to be conservative. 3ee Zal:z. 7579-144-8-88-71 {Rev, 01
tor confirmatory evaluation., Figures 5.! thru 5.6 are hased on
this calculation and ashall be used to evaluate tight U-bolts

conforming to stock sizes and geometry shown.

7.5.1 In the eveat tight "U-bolts" of other stock sizes are
encountered, they shall be evaluated in the same manner

as the "U-bolts” evaluated in Calc. 7579~144-8-88~71.

7:9.3 lLovse "U-bolta" shall be evaluated on the basis of
vendor published data for the "U~belt" used if they are

other than standard stock sizes as shown in Figure 3.1,

-
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4 rl

Use of Bergen-Paterson standard EAJ pipe clampe in off-axis
applications was determined to be acceptable as qualified by
Calculations 7$79-032-8-85-59~F and 7579-144~8~85~74-F,

See Figures 6.1 thru 6.7 for Detniled Criteria used in evaluation
of these clamps as extracted frow Calculation sets 7579-032-8-58-
59-F and 7579-144~8-88-74~F,

Other clamps are to be evaluated .n accordance with vendor
information.
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TABULATION (SUMMATION) OF SUPPORT LOADY

9.1 For first level evaluations all loads shown on the load on
support sheet shall bde tabulated to reflect the maxicum

o~ ‘tulated load for a given sign (+ or =) of load.

9.2 Dead weight, when present, shall always bde included in summation

with its giver sign.

9.3 All seismic and transient loads shall ve considered :c have both

+ {positive) ana - (negative) signs.

9.4 Therwal loads shall be considered with its given aign exce,.t that

it shall not be used to reduce the maximum load summation.

9.5 The above (Items 3.1 thru 9.4) provide conservative summation
results, If support evaluation based on this summation method i3
not acceptable, an alternate summation considering the sctusl
loadings for pasticuiar analysis conditions (ca es) mav be

utiliged.

9.5 Load combinations for structural anchor supporis at analysis
tarminations, within safety systems, shall consider tha loads
from the analysis on hoth sides ¢ the anchor using the following
method.

a. Seismic or trans.ent loads from both analyses tn he combined
using square roct sum of squarus.

b. Deadweight and/or chermal loads from both analyses to be
combined algebraically (with signs).

e, Final summation afcer 9.6.a. and 3.5.b. to He same aa 9.!

thre 9.4, above.

3.7 Load combinations for anchors or supports at boundaries between

safety snd non-safety reiated portiqny of systema sre addressed

by S.udv Report 7992.001-8§-M-Q34,
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5.8 Application of loads on supports in an analysis overlap zone are

addressed by Study Report 7994,.001-5-M-037.



Report No., 7865.007=8=M=021
Rev, |

Page 26 of 44

FIGURE 1

HYDRAULIC SNUBBER A£k°"£3§§ LOAD
(Bergen-Paterson Model "HSSA

With Standard Relief Valve Spring i
Allow. | i (

Max. | Normal Operation Upset Eme rgency DBE | @ Max, Pin |

251/252 or Faulted | STSI } To Pin Dim., | |
Model OBE DBE _ . (Model 252)
HSSA-3 dyewit 3,9204 3,920¢4 4,500# g T'=2" l
HSSA~-10 10,0004 13,8008 13,8004 15,0008 §'=7" l
HSSA-20 20,0004 23,6004 23,6004 30,0004 6'=4 l
HSSA-20 30,200¢ [ 37,6004 37,6004 25,0004 6'=6" 1
| |

Ref's.

|. Bergen-Paterson Letter, H.R. Erikson to R. Anzalone of 6/1/79, VU=91087
2, Bergen-Paterson .etter, H.R. Erikson to R. Anzalone of 6/20/79, VU~-91058 »

{DRAULIC SNUBBER ALLOWABLE _OAD

(Bergen-Paterson Model "HSSA")
With Heavy Duty Reliet Valve Spring

Allow. | T
: Max. Norwal Operation Upset |Eme rgency DBE i ? Max. Pin
|231/252 jor Faulted STSI To Pin Dim., |
| _Model 0BE | __DBE | (Model 252 |
! 1 ;
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fIGURE 3
A

STANDARD EMBED PLATES
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(Superseded by Figure 4.2)

The following critaris shall be used for eveluscion of U-Bolts for
the Upset Coudition (Carbou Steel)

Newioal Dine dike Isnaicn shesr
1 4%0 170
1k 1,2% 390
2 1,25 290
2% 2,350 10
3 2,400 470
3 2,450 400
B 2,450 150
s 2,500 280
B 4,000 a8C
8 4,080 330

10 6,100 480
12 8,500 840
1A 8,350 570
16 8,600 500
18 11,300 560
20 11,350 §90
% 11,400 490
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FIGURE 5.1 of 3.6
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FIGURE 5.2 of 3.5
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FIGURE 5.3 of 3.8
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FPICURE 8.5 of 3.5
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FIGURE 6.1 of 6.7
TA v bl

Bergen-Paterson (Standard) EAJ Clamps

Evaluation for Axial Loading
Axial Loading is defined as load applied te clamp vithin a 129 cone
of action relative to the major axis of the clawo. That is, 2 60

about Pv as ~hown on Figure 6.2,

Evaluation shall be based on Pv allowable, for condition indicated, as

shown in the Taole preseried on Figure 6,2,

Evaluation for Off-Axis .onding:
Off~Axis losding iy defined as loads applied to clamp at an angle of
greacer than 6° relative to the major slamp axis, That is, any angle

sote than 6° from the Pv axas as shown on Figure 6.2,

Comprite Pv and Ph components hased on snubter/strut analysis load and

angle of application.

Compute load to capacity ratio (L/¢) for Pv and Ph component loads
separately using Pv max. from Table on .igure 6.1 and Ph max. from

appropriate table on Figure 6.3, €.4, 6.5, or 5.6

Plot ¢v 4nd BPh L/c on graph provided on Figure 6.7, Determire intersecr
of Pv and Ph values; i{f result is within curve shevn, clamp is adequate
for load. 1f result is outside cvrve shown then clamp sust be elther

replaced or evaluated as acceptable by an alternate appronach.

Ph max. allowables shown on Pigures 6.3, 6.4, 6.5, and 6.6 presume the
presence of pipe lugs ac clamp., If lugs are not present the condition

must be evaluated to ensure slippage do0e3 =net occur,
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FIGURE 6.2 of 6.7

Bergen-Paterson (Standard) EAD Clamp
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FIGURE 6,7 of 6,7
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Guidelines for losd combinations snd stress tllowables addressing lug
sttachmant design verification lor Se.emic Clase 1 pipe are presented in
Table 1, The guidelines are consistent wiith the sriteria of the piping code
in effect At the time that che plant was duilt. A specific code criteria
addressing this subject was not available during the plant design phase. To
fut ey fecilitate the initial evaluation to identify those pipe attachments
which may require modification, the above guidelines wvere simplified as
ghown in Table 2. Configurations va {dentified sra referred to as potential
fizes (potential because of consers tism inherent in the design puidelines
of Table 2). Thewe conservatisms arc!

(a) The load combinations used for evaluating primary

structural integrity include thermal load and

(b) The gene:.' oipe «rrpss level is considered to be no
larger thaon > sreaight sertions of pipe and

no Larg. ¢ than 0.7% 8y for elbow pipe sections

In ftem (b) valurs selected vere based upon a random sampling of stress
levels av st=aight and elbow locaticns in the system,

The potential fixes identified using the guidelines of Table 2 are re-
evalusted per the guidelines in Table 3. The guidelines in Table 1 are
based upon vecent (Winter 1981 addenda) changes in the ASME Code Stress
limits. Adoption of these changes do not violate the plant code
requirements. Background and motivation for these changes are presented in
detail in Reference 1. The changes were considered essential since the
intensification factor, i, in the original piping equations is not
appropriate for describing limit load behavior. Sinze the changes are based
upon the principles of mechsnics and aot upon material cevtification or
additional inspection requirements, the changes are judged to be applicable
to all plants old and new. Dased on the methods presented ia Attachment &
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TABLY 1

CUIBELIMES VOR EVALUATING LOCAL PIPE STRESS AT WELDEP ATTACHMENT LOCATIONS

Seismic Class | FPipieg Sysices

ot

local

Alloweble Sirees Limite for Operating Condilion

OPYRATING LOAR
COMDITION COMB I BATION

s
Original PU + OBE + TR
Normal/Upset B + TH + SAD (OBL)

— ——— —

Emergency ef
Faulted

SRS

DW + DBE + TR

Short Terws

INTECRITY LINIY

-

PRINARY PLUS
SECOMDARY LIN'T

o RS S

i

1.2 8, - Op NoA
e B S i o oL ,
N.A. 18, -%p
e ———— e et e e
1.8 5, - Op N.A.
_______ - e
2.4 S - B2 N.A.

Per ASME .ode Case N-318-2 for Emergoocy or Faulted Cosditions, Secondary Stresses

Q 93&8‘ g

- Pressure Load

- Deadweight Load

Opersting Basis Earrhguake Load
- Thermal Load

- Basic Material Allowahle Stress

TE -
PAD +
TAD =

Thrust or Tramsiest
Pressure *achoer Displacement
The-mal Anchor Displscement

TH, PAD, TAD & SAD need aut be comsidered] therefore they ares sot included.

SAD {DBE}- Scismic Aanchor Displcement

o vipe general stress level 3* attachesent

locst.on for indicsted operating condition

as determiacd by computes

anatvsis ul prpe

live with appioprtaie stress otensification foctors.

* ARy

120-K=86~L00"'C98, 93 V Jvsuyaeily

!

¢ 30 [ wawy

-



TAMLE 2

CUIDELINES FOR EVALUATING LOCAL FIPE STRESS AT WELDED ATTACHMENT LOCATIONS

Seiemic Class | Fiping Systems

| Local Allowablie S ress 1
Limite for Estadlishiag
Loaéd Capacity
I Primary &
Load Combiwation Section 2 Frimary Secondary Coedition 1
e SR it mcpsnas S .
P o+ DV + OBE «+ TH ¢+ TR {9} 1.2 S ~ .5 5 LI
1.2 8§, - X 5 A
S ST : - - S — Srigiaal
P e DM+ TH ¢+ SAD (OSE) (115 N.A. 3 Sy - .5 Sy
e T e R & ““’“T' =T - Eormal/pset
N.oA. 3 Sy - X
SRS e e et e el 4
P+ W+ DBE + TR » TR (9) 1.8 Sy - .5 S WAL -
e et e - e Eavrgency i
£ 1.8 3 - ¥ oA or Faulted
TRESOE e A e PR =S A A
P e DM+ DBE + TH + TR (97 [S 2.4 S - .9 S NoAL
S SRS SIS . Shert Torm
13 2.% S - XY [ N.A. (Strvuctural integriuy)

See Note relative t~ Code Case N-318-7 wader Tabie 1.

-<u;:§§zwnv

Straight Pipe Section

Eiow Pipe Sectiom

Pressuvre Load

Deadweight Loed

Operating Basis Earthguake lLoad
Design Basis Eartnquake Load
Basic Matcrial Allowable Stress
ripe Ethow Ceneval Stress level
Pipe Elbow Cemeral S5tress Level

TR

PAR
TAE
SAD

IS
-I5

- Thrust or Tramsient

= Pressure Anchor Drsplacement
Thesmal Anchor Pisplacement
Seismic Anchor Bisplscemeat

55 (Kormal “Upset)

5y, (#bnormal & Short Term}

rARny

120*R=§=,00" 698 ©) ¥ JUIWIFIIV

1

§ 30 v vy
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rotal stress at vealded attachment locatiuns is composed OF TVE
general Stress and Pipe LOCRL STTEAS Pipe general stress resuits fre
aternal pressure and momant losus e The PADE Pipe locel stres’ Ueaults

Loads reasctad Y the ve.ded & Lachunenc

adaOvable pipe loca; ST 28 S the 4ttachnent L8 definegd to bs the diffarnuce
setvees the allovabie pipe total stress 4nd the Pipe gEnETal slTens Allovabis

ipe total stress 48 the ALLOWAD.N SLTeEA for ¢t} o condition deing
valuated and nipe ganaral SCTess 15 The ACtus. - } th (P& AL tha operating

sndition as determined by computeariy ’ N Ane.Y

rernined congistenmt witl
vas bu
stress vased
‘a8s based
4] stress based
refeived 10 AS
the changes EXT I ALD in ail Lo Rafarence
sumrary, the changes effect equ o (f IC«3652 and equation

Foauations (10) mad 1) of NC-1651 do not ¢ Nev sguatious

nigher allovable (tonal) stress levals but require that pips general Strass Oe

sased upon B indices instead of intensificsation factors, 4. These change, alfect
loeal allowvable stoess for primary or structurdl Ao sqrity evaluations; hovaver,

stress limits for prisa~y plus secondary evs wations 40 5ot chauge (GQUALIOLS
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\ttachment ! B aAges
FORN e
MEMOIAND U M
' é:—j Nited eNgINEErS « crwwows re
- Mo $702.001 Orvick "iladalphia
Qurr Powar Lagloswrioy Qare May 2, 1979
Te pistribution Com ey G. B. Sarstas
L. K. Bboar
G. Mgsmoatl
L =T s. L. Baaton
LW g Pover Disciplios « Techaicsl Bullesia #7

congrets Lrxprasion Anshor 3elcos
Jeed vAsh DiRe SNRROTEd .

tacantly & oumbar of scructural fallures of pipe supports vhich use
oncrets sxpansice anchov bolts Bave Deen TepTIM. lovestigations
(ndicats that dasign of base plates using wigid placs assumptions dave
rasulted L8 undaresscissting loads on soma anchor Bolta. 1o addition,
& largs mumbar of anshor DOLIA 4T FOWA PLARCE JAVe proven to be defis
ciaat (L.4., the concrets anchor bLOLLs vers 0ot Lostilled proper.y

A vide range of dasign prastices and lustallation procedures hEve
conlributad 50 Lhe Sresant situation, This techaical Bulletia proe
Ti4AS AL ADPPTOALE O AaTure A r".‘crvus soutTULs At rerilication
of the Lastallation 2f Che DO LLN,

atcachment #7A gives the cowmpany positiocn regarding the selecti.e of
SOBETILA AXDANILO ANCROT 0LLs used WLIR pilpe FUPPOTTI And ALTAcA~
sent #78 provides the dasign critaria [or e 3aLeCiion Ana Jae

Laase YOLL8.

o8 4

G E. Hansoe
hief Pot»r Laginear




PR 2Tk
A I A

CONCIETE TXPANSION ANCHCR SOLIS
e JSER VIIE PI2E SUTRCRSD.

To the seximem extent possidble, pipe JUPPOTT COMDAGELIONS L0 JUPPOTILAG LOBETECA
structures should D0t use CODETAts exXpaAnsion sighor belta. Whars conerscs
expansion sachor bolts are requised, they should be of the wadge Or sleeve YPe
design. le“nmntwbtmuxmm:

() MW.&M.“M!“O&I
the fiald.
o | (b) They are sore suscaptible to fallure due o
(mproper Laataliacion.
(2) They ire sers prous o dritsia type failure
{L.4., they sxbibit & load/daflection curve
vith ouly & small smoust of deflectisn before

failure 42 coupared (o the wedge type Anchors).

e caloulation of anchor bclt design losds shall consider the effscts of Sase
place flexibilicy.

lastalletion of concrets expancios Ancher bolts shall lnclude bolt pracensiocnisg

to meet cycliog load requirements. Constant spring veshars are recommended o

order to control tha smount of pretansioning.

Laveling mets should be svolded as they de not allow for propar pretassioning.

.1.



BESIGH CRITYRIA FOR CONCKETE LXIPANSION ARCROR

Selection of the type asd size of conarets expamaion sschor bolts depends

upon memy design factors such & suppert base place design, warbod of

caloulacing the anchor belt loads, ancher bolt losd-carrying capabilicy,

snchor bolt -od serport Losiallition requiremants, ete.

A design spproach walsh a“nuub the sbove consideracions La provided

narein.

SO ARYTRAME

Ao

Bacs Uacs TIeKRRALLSY

Computation of apeher helt loads i affected by che base plate flaxis
piliry. The base plates aay be asesidared o &3 either rigid ov
flaxible sccording to the followiag defiaition:

4 Sass plate shall be assumed rigid Lf the usscif-
‘ened discsnce betwees tha wember walded to tha

pmoummotmm’wumzm
nqu&uwtummoo!m’uu(hl-

erense USA WAC IX Bulletia 7901 « March §, 1979).



T’m. ‘Hli.

A

Sase llags Mlexidi ify (Seat'd)

a+h g it a.,b,t showa La Figure 1)
A base placs Lo assumed flexible L2

a+*hP 2t
n Tigure L

Bass platas and supporting concrets structure designs muat de

reviewad to warily sllowable nioimam sdge distance.

The witimate pulleout loads are based on conm pull-out (7pe
of fallure and Cierafors, minlmue edge distance must da aalge
taload., Allowabls losds must be reducsd sccordiog o samue

fscturars’ specifizacioos vhen aiaioum edge distances are 2ot

L

e o cons sll-out type of fallurs, niolsus discancs betwean

bolt must bhe malncained .

Al losmhle anchor specing L9 specified by the anchor sammfscturar

o sexisns clloweble tuvees most be aduced Lf the sinisum

fpacing canpot be mat,
ARchex Dolt load Caleuiatien

Figare | shows & typior ! pipe suppevt base plate/anchor bolt
configuration A reecs dead zpprosch wilch gives consideration

-’0




Powar Discinlipe Terunicss Biiafis A |

Apchet Sol: lond Calsmlagies (Comc'd)

tn the base plate flaxibilicy and the tansicn~shear saturs of the

bolt losding i providsd balow:

u

Anchor dasign tansion and shear loads.

Momant, shasr and axial forcs
the commactiion.

tiag om
Susber of tansion anghor bdolta.,

Total mmbar of anchor Solts,
Index to L{descify dase placs flexibilicy

(L =1 rigid, L=2 saxible

Fagtor to acam 9% prying sction for
given place fle.. .ify.

(X, = 1,0, ql. 1.2)

Homent Ars

“1 o Lloa distance between

{80t o axceed 5:




Aasher Bolt leed Calenliatien (Cest'd)

thare the counsction La subject U9 piaxial loading, tha afore~
santionnd SpprToach Wast ba TepeAtsd for the othar principal

plana and tha absoluts sum of the dolt reastions sombioned ,
s .4 b

Tor sach expansion anchor used, tha design tansion load shall
be lese chan or squal to the Maximes Allowsbls Desige wad MADL)

™he MADL is dafined by:

whares Tu (8 thae ultimates SCACLC CApASLTY of the sachor bz ¥ oo

sarmufaccurers’ static tast for tha applicable strengta of conarate

and SY Ls the appropriats safacy factor based on tue TYRe af anchor
ST for vadge and 1 leave TYDe ADChOTY

§¥ D 5 for shall tYPe Anchors

han both shasr snd cension act on thae ABchOT, & SCTALEhL

shasc~tansion lntersction wist De Assamed &8 follows:

ks & wube
s ¢ Ya 1.0

e o Dasign tansion fovcs
MADL Lia tansicn
Design shear fovecas

MADL La shaar




Eienaionian

ALl erpansion anchors must ba pracansicnad to 4 load, To, 20C grastar

chas w0 but 20t leass thas ons~and~a-balfl the ssximum allowebls design
load, L.e. (1.3 MADL £ To § 2.0 MADL) to mmat cycling load requiremancs.
This precansion force To, msy ba 4py led Yy & torqua devica, tassion

device or & constant load wvashar, If (s recommeanded that ths constant

Load wasbar ba saed for tha following rassons:

preload tassiscu L assured Yy proper vashar selaction,
Preload tansion L4 malocalaes after Lostal'ation,

Ease of ‘sspection o verify prelosad tansion.

sases vhare shall type aschors have bean used, assurancs should

be obtalned that the shall Ls sot Lo concact wvith ctha Sack of the
support placta prior to applying the prelosd tamaion (L.e., L/ L6
below the surface of the concreta).

1o casas vhare 4 leveling sut bas bean used against the dack sida

of the suppert plata, the preload tansion should scill be applied

ts enoure that thy anchor hold~down out ressmins tight during cyellic

load Logs .

Lisdicad dynamic thsts are svoilable whiich (adicata that the scatic
capacity of cha shall oy whor L9 sssantially unaffected by

dyoemic loading, These tasts wars performed without amy lafrial




s : q Gk A "

. Dragsmaiosizy (Come'd)

preload tamsion. T oach tasts mEY De used A8 Jus” sacion thar tae

shall type sachor have “Be capadilily o withactand cyclic lendings.




CAROLINA POWER & LIGHT CO.

FILE NO.: 418 TELEPHONE CONVERSATION MEMORANDUM SERIAL: BESU/T-#% 1

-

Between of CPsL and G KIMSEL _of _LEC
DATE: 4-29-87

_prosEcT: | PID IS4
WELDED ATTACHMLMUT SALET WE. “UWFORCL) TIME:FII0 AM

SUBJECT:

wessace, TUCKER MARTIN OF CPeL D(SCUSSED  FILLET wELD
CEINFORCEMENT OF WELOCD ATTACHMENTS W ITH
cINSEL . TOHN ALLEN AND TC. OF JEC. FALET
WELD FEMFORCEMENT HAS MOT BEEN TAKEN ‘
CRiDT FOR (N EVALUATIAIG LOCAL PIPE STRESSES
son BRULSWICK AT UES. FILLET WELD RE/NFORCEME AT
& GENERALLY NOT REQUIRED ROR TWE AMALNMENT
LUGS PERFORMANCE A4S A SUPPORT 45 LONG AS
THERE. 1S NO REASON TO SUSPECT THAT THE wummw&
| CRODUE WELDS ARE SUBSTANDARD. UMOERSIZED

| FILLET WELD REINFORCEMENT SHOULD, HOWEUER, BE
ADDRESSED ON A CASE 8y CASE B8asis FoR& THE
PIDE SUPPORT FUNMCTION ©OF WELCED AT ARCH0.ENTS.

}l‘.‘ W ¥ ,J; -'% ut‘(j}\ )

v
W -2
3
Action hquiredg Yes &No By Tizklsr DEtS cansmsuems
ROUTE TO:@M_ D D G____ D File |
CoPY TO: s [ Ram g‘,...g xf i g




ATTACHMENT 4

DIESEL GENERATOR BUILDING
F.OOR PLAN FOR ELEVATION 23 FOOT
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ATTACHMENT &

CONCRETE MASONRY UNIT TEST RESULTS
BRUNSWICK STEAM ELECTRIC PLANT



k¢ RETYPED ~ ORIGINAL ATTACHED w##

. PITTSBURGH TESTING LABCRATORY

«aboratory No. 33§87
Order No. DH 809

Report No, 2
May 5, 1972
CONCRETE MASCNRY UNITS
Type Unic: Expanded Slate 2 Core Hollow Load Bearing Block (Snowden)
Mfg'd By: Adame Ccncrete Products Companv, Fayetteville, N

Sampled By: P. Te L. un April 27, 1972

Reported To: Ad:ms Concrete Products Company, Fayetteville, NC

Neminal Size: B8x8zxlé6 Inches Minimum FPace Shell Thickness: | !’4 laches
Dute Made: Unknown Date Received: 4/27/72
Date Tested: 5/2/72 Age of Test: Over 28 Days

Sample "P" Blocks Sampied from Plant
Sample "F" Blockes Sampled from Fie . d

‘ COMPRESSIVE STRENGTH
Spec. (4/28/72) SIZE * & A INCHES Gross Area Total Load Unit Load
No. wt-. Lbs. ki‘ht Width ‘u.“r"'}. Sq. Ins. 1hs. Lbl./Sg. in.
P-1 26,19 7-5/8 7-5/8 15-5/8 119.1 195,000 1640
pP-2 25,42 1~5/8 7-5/8 15-5/8 119.1 190,000 1600
P=] 26,00 7-5/8 7-5/8 15-5/8 119.3 160,000 1340
P=é 25.89 1-~5/8 7-5/8 15~5/8 11%.1 185,000 1550
P~5 25.67 7-5/8 7-5/8 15-5/8 119.1 173,500 14672

Physical Requirements
Compressive Strength
Lbs. Per Sq. In.

AVERAGE  MINIMUM

ASTM C90-70, Grade N, NC Fire Insurance Rating Bureau,
and Underwriter's Lab Std. 1009 800
Sample 1520 1340

Remar:s: Sample complies with specification requirements.
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Laboratory No. 1911
Order No. DH 877
Report No. 2

)

Mav Fa 187
CONCRETE MASONRY
Selid load Bearing Bloc

Adaws Concrete Producrts Company, Favettaville,

Project: Carolina Power & Light Company, Sout'porc, N7

Sampled By: Client on May 13, 1972 and May 16, 1972

Reported To: Adams Concrece Products Company,

Pavetreville,

——————— . S 08 b i b

Actusi Size:

Cate of Test:
Date Made:

Age of Test: Unknown

ADSORPTION TESTS

Absorption Absorptlon,

Percent

« 1l ~
wpheCinnr

NO «

Sample complies with specifications.

Respectiully submitted

’
PITTSBURCGH TESTING LABOKATORY
Original Signed By

Walter T. Ningate,
Durhaz Branch
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