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7.1.2.4 Seismic

The effects of earthquake loading shall be considered. The inertia
loads and movements, including earthquake anchor movements, and +* .
number of cycles must be iuncluded in the analysis.

T:1.2-¢:1 Seismic Anchor Movements

Seismic anchor motion shall be included for piping supported by
more than one structure by applying; 1) the building seismic
movements, and/or 2) equipment seismic movements, as support
movements on the pipe.

The support movements shall be assumed in opposite directions for
adjacent structures to give the maximum stress in the pipe, unless
the relative time phasing of the motions of the supporting
structures or equipment is determined by simultaneous time history
analyses. The effects of seismic anchor motion on the piping shall
be inzluded for the operating basis earthgquake (OBE) only. Seismio
anchor motion produces seconfary stresses and shall not be
evaluated with the safe shutdown earthquake (S3SE).

7.1.2.5  Wind/Tornade

Exposed piping shall be designed to withstand wind and tornade

loads. Simultaneous wind ang tornade loads are not consgidered.

7.1.2.6  Eluld Transient loadinas
7:1.2.6.3 Relief/Safety Valve Thrust

Valve thrust loads should be considered for both open and closed
valve discharge cases. All thrust loads should first bhe congidered
for their significance. If considered a significant traansient,
steady state thrust loads must be applied to the piping system. 1If
determined insignificant, then thrust loads need not be applied.

7.1:2.86.2 Water and Steam Hammer

Water and steam hammer are dynamic loadings on piping that are
caused by a sudden change In momentum of the flow medium due to a
rapid system transient.

Although hazmer effects ran petentially occur on any line where
valve closing time is less than 3 seconds, the effects on small
lines are generally neglected and only the largest lines with high
pressures, large flow rates, and very rapid closing valvas must be
evaluated,

April 28, 1992
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1.3.2:% Eipe Break lLoads

Pipe break loadings may consist of pipe whip, jet impingement,
differential pressure, support movements, or temperature increases
resulting from the rupture of nearby pipes other than the line
under consideration.

7.1.2.8 Ihermal Stretification

Piping sukjected to stratified flow conditions shall be evaluated
for the effects ¢% thermal stratification.

7.1.2.9  Missile Loads

Piping subjected to loads described in CESSAR-DC, Section 3.5.1
shall be evaluated for the effects of missiles.

Tided DESIGN LOAD COMBINATIONS

Loading combinations shall be in z.cordance with CESSAR-DC, Sectien
309s3ﬁ1~

Load combinations applicable to Class 1 piping are detailed in
Tables 7.1-1 and 7.1-2,

Load combinations applicable to Clage 2 and 3 piping are detalled
in Table 7.1-3,

73,9 ANALYSIS

Static and dynamic analyses, as defined in this section, shall be
based on linear elastic analysis methods.

7.1.4.1 Sravity Analysis

The gravity analysis shall include the weight of the pipe or piping
component, the weight of the ernclosed fluid, the weight of all
ethe. sustained mechanical loads, and the weight of any attached
insulation, Also, if the system contents vary duri g operation,
the analysis should consider all modes of operation. Weight due to
attached support/restraints shall be included if determined to be
significant.

7.1.4.2  IThermal Analvsis

A thermal analysis of piping systems shall take into account forces
and moments resulting from expansion and contraction. For all
analyses, the ambient temperature shoulud be taken to be 70°F.
Flexibility analyses should be based on the material property
vaiues at the %emperature under consideration. Therefore the
analyses shall be based on tne wvalue of Young’'s modulus at
temperature, E,.. ASME Code reguires that stresses shall be based

DRAFT 3 Apri) 28, 19892
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on E.g« This may be accoiplished by multiplying the analysis
results by E. /By -

All possible operating mndes shall be evaluated to determine the
highest thermal expansicn stress. The effects of anchor movement
due to thermal expansion of cquipment or other piping shall also be
censidered.

T.1.4:2.1 Specific Thermnl Reguirements for Class 1 Piping

The thermal analysis shall include a check of the stress intensity
range and shall -valuate fatigue (as expressed by cumulative usage)
for all normal operat‘ag temperature distributions, the transient
events experienced in going from one operating uode to another,
thermal anchor movements associated with tie operating conditions
and transients, and all test conditions.

T7.1.4.2.2 Thermal Stratification

Piping systems with low flow rates and potentially subjected to
stratified flow reguire evaluation for additiconal thermal stresses
due to thermal stratification. Stratified flow exists when a
hotter fluid flows over a colder region of fluid, This condition
induces a vertical thermal gradient resulting in increased overall
bending stresses and localized thermal gradient stresses,

A linear thermal gradient will cause a convex upward curvature, X,
in an unconstrained pipe equal to:

K= “3’ (Bqn. 7.1-1)

Whﬂrei AT = TTGP iy Tk\t("a (thh T?w o TE{;:',QQ)
D = Pipe outside diameter
0 = Thermal expansion coefficient

The resulting bending stresses should be calculated by allowing the
pipe to thermally expand unconstrained and then applying & set of
equal and opposite displacements at the rigid support points.

1f the temperature distribution in the pipe is nonlinear, the above
curvature formula 1is only approximate and the nonlinear
distribution should be congsidered in terms of its effect on
curvature and local thermal stresses. This may be done by means of
a finite element analysis comprising a heat transfer analysis to
determine the pipe wall temperature variation based on fluid
temperature, followed by a thermal stress analysis to determine the
initial pipe curvature and maximum stress intensity. This stress
intensity should then be used in Equation 11 of the ASME Boiler and
Pressure Vessel Code, Section I1II, Subsection NB-3€50 as the

DRAFT 4 April 28, 1992



nonlinear through=-wall temperature gradient stress. These analyses

consider both steady state and transient cenditions,

7.1.4.3  Seismic Analvsis

Seismic analysis of a piping system generally involves both dynamic
and static evaluations. A dynamic analysis is performed to
evaluate the inertia loads developed as the mass of the piping is
actelerated due t¢  s@ismic motion. The static analysis 1is

performed to determine loading resulting from differential seismic

movements of structures or large lines to which piping is attached,
7.1.4.3.1 Static Analysis

Standard seismic analysis is a dynamic analysis using the modal
superposition and response spectrum method. The desigh response
spectra for sarthquake ground motion indicate that at a freguency
higher than the fregquency corresponding to the zero peried
acceleration (ZPA), all mcdes respond like a rigid bady without
amplification. This cut-off frequency defines the rigid range, If
a piping system is 89 rigidly supported that its lowest natural
frequency is higher than the freguency cerresponding to the ZPA,
then the system will respond like & rigid body. The maximum effect
is due to an inertia force equal to the maximum floor acceleration,
and therefore, & static analysis is sufficient for predicting the
maximum effect due to an earthguake,

The analysis is similar to a gravity analysis. Attention sHould be
paid to the following points in performing the analysis:

A, lnertia loads should pe applied separately in x, y, and 2z
directions, and the results of the 3 separate analyses
combined by SRSS, he accelerations ar: obtained from the
respective floor reeponse spectra with values
corresponding to the zero period,

B. The active supports are seismic supports, rather than
gravity suppurts, i.e., snubbers will be active and low
stiffness spring hangers inactive.

7.1.4.3.2 Dynamic Aralysis

T.1.4,3.2.1 Responge Spectrum Analysis

Y.1-4:3.2:.142 General

The response of a flexible gystem to seismic forces depends upen
its natural frequencies and the f{reguencies of excitarion. For
these systems, it is necessary to know the natural fregquencies, and

the seismi¢ excitation which is usually defined as acceleration
response spectrum.

DRAFT & kpril 28, 1392
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To determine the system natural frequencies, each pipe shall be
idealized as a mathematical model consisting of lumped masses
connected by elastic members. Lumped masses shall be located at
carefully selected points in order to adeguately represent the
dynamic avd elastic characteristics of the pipe system. Using the
elastic properties of the pipe, the flexibility for the pipe shall
be determined. The flexibility calculation shall include the
effects of torsional, bending, shear, and axial deformations (i.e.,
the degrees of freedom). Node point spacing shall be selected to
obtain accurate dynamic results. As a minimum, the number of
degrees of freedom should be taken as equal to twice the number of
modes with frequencies lecs than the frequency corresponding to the
ZPA,

Or 2 the flexibility and mass of the mathematical model are
ca.culated, the fregquencies and mode shapes for all significant
modes of wvibration shall be determined. Piping stresses and
displacements shall then be determined utilizing standard modal
response spectra analysis technigues.

T.1.4:3:2.1.2 Response Spectrum

A response spectrum is a curve which represents the peak
acceleration response verses freguency of a single degree of
freedom spring mass system which is excited by an earthquake motion
time historv. It is a measure of how a structural system with
certain natural frequencies will respond to an earthquake applied
at its supports.

The response spectra curves for the System 80+ have been developed
using several ground motion time history analyses. These analyses
were used to cover a range of possible soil conditions. The
resulting floor response spectra may be enveloped or inpul
individually inte the seismic analysis to account :or all of the
various soil cases.

Most analyses will consist of multiple supports with different
characteristic response spectrum. To account for this, the
applicable response spectra for all structures and elevations
supporting the pipe in t‘he dynamic model may be enveloped to
determine the response spectra for that piping.

If this method is determined to be overly conservative, multiple~
spe “tra methed may bhe used. The response spectrxum of the
individual support locations may be input separately and the
rosults of the multiple excitation combined. This method may not
be used in combination with variable damping.

Wik AvSediids3d Spectrum Peak Broadening
To account for possible uncertainties, the initially computed floor

response spectra are usually smoothed, and peaks associated with

Apridi 28, 1082
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the structural frequencies are widened. The method used to
determine the amount of peak widening, associated with the
etructural freguency, shall ke as detailed in ASME Code, Section
111, Division I, Appendix N, section N-1226.3.

7.1.4.3.2.1.4 Damping

pamping values are provided in CESSAR-DC, Seccion 3.7.1.3 and are
summarized below;

QRE 588
Piping diameter £ 12" 1% 2%
Piping diameter » 12" 2% 3%

Alternately, when using response spectra analyses, variable damping
values per ASME Code Case N-411-1 "Alternative Damping Values for
Response Spectra Analysis of Class 1, 2, and 3 Piping, Section III,
Division I"™ is acceptable. However, no combination of the two
damping criteria is to be used. The variable damping curve 8
provided in CESSAR-DC, Table 3.,7-41,

7:1.4.3:2:20:8 Modal Cutoff and Rigid Range Acceleration Effects

The number of modes included in the analysie shall be chesen to
gorrespond with the range of seismic excitaticn frequencies up to
a naximum of the frequency corresponding to the ZPA. There is no
limit on the number of modes,

At modal frequencies above the freguency corresponding to the ZPA,
pipe members are considered rigid. The acceluration associated
with these rigid modes is usually small, However, in certain
situations the response t¢ high frequency modes may significantly
af fect support loads, particularly axial restraints on long runs,
The effects of rigid range accelerations may be evaluated by
approximating the higher mocde response using the spectral
acceleration at the f-equency corresponding to the ZPA and
combining this response with the dynamic analysis results in an
additional mode (using the square root of the sum of the squares,
SRSS) .

7.2.4.3.2.1.6 Modal and Direction Result Combination

As stated in CESSAR-DC, Section 3.7.3.7, the seismic respouse of
each mode shall be calculated and combined with the other modal
responses using the methods described in Regu. .cory Guide 1.92,
"Combining Modal Responses and Spatial Components in Seismic
Response Analysis."

1f the modes are not closely gpaced (two consecutive modes are
defined as closely spaced if their frequencies differ from each
other by 10 percent or less of the lower frequency), the results
may be combined by the square root of the sum of the squares
(S8RS8). Closely spaced modes shall be combined by oue of the

DRAFT ? April 28, 1992
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b following methods: 1) grouping method, 2) 10 percent method, and
: 3) double sum method.

The responses due to each o¢f the three separate directions of
» seismic excitation shall be combined by SRSS,

3 i 2 W W 1 T B Seismic Anchor Movements

The effects of seismic anchor motion shall be considered in the
seismic analysis, For models with piping in more than one
building, it shall be assumed that the buildings move 180" out of
phase. Movements within all buildings except the Reactor Building
shall be assumed to be in phase. Within the Reactor Building there
| may be differential movements between the Reactor Building, the
! Containment Vessel, RKReactor Interior S*ructures, and the NSSS.
- These movements, when applicable, shall pe assumed to act 180° out
. of phase. The resulting relative movement shall be applied as
| static support displacements with all dynamic supports active.

Support loads shall be cbtained and defined for both OBE and SSE
notions.

Tedst:3 2318 Fatigue

The c¢yclic load basis for fatigue analysis o! the OBE earthquake
shall be 200 full load cycles for NSSS piping and 75 full load
cycles for Class 1 piping systems other than N8SS piping.
Tulok.3.2.2 Time History Analysis

Tsl:hedad sl General

i Time history analysis can be used as an alternative metnod to
response spectrum analysis {or any piping system.

For those piping systems analyzed by time history metlrods,
development of mathematical models, which define flexibility and
mass, and calculation of natural frequencies and mode shapes, as
described in Section 7.1.4.3.2.1.1, should first be performed.

Tadi%:3.2.23.3 Piping Dynamically Decoupled from the NSSS

Most piping systems can be dynamically decoupled from the nuclear
steam supply system (NS5SS), following guidelines of Section
7.1.5.2.2. The surge line, which is funct.»nally part of the NSSS,
is inc..'ded in those piping systems which c... be shown to meet the
decoupling criteria, and should therefore be analyzed ~=parately
from the rest of the NSSS,

The solution of the diff¢ "ential equations of motion, which

describe the dynamic response of a system to a seismic excitation,
can be obtained by the method of modal superposition or by the
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method of direct integrations, using time history analysis. These
methods are described in CESSAR-DC, Section 3.7.2.1.1.2.

The mathematical model should be subjected Lo seismic excitations
at the anchor points (terminal ends) and at building supports. For
statistically independent earthquake motions, input excitations in
all three translation directions and, as applicable, in all three
rotational directions should be applied simultaneously to¢ the
anchor points and building supports.

Input of multiple time history excitations, which aliow calculation
of the effects of both differential motion and inertia, should
normally be used in a rultiply supported system such as a piping
system, An acceptable alternate time histery method, as described
in ASME Code, Section III, Division I, Appendix N, Section N-
1228.4, is to input an “envelcpe" time history excitatien to
calculate the inertia respecnss, and separately to determine the
effects of cifferential support motion using a static analysis.
The ASME Code a.:fines the enve.ope excitation a4s a time history
whose response spectrum envelcpes the response spectra for the
individual support motions,

el Ai3:8:43 Piping Dynamically Coupled to the NESS

The only piping system that is dynamically coupled to the N5SSS for
the purpose of structural analys:s is the main coolant loop piping.
The main coolant loop piping should be seismically analyzed as an
integral part of the reacter cooslant system structure, using
methods described in CESSAR-DC, Sections 3.7.2.1.2 and 3.7.,2.6.2,

7.1.4.4 Eguipment Nozzles

When appropriate, the following effects of aquipment nozzles should
be coisidered in the analyses:

A, Eguipment response spectra

B. Eguipment nozzle displacemants and rotations

€. Eqguipment nozzle flexibility
T.4:4:5 : ygis
Exposed piping must be designed to withstand forces generated by
wind and tornados. Maximum wind spe:ds provided in TRSSAR-DC,
Section 3.3 are listed below;

A. Wind loading: 130 mph max wind speed

B. Tornado loading:

1. 330 mph maximum wind speed

2. 260 mph rotational wind velocity
3. 70 mph translaticonal wind velocCity

April 28, 1922
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Tornado loads are based upon the NRC Staff interim position based
on Regulatory Guide 1.76€,

7.1.4'6 ‘e : “A' (5] A'

Transient fluid dynamic loadings on pipe shall be evaluated and the
resulting loads included in the piping analysis, The lcads
considered shall be those significant 1lcads due to fast valve
closure, steam hammeyr, water hammer, relief wvalve discharge, and
multiple relief valve discharge, Portential 1loadings shall be
evaluated and defined for each problem on a case-by-case basis.
Multiple safety valive discharges shall be analyzed so as to
maximize piping stresses and support/restraint design loads unless
another discharge sequeiice can be justified. Discharge sequences
considered shall include the possibility of the instantaneousg and
simultanecus discharge of all valves in the same vicinity.

T 8051 Safety/Relief Valve Thrust

safety/relief valves produce transient and steady-state loads on
the valve inlet piping and discharge piping (if used). Th thrust
load, F, is a function of fluid type (water or steam;. Jesiqgn
pressire, and valve throat area. An acceptable metnod of
calcusaving the valve thrust loads is as follows:

A. Water Discharge:

I
me:o.oozz(%'%‘l’} (Eqn. 7.1-2)

iWhere: GPM = rared valve distharge in gallons per minute
1D = inside diameter of the discharge pipe in
inches

A dynamic load factor of two should be included for the
dynamic loadiry unless a lower value is jusiified.

B, Stsam Discharge:

Use the procedure of ASME Code, Section III, Appendix 0O,
with the caution that negative (below atmospheric)
discharge pressures are meaningless and the equation does
not apply for those cases.

Relief valves cause both dynemic and static loading conditions. To
simplify analysis, however, essentially all welief valve thrust
l~ade are evaluated statically. Closed discharge and piped relief
velves have an additional complicating factor since transient
forces develop at each intermediate turn in *he piping during the
inirjal phase wnen the flow along the pipe ig¢ being established.
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'  These transient La&di should be treated as water/steam hamme . As

the transient phase ends, a.l of the intermediate forces cancel
each other out, leaving only the steady state thrust force at the
exit point of the fluid from the discharge system. For closed
discharge systemsg, the steady state thrust force is 2ero at the
valve outlet.

Dynamic relief valve thrust lcads shall be applied to the piping
model as static lnads with snubbers active and a dynamic load
factor applied to the loads.

7.1,4.6.2 Water and Steam Hammer Analysis

Water and steam hammer are poth dynamic loading conditions on the
piping. Forcing functions, using actuval time histcry analyses, may
be used in the dynamic analysis. However, when justified,
simplified conservative approximations of the {orces may be used in
a static evaluation.

The simplified method determines the worst net force developed in
a segment of piping and applies it assuming it can occur in either
direction along the lccal x axis of the pipe., This net force that
develops depends on flow rates, fluid velocities, valve closing
rime, the length of straight runy ¢f pipe, and the fluid invelved,

7.1.4.6.2.1 Water Hammer forces

Two equations exist for determising tae resultant force, F,, on any
straight segment of piping due to water hammer. The proper cne to
use depends on the ratio o¢f L/L. for the pi.~ segment in guestiocn,
wnere L (ft) is the length of straight pipe of the segment and L,
{ft) is the distance travelled by the shock wave during the valve
¢closure, L is available from the piping drawings and is shown as
an example for piping run 2 on Figure 7,1-1, The distance
travelled by the shock wave (1) may be calculated:

Ly=oxt (Eqn. 7.1-3)

Where: ¢ = sonic welocity in water (4,700 ft/sec)
t = valve closure time (sec)

A: For (L/Lg < 1.0

Fow S (Eqn. 7.1-4)
g
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m = mass flow rate of water (lbm/sec)
€ = 4,700 (ft/sec) |
el g = 32,174 lbm-ft/lbf-sec’ |
i F, = resultant net force (lbs) along pipe run |
i J
L B. For (L/Lg > 1.0
i |
5 N ‘IEE 1 i 1
F gt (Egn. 7.1-5)

Where the above defined terms apply and:

T Vo R et

1

J

|

1

L = length of straight pipe run (ft) |
t = wvalve closure time (sec) 1

Cne of the above equations would be used to calculate the net force

to be applied for each straight segment of piping until a point is

reached where the pressure waves are damped cut at a tank, closed

valve, equipment connection, or ¢onnection to a large header,

Td:4.6.2.2 Steam Hammer Forces
Since steam is a compressible fluid, the calculation of resultant

forces along each straight run shall be performed by the following |
six steps and terms:

[ T T | g S TS
e P S e =5
- T —— L . )

A~ = g
s WL
)

A, Terms !

)

{] m = gteam mass flow rate (lbm/sec) :
N P = design pressure (psig) H
R by = steam temperature (saturated ) at P (°F) |
ok h = enthalpy of steam at T and P (BTU/lbm) :
b= v = gpecific volume of steam at T and P (ft’/lbm) !
Vs = specific velume at P and 1000°F (ft'/ .bm) I
4 L, = distance travelled by shock wave (ft) f
. e c = sonic velocity at P and T (ft/sec) .
T F, = net force enerted on pipe segment (lbs, 1
o t = valve closure time (sec) !
| TF = temperature factor i
I v = Steam velocity (ft/sec) :
ol A = flow area of pipe (in) :
' L = pipe length between turns (£t) :
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B. MNet Force Calculation

1. Compute temperature factor (TF)

srr-.‘.':agﬂ (Eqn. 7.1-6)

2. Calculate length (L.) over which the pressure wave
propagates during the valve closure time (t)

Lg=cxt

3. Calculate initial steam velocity (V)

V,.,di.\'. {Egqn. 7.1-7)

4. Using Figure 7.1-2, pick the curve (or interpclate a
curve} that repres.nts the steam velocity (V) above.
From this curve determine the slope at the steepest
section ¢f the plot. At this steepest point, the
abscissa difference 1s tne ratio L/L;,. Multiplying
this abscissa differe:;ce by the slope provides the
pressure rise ratio &P/F:

(Abscissa Difrference) % (Slope) = aP/P

5. The force exerted along any segment is then:

FvaTFXA(APB) (Eqn. 7.1-8)

6. As with water hymmer, this force must be determined
for each straigh: segment of pipe until a point is
reached (equipment. tank, slosed valve, etc.) where
the pressure wave vould be damped,

7.1.4.7 Bipe Break Analysis

Pipe break loads are any loads that may be applied to unbroken pipe
resulting from ruptures cof nearby piping. Pipe break loadings
include, but are not limited to, the effacts of the following: pipe
whip, jet impingement,; differential pressure, temperature increase
tlocalized or overall), and support/anchor movenent (including
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reactor coolant loop and containment vessel). Effects of a
ruptured pipe on other portions of itself need not be considered,
except to demonstrate that a whipping pipe is restrained.

In general, pipe break loads are defined for each piping problem on
a case-by-case basis. Thes.: loads shall be applied by the piping
analiat as applicable to the appropriate piping problem, See
Section 7.1.8 for further details of Postulated Pipe Breaks., Pipe
break loadings due to two oOr more assumed pipe breaks shall be
vonsidered to act individually.

7.1.4.8 High Energy and Moderate Energy Requirements

High and moderate energy piping systems must be evaluated for
postulated pipe breaks. Intermediate break locaticng are based on
potential high stresses and fatigue limits determined by the piping
stress analysis results. For the postulated pipe break evaluation
requirements see Section 7.1.8.

7.1.4.%  Non-Rigid Valves

Normally, valves are specified tc be rigid, Ron=rigid wvalves
{indicating that the valve has modeg of vibration < ZPA ) are
identified by the applicable valve seismic report. The effects ol
the non-rigid valve will be congsidered in the piping anslysis.

7.1.4.10 Expapsion Jointg

Expansion joints allow limited relative lateral and axial
displacements and bending rotations btetween the ends of the jcint,
depending on the type of joint in use. Expansion joints shall be
congidered in the analysis.

Tedsd ANALYSIS TECHNIQUES
7.1.5.1  Model Boundaries

Piping models ideally run from anchor to anchor (egquipment nozzle,
or penetration). Where this is not feasible, the niping may be
separated by decoupling, overlapping, iseolation, or in-line anchors
as described in the following subsections to form more manageable
models for analysis, These subsections present minimum
reguirements that may be upgraded at the discretion of the analyst.
If the piping cannot be separated to form smaller analysis models
by these methods, the analyst may consider the use of an
intermediate anchor to separate models subject to  the
considerations of Section 7.1.5.6.
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7.1.5.2  Decoupling
7.1.5.2.1 General

Small branch lines may be decoupled froam larger run piping

regardless of seismic classification, Decoupling may alsc be
applied for in-line pipe sirze changes (such as at a reducer or
reducing insert). For consistency with the following text, the
smaller line should be considered the “branch" and the large:r line
should be considered the "run". To be decoupled, piping must meet
the size, section modulus, or mement of inertia ratios as detailed
in the feollowing paragraphs.

7.1.8.2.2 Decoupling Criteria

Branch lines meeting the following criteria may be decoupled from

the main run;

A. D./D, § .25, or
B. 2,72, € 0.10, or
C. 1,71, € 0.04

Where: D, = branch nominal pipe size
D, = run nominal pipe size
2. = branch section modulus
2, = run secrtion modulus
I, = branch moment of inertia
1, = Tun moment of inertia

An appropriate stress intensity factor (SIF) shall be included on
t“e branch and main run lires at the point where the piping 1is
decoupled. Mass effects of the branch line should be considered in
the analysis of the run line, 1f significant, The branch peoint
shall be considered as an anchor 'n the analysis of the branch
pipe. Thermal and seismic anchor movement analyses of the
decoupled branch lines shall be performed with the thermal, seismic
inertial, seismic ancher movement (3AM), Or pipe break movements of
the larger pipe header applied as anchor displacements and/or
rotations to the smaller branch line if these movements are
significant.

Piping may alsc be decoupled ar flexible hose provided each

interfacing analysis considers the flexiple hose weight and

significant stiffness, and the flexible hose qualifies for the npet
end displacements cf the interfaclng analysis problems. Analysis
resulte of the interfacing problems do not have to be combined.
The flexikle hose should not be alliowad to experience large tensile
loads,
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7:1.8.3 Querlapping
7.1.5.%:1 General

Qverlapping is wused to separate seismically analyzed piping
problems., Isclation of non-seismic piping from seismic piping ls
addressed in Section 7.1.5.4.

Seismic piping that cannol be separated by decoupling as described
in Sectiorn 7.1.5.2 may be separated using an overlap region. The
overlap region should have enough rigid restraints and include
enough bends in three directions t¢ prevent the transmission of
motion due to seismic excitation from one end to the other., The
following criteria present minimum reguirements which should bpe
upgraded if required to satisfy this condition.

TntsS: 2.2 Overlap Criteria

A section of piping to be considered an cverlap region must meet
the following criteria:

A. The sectior contains a2 minimum of four (4) restraints in
e¢ach of three perpendicular directions. If a branch is
encountered, the balance of restraints needed beyond that
peint will be included on all lineg joining at the branch.

B. The restraints in the section are so spaced that the pipe
span between any two restraints, taken ag simply supported
beams, have a fundamental nattval freguency (bending and
torsion) not less than the fregquency corresponding to the
ZPA.,

C. In lieu of criteria B, a dynamic analysis of the overlap
region should be made with pinned boundaries extended
beyond the overlap region either to the next actual
support or to a span length egqual to the largest span
length within the region. The iundamental frequency
determined from this analysis should be greater than the
frequency corresponding to the ZPA.

The overlap piping shall be included in all models adjacent to the
overlap region. An effective axial restraint on a run can be
counted at each point of lateral restraint on that same run.
Hanger design loads and movements in the overlap region shall be
obtained by enveloping the results of all models adjacent on the
overlap region. Pipe stresses and valve accelerations shall be
checked in each separate analysis,

2:31:5.3:2:1 Restrained Elbow (or Tee)

Adequately restrained elbows or restrained tees may be used to
terminate or Separate analysis models. Restrained elbows and
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restrained tees must meet the criteria of Figures 7.1-3 and 7.1-4
respectively. Results of all ansiyses shall be combined to obtain
pipe stresses and hanger Joads for the restrained elbow and
restrained tee configurations.

7.1.8.4  In=line Anchors

An in-line anchor is a dovice restricting all six degrees of
freedom, thereby isclating each run. In-line anchors should only
be used to separate piping models, If practical, based on the
following considerations:

A. Anchors may prove to be impractical, especially on large
dianeter piping ( >4" nominal pipe diameter) or on lines
with high thermal and/¢r seismic movements.

B. The addition of anchors may add terminal end break
locations to high and moderave energy piping,

C. The use of anchors may be limited by high piping thermal
expansion loads or the practicality of the anchor design
and installation.

D. Anchor load results from the piping on both sides of an
ancher must be combined to obtain the design loads for the
anchor., I1f the piping on one side of the anchor is
unanalyzed, appropriate loads shall be developed to
represent the unanalyzed pipe. As an example, plastic
hinge moments may be us

7.1.5.5  Support Considerations

The proper participation and orientation of each support/restraint
shall be included in the piping analysis, Participation shall be
consistent with how the support type performs during the loadings
under consideration,. Some loading conditions create pipe movements
that may affect the analyzed support orientation, such as vertical
supports with large luteral thermal movements., The effects of such
pipe movements on the analyzed support orientation shall be
evaluated.

7,1.6 ACCEPTANCE CRITERIA
7.1.6.1 &SME Class 1 Piping

The allowable stress limits for the specified loading combinations
for ASME Class 1 piping are ghown in Tables 7.1-1 and 7.1-2.

7.3.6.2 8 P i o

The allowable stress limits for the gspecified loading combinations
for ASME Class 2 and 3 piping are shown in Table 7,1-3,
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31 PIPE SUPPORT DESIGN RECUIREMENTS
%2373 General

The design of pipe vupperts mrst meet the intended fuactional
requirements of the atregs analysis as well as meeting the
specified stress Jimits for the sup.ort ocomponents, Support
component.s may include typical structural steel members as well 4is
manufactured cataleg items for typical suppsrt components. In
adaition; the gupport design mugt not invalidate any assumptions
used in the analysis of the piping system,

In addition to loads defined by the stress analysis, any additional
forces the support may be subjected to must be considered in the
support qualification.

7.1.7.2  Resian Consideiatisng
LATER
7.1.7.3  Laad Combinati.. .

Load conbinations shall be in accordance with CESSAR-DC, Section
3.9.3.1 and are detailed in Table 7.i-4.

7.1.7.4  Agcegtance Criteris

Stress limits for struCtural members of pipe supports shall meet
the requirements defined in ANSI/AISC N€%0, "Nuclear Facilities~
Steel fafety-Related Structures for Desian Fabrication and
Erection",

Manufactured catalog itema shall meet the requirements of MIS~&P-
58, "Pipe Hangers and Supports-Materials, Design and Manufacture",

7.1.7.%  Jurpisdictional Boung leg

The jurisdictiona) boundaries shall be as defined in ASME Code,
Section 111, Subsection NF. However, the acceptance criteria as
defined above sha  alsc be applicable for the qualificution of
support componenits within the NF boundaries.

7.1.8 POSTULATED PI" E BREAKS

7.1.8.1  Classificat.on

7.3 % . 1.1 High Energy

Higl ‘nergy piping systems are thoge gsystems or portions of systems
that are maintained pressuriged at either temperatures in excess of

200°F or at presgures exceeding 275 psig during any of ths
following normal plant sperating modes, TFor systems containing

DF 19 April 28, 19¢92

T I . | T — e R ————

R —

PRIt CARES




»

v process fluids other than water, ¢the atmospheric beiling
W temperature cun be applied in nlace of the 200°F criverion.
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& . Hot Standby

bt * Operation at any Power Level

| . Reactor Cooldown to Cold Shutdown
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Exceptions:

A. Non=1liquid piping systems (air, gas, steam) with a maximum
pressure less than or equal to 7% psig are not considered
high energy regardless of the temparature.

B. Piping which operates at pressures and temperatures
meeting righ energy requiremente is not considered high
enirgy if the total time spent in operation at high energy
conditions s less that either of the following:

1. One percent of the normal operating lifespan of the
plant, or

2. Two percent of the time period required to accomplish
its system design function.

C. Piping of one inch nominal pipe size and leéess is not
considered "high eneray."

e

7:3.8:1:8 Moderate Energy

Moderate energy piping systems are those systems or porticns of
systems, that during any of the normal plant operating modes are
maintained pressurized at a maximum temperature of 200°F or less
and a maximum pressure of 275 psig or less lIncluding all piping
excluded from high energy.

Exceptions:

A. Open-erded vents and drains are not considered moderate
anergy.

B. Piping of one inch nominal pipe size and less is not
considered moderate enerqy.

7.1.8.2  Restulated Rupture lLocatlong
Y:3.%.24% Break Locations in ASME Class 1 Piping Auns

Breaks, in accordance with Section 7.1.8.2.5, shall be postulated
to occur at the followirg locations in ASME Class 1 piping:

A. The terminal ends of the pressurized portions of the run.
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B, At intermediate locations selected by either one cof the
following methods:

.2‘

bzaz

At each weld location of potential high stress or
fatigue, such as pipe fittings (elbow, taes, reducers,
etc.), valves, flanges, and welded attachments; or

At all intermecd’'ate locatlons between terminal ends
where the following stress or fatigue limits are
excaeded:

¢ Th¢ maximum 2tiess range, $, between any two load
gete (inZluding the zero load set) calculated by
€gq. (30) in Subarticle NB~3652, ASBI'™ Code, Sectien
111, exceeds 2.45, and the stress ranges calculated
by both Eg. (i2) and Eq. (13) in Subarticle NB-
3683, ASME Zode, fection 111, exceeds 2.4 S§,.

¢ U exceeds D,1.

Where: 8, = allowable design stress~intensicy
value, as defined in Subarticle NBEB-
3600, ASME Code, Section 111,

U = ghe ¢ “ulative usage factor as

calouinted in accordance with
Subhgrticle NB-~2600, ASME Code, Section
C g e

Break Locationsg in ASME Clags 2 and 2 Piping Runs

Breaks, in acrordance with Section 7.1.8.2.5 shall be postulated to
occur At the following locations in ASME Class 2 and 3 piping:

JRAF T

A. The terminal ends of the pressurized portions of the run.

B. At intermediate locatlons selected by either one of the
following methods:

1.

At each weld 1location of potential high stress or
fatigue, such as pipe fittings (elbows, teey,
reducers, ete. ), valves, flanges, and welded
attachments; or

At all locaticns where the stress; 5, exceeds
0.2 2 (X ¢« ¥ ).

Where, as defined in ASME Ccde, Subarticle RC=36850,

& = stresges under the combination of loadings
aggociated with the normal and upset plant
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condition lecadings and an OBE event, as
calenlated from the sum of Eq. (9) and (10).,

X = eguation (9) Service Level ¥ allowable stiess,
Y = equation (10) allowable stress,
7.1.8.2.3 Preak Locationeg in Non-Seismic Piping Rune

Breaks, in accordance with Section 7,1,8.2.5 shall be pociulated to
occur at the following locaticons in non-seismic piping:

A. The terminal ends of the pressurized portions ¢f the run.

B, At each intermcdiate weld location of po’ ential high
stress or fatigue.

7.1.8.2.4 Break Locations In Piping Runs With Multiple ASME Code
Piping Classes

Breaks, in accordance with Section 7.1.8.2,5 shall be pestulated to
cccur at the following lecations:

A, The terminal ends of the pressurizea portions of the run,

B. At intermeviate locations selected by either one of the
following methods:

1. At each weld location of potential high stress or
fatigue, such as pipe fittings, valves, flanges, and
welded attachments; or

2. At all intermediate locations between terminal ends
where the st egs and fatigue limits of Sections
7.,1.8,2,1.8.2), 7.1.8.2.2.8.2), or 7.1,8,2,3.B) are
exceeded.

Pl B.2.9 Break Locations

Both circumferential and longitudinal breaks are postuluted to
occur, but not cencurrently, in all high~energy piping systems at
the locations specif 1 in Sections 7.1.8.2,1 through 7.1.8.2.4
except as follows:

A. Circumferential breaks are not peostulated in piping runs
of a nominal diameter ogual to cr less than 1 inch.

B. Lornqitudinal breaks are not postulated in piping runs of
a nominal diameter less than 4 inches,

€. Longitudinal breaks are not postulated at termirnasl ends.
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3. At a welded attachment (lug, gtanciien, etc.) &
lonyitudinal break ig postulated at the centeriine of
th. welded attachment with an area equal to the pipe
surface area that i{s bounded by the attachment weld.

4. At an axisymmetvic pipe location, such as a reducer,
circumferential and longitudinal breaks are postulated
at cach pipe-to-fitting weld where the criteria in
Section 7.1.8,2.% are exceeded. Longitudinal breaks
are orieated to produce out-af-plane bending of the
piping configuration.

B. Alternatively, whete a detalled stress analysis Hr test is
performed, the results oare used Lo predict the most
probable rupture locaticni(s) and type of break.

7.1.8.3.% Crack Contigurations

At a postulated leakage crack or throughe-wall crack lucation, the
orifice is assumed to be located non-concurrently at each and every
point about the circumference of the pipe, unless otherwise
substantiated.

7.1.8.4 Eipe Rupture lLosds

This gsectlion appllies %o all high-energy piping other than that
whose dynamic effects duc to pipes breaks are elimipated from the
desian basis by ‘eak-beforea~break evaluatien.

A. Circumferentia. Breaxs

Circumferential Lresks are assumed to result in pipe
geverance and separation amount'ng to at least a one-
diameter laterzl displacement of the ruptured piping
sections, unless physically Timited by piping restraints,
structural members, or piping stiffness, The dynamic
force of the jet dischusge at the break location is based
on the effective crosg-gectional flow area of the pipe and
on a calculated luid pressure ag modified by an
aralytically determined thrust coefficient. Limited pipe
displacement at the break locations, line restriction fiow
limiters. positive pump controlled flow, anc the absence
of eneryy reservoirs are taken into a&ccount, as
applicable, in the reduction of the jet discharge. Fipe
whip is assumed tg cccur in the plane defined Ly the
piping geometry and oconfiguration, and to cause pipe
movement in the direction of tie jet reacticn,

B. Dynamic Force of the Fluid Jet Disgharge

The dynamic force of the fluid jet discharge is based or
a circular break area egual te the cross-sectional flow

e
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area of the pipe at the break lccation and on a ¢ lculated
fluid pressure modified by an analytically dotn:mined
thrust coefficien.,, ag determined for & cirvcumterential
break at the same location. Line restrictions, flow
limiter, positive pump-controlled flow, and the absence of
energy reservoirs are taken into account, as applicable,
in the reduction of jet discharge.

Piping movement i& assumed to occur in the direction of
the 4jet reaction, unlesg l.mited by structural members,
piping restraints, or piping stiffneas.

C. Pipe Blowdown Force and Wave For .e

The fluid thrust forces that result from either postulated
circumferential or leongitudinal Dbreaks, are calculated
using a simplified one-step forcing function methoedology.
This methodology is based on the simplified methods
described in ANSI/ANS 58.2, "Design Basis for Protection
of Light Water Nuclear Power Tlante Against the Effects of
Fostulated Pipe Rupture." See CESSAR-DC, Section 3,6,
References 5 and €,

When the simplified method discussed above leads to
impractical protective measures, then a more detailed
computer soiution which more accurately reflects the
postulated pipe ruprure event ig used. The computer
solution is based on the NRC's ¢computer program developed
for calculating two-phase blowdown forces. See CESSAR-DC,
Section 3,6, Reference 7,

D. Evaluation of Jet Impingement Effects

Jet impingement force calculations are performed only if
structures or components are located near postulated high
eneryy line breaks and it cannot be demonstrated that
failure of the structure or component will not adversely
affect safe shutdown capability.

7.1:8.5  Ripe Rupture Apalvgis
7:1.8.5.1 Dynamic Analysis of Pipe Whip

Pipe whip restraints wusually provide clearance for thermal
expansion during normal operation. I1f a break occurs, the
restraints or anchors nearesgt the break are designed to prevent
unlimited muvement at the point of break (pipe whip)., A finite
difference model will be used to analyze simplified models of the
local region near the break. Displacements and strains of the pipe
and restraint will be estimared using a power law moment cCurvature
relationship.
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Fionite Differengs Analysis

A finite difference [ormulation gpecialized to the case of
a straight beam and neglecting axial inertia and large
deflection effects is used for the analysis of pipe whip.
The dynamic analysig ig performed by direct numerical time
integration of the eguatlions of motion presented in
CESSAR=JUC; Aprendix 3, 6A,

7.1.8.8.2 PDynamic Analysis of Unrestricted Pipes

The impact velogity and kinetic aenergy of unrestricted pipes is
calculated on the bagis ¢f the assumption that the segments at each
side of the break act ag rigid-plastic cantilever beam: subdect Lo
pilecewise constant blowdown ferces, The hinge location is fixed
either at the nearest restraint or &t a point determined by the
requiroment that the shear &t an interior plastic hinge is zero.
The kinetic energy of an accelerating cantilever sogment is egual
to the difference between the work done by the biowdown force wnd
that done on the plastic hinge, The impact velocity V, is found
from the expression for the rinetic energy:

KE= 2 M,V (Bqn ' .1-9)

Where M, is the mazs of the single degree of freedom
dynamic model of the cantilever, The impacting miss is
assumed ev 1 to M.

7.1.9 LEAKX-BEFORE- _ nEAK (LBEH)

7.1.9:

The approasch being taken toward design certification of System 80+
is to include LEB congideraticns in the piping design, One agpect
of the LBB evaluation pursued for each selected piping system is
performance of a preliminary LEB evaluation prior to and
independent of pipe routing. This evaluation is used to provide
the piping degigner with LEB acceptance criteria, in terms of a
range & materials, pipe sizes, and NOP and maximum design loads
for all locations in the pipe, If the acceptance criteria is met,
an acceptable result of the LBEBE evaluatiorn of the final design is
assured. Tre range of piping parameters developed by this
preliminary evaluation forms a “window" of acceptance criteria
which the piping designer can utilize to route, design and support
the piping system,

For the System B0+ design, the following five piping systems inside
containment shall be dasignea to the requirements of Section
7.1.9.2 to asgure leak-~before-vreak (LBB):
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revised LBB acceptance critervia for a re~gized pipe and redesigning

the piping system should be pursued.

7.1.10  EMALL BORE PIPING

To simplify the procedure for the desiegn of small bere pipine (2
inch nominal diameter snd smaller), the procodure provided in NCIG~
14, "Procedure for Saeismic Evaluation and Design of Small kore
Piping® may be used in lieu cof the more rigorous analysis as
detailed in Section 7.1.4.

7.1.11  TUBING
7.1.11.1 Gepezal

Process and instrumentation tubing is shown Lo be acceptable based
on meeting the applicable support criteria within this section.
These criteria only applies to satery~related tubing; they serve as
guidelines for non=-safery related tubing which is not analyzed and
can be field routed (s2e Jection 6.4.4.2.3).

Tubing .8 supported in two wayve, as free tube spans and tube track
supports, The criteria for each support mechanism are described in
the tollowing sections.

7.1.11.2  Egee Tube Spans

The following requirsments apply Lo tuping that s supported as
free tube snans (not in tube tracks):

A. The minimum spacing petwean tube supports (L) shall be tweo
(2) fect unless the suprurts are used to supporc an in-
line component in which case a tube support $hall be
located adiacent to the component (on each side).

B. "he mavimum gpacing petweern jupports shall be as indicated
in Table 7.1.11~-1.

€. If heat tracing or ingulati~n is required, span lengths,
support designs, and tube details may require amendment,

D. All reservoirs, valves, and other in-line components shail
be independently suppocrted

E. Tube support locaticns shall be located accordingly if
there is a changy- in direction or fitting in the span (see
Table 7.,1.11<1).

F. When tees are used in tube routing, tube supports shall be
arrange¢ as shewn below.
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L Th? maximum allowable internal design pressure is 2950
psig.

2. Tube span lengths w.l! be amanded accordingly if
insulation is required,

2, The tube span before and after the span contalning the
change in direction shall be limited to the same length as
the span including the change in direction.

4. The allowable spans for copper tubing shall) be one~haif of
the values tabulated.

L [ b T ' . Tulie

The following requirements apply to tubing routed in tube racks,
Sample lines shall not be ingtalled in tube tracks unless the
process fluid temperature is less than 150°F,

Tube track shouuld not be medifisd by cutting or bending. Tube
track should be connected using etandard ~omponents.

 §% ' 3 O 8 Uninsulaved Applications

The fellowing ecriteria applv o uninsulated tubing routed in
tracks:

A. The maximum number of tubes per track shall be four (4)
for 1/4%; 378", and 1/:i" tubing. Tubes larger than 1/2"
shall be supported per Ssction 7.1.11.2,

B. The tubing shall be attached to the tube track at a
minimum of 2’-0" and a maximum of 3'-0" spacing,

C. Tne mazimum gspan betwéen track supports shall be 8'-0" for
a straight spen and 6'=0" if a change in direcrvion occturs
in the span. The makimum span lenath for spans adjacent
to spans containing a change in direction is &'~0".

D. Tube track shall not extend’/overhang past the last track
s pport by more than 1'=09,

E. Reservoirs, valves, or other in«line components shall be
independently supported.

F. When tees are used in routing of tube track, track
gupports shall be arranged as shown below:
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7.1,11.3,2 Ingulated and Heat Traced Applications

The following criteria apply for insulated and heat-traced tubing.
Other cvonstraints may also apply based on the specific application.

A. The maximum number of tubes per track shall re two (2) for
1/4%, 3/8", and 1/2" tubing.

B. Insulation and heat tracing of 5/8%", 3/4", or 1" tubing
may require additional analysis.

C. No more than two (2) heat trace cables ghal oe allowed
per track.

D. Ins.lation shall be fiberglass, no thicker than 1-1/2%,
The ingulation shall surround the tube track and have an
inside diameter of 3" for L2x2 angle and C2x1 channel
track, and 3-1/2" inside diameter for Cdxl channel track.

E. Tubing shall be attached tc the tube track at a maximum of
2'-0" and & maximum -~ ¢ 3’~0" spacing.

F. Reservoirs, valves, or other in-line components shall be
independently supported.

7.1.11.4  Juppoxrt and Mounting Reguirements

Tubing that is routed in two or more Seismic Category I structures
(Reactor Building, Containment, Main Steam Valve House, Nuclear
Annex, Diesel Generator Building, etc.) must be verified to have
sufficient flexibility to allow for differential building
displacements.

Non-safety related manifold wvalves, solenoid wvalves, and
instruments located over or near safety-related equipment or
components shall be supported using the criteria in this section,
unle” justified by analysis. This will prevent any damuge,
degradation, or interference with the performance of eguipment
required for safety functions,
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7.2.1 GENERAL

HVAC ductwork shall be desianed and supforted to withstand decad
weight (DW) and seismic loadina, as applicable, The design and
analysis guidelines herein apply to the HVAC supports/restraints
{(8/Rs) to maintain S/R stresses within allowables and limit
ductwork deflections to maximum deflection (Ag) criteria,
Limiting ductwork displacements to A, allowables precludes
rigorous analysis of the -shegt metal ductwork to ensure its
integrity.

HVAC ductwork S/R systems shall be designed in accordance with
American Institute of Steel Construction (AISC) standards
(ANSI/AISC N650 for safery-related sgystems, Manual of Steel
Construction feor non-gafety related systems).,

7.2.2  DESIGN CONSIDERATIONS
7.2.2,1  Gravity (fead Weioht, DW)

Dead weight (DW) loads inciude the weight of the ductwork itself,
in~line components (e.g., dampers), axternally mounted components,
insulation, plus the weight of the S/R or stiffeners, Other DW
loads such as ice, snow, et¢. are included where applicable, DW
ioads are considered for both selaric and non=-seismic S/Rs.

7.2.2.2 Seismic
7.2.2.2.1 Safety-Related Ductwork

Seismlc S/Rs shall be used for all HVAC ductwork required to

gartorm 4 safety function, Seiemit load determinatien is discussed
n Section 7.2.4.

The OBE and SSE shall be considered separately with the OBE loads
used for the level B load combination and the SSE loads used for
Levels C and D, Both horizontal and the vertical compenents of the
geismic excitation shall be aprlied simultaneocusly in the direction
that will produce worst-case streszes and deflections,

7.2.2.2:.2 Overlap Regions

In areas where non-safety related ductwork passes over or near
safety-related egquipment or componentg, the support/restraint and
duct system must be designed so that 1t can maintain its structural
integrity. This will prevent any damage, degradation, or
interference with the performance of equipment required for safety
functions,

Lt

DRAFT

April 28, 1992

e e




In liew of designing the entire ductwork system to withstand a
geismic event, those portions c¢f the duct passing over safety-
related ipmest or components may be isolated from the remaining
duct by flexible duct connections and/or walls and supported
selismically.

7.2.2.3  lherpal Expansion

Thermal expansicn loads are negligible and are not considered.

7.2.2.4 Juternal Pressure

Internal pressure loads are negligible and are not considered for
the duct 8/R system,

7.2.2.5  Exterpal Presgure Differential (EED)

Dynamic external pressure loads resulting from postulaited pipe
breaks shall be considered for safety-related ductwork or ductwork
whose failure could damage, degrade, os intarfere with the

performance of safety-related eqguipment, This condition will
normally be precluded by ductwork routing away from the affected
area.

7.2,3 DESIGN LOAD COMBINATIONS

The lcading to be considered for the S/R system for the various
Service levels are as follows:

A (Normal) DW

B (Upset) DW + OBE

C (Emergency) DW +. SSE

D (Faulted) DW + SSE + EPFD

7.2.4 ANALYSIS AND ACCEPTANCE CRITERIA

T.2.4.3 General

The general analytic/design procedure which shall be used to design
HVAC S/R systems is as follows:

A. Determine S/R locations and types using the guidelines
given in Section 6.3.5,

B. Determine the response of the 5/R gystem. Two methods of
response determination shall be employed.
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1. Btatic Coefficient Method

2. Dynamic Analysis Method

Both the static coefficient method and the dynamic
analysis method of response determinatior can yield an
equivalent static approach to the seismic analysis of the
8/R system, Descriptions and usage guidelines for these
two methods are given in Sections 7,2.4.3 and 7.2.4.4,

C. Calculate S/R lcads,
D. Design supports/restraintsa,

7.2.4.2  Ramping Values

Dam inj values shall be similayr t¢ piping systems, A damping value
of 5% may be used for both OBE and SSE.

"02¢‘-3 ﬁ;ﬂ;ig sriﬁ:ti;]ﬁn"bﬁf' h -vii

The static cvefficient methoa is & simple conservative analysis

method., No determinaticn of natural fregquency of the system is

made. Instead, the system responsge 18 assumed to be the peak of
the required respongse spectra. This respense is then multiplied by
a static coefficient of 1.5, This coefficient takes into account
the  ~2ffects of both multif{reqguency excitation and =ultimode
response. Having determined the peak response accelerations for a
given system, the S/R loadings can be obtained by multiplying this
acceleration by a factor of 1.5 and the participating mass.

This method of responge deLermination will give risge to large S/R
loads for the Upset and Faulted conditions. These lnads must be
safely sustained by the S/R and the structure te which the 8/R is
attached.

7.2.4.3.1 Static Coefficient Metrhod Calculation

The S§/R loadings are calculated by the Static Coefficient Method as
follows:

A, Determine Participzting Load

To establigh the nar_‘cipating lecad (PL), all ductwork,
and the 8/R system shall be modeled as a series of simple
beams between £/Rs providing similar directicns of
rescraint, The PL ghall include the weights of all
ductwork and S/Ks included in the segment of ductwork
being considered. Waight of other 8/Rs, however, may be
neglected.

DRAFT 35 April 28, 1992




R e N e i e e o e
= O, - = ‘. ™ E - -

B. Determine Normal Load
The normal load (NL) is the same as the .l when
consnidering the vertical direction only. When determining
loading in any other direction, the NL is equal to zero,
C. Determine Upset Load

The upset load (Ul) ig determined hy:

UL=NLt (PLXS s (Egqn. 7.2-1)

Where: 6., = OBE Seismic Coefficient

OBE = Operating Basgsis Earthquake loading, represented by:

OBE=PLXS a5 (Eqn. 7.2-2)

D. Faulted Load
The faulted load (FL) may be determined by:

FL®NL# (PLXS ) (Egn. 7.2-3)

Where: §&,, = SSE Seismic Coefficient

ESE + Safe Shutdown Earthquake loading, represented by:

The values for S are the peak responses for the different
areas and elevations from the "Acceleration Response Spectra
Curves", multiplied by 1.5 as indicated in Section 7.2.4.3,

The maximum deflection (A,,,), that may be sustained &o that
the duct functien is not impaired shall be determined by
analysis.

7.2.4.4  Dynamic Analysis Method

For the dynamic analysis method the ductyw .k and S/R system is
modelled to best represent its mass distribution aid stiffness
characteristics. This model is then analyzed to determine if iy is
rigid or flexible. All systems having natural! frequencies greater

April 28, 19982
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1. Plan View
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3, Calculate Duct Stiffnesses (Assumes S/Ri as infinitely

rigid)

For the simple beam mcdels and loadings shown, the
-al ("x') deflections are:

maximum 1 g

Where: A

(2] bt bes E
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(Egn. 7.2-5)

(Egqn. 7.2-6)

Maximum dugy deflection (in)

S TE T el
WS

loading per unit length(lbs/in)

= Duct length (in)

uet modil

.
Vs siilltal

ict gection modulus
us of elasticity

(in)
{psi)

Apr.l

28, 1992



DRAFT

Note: For loading distributions other than that
shown, appropriate expressions for A, should
be developed.

K, ull‘(lbsljnch) (Eqn. 7.2-7)
_Ma
Kyt -‘E‘!ii'zbn/xnch) (Eqn. 7.2-8)

Where: K,. = Duct stiffness (lba/in.)

vealeculate particivating mass {pac--icipating load, FL)
an JAha wpplicable direction acting on the §/R being
analyzed.

W, 1, Wl
;z ‘4“.3._'. .p‘m (Egqn. 7.2-9)

Plg/p ®Pgp *

Where: Py, = §/R weight (lbs)

% Note that only S/R, is considefed as it falls within
the half-epan (1./2) being considered for 8/R,. 1In
general, only these S/Rs falling in the half-spans
nearest the §/F beirg analyzed need to be
considered in the participating mass (PL)
calculation, The effects of these S/Rs nay be
shown to be negligible and not considered in the
analysis.

Calculate Ay, ¢ in the applicable direction dug te a
l g loading. This calculation may be performed by
simplified hand calculetion methods or by computer.
Note that for this example the applicable direction is
in the 'x' direction,

Calculate stiffrness of the 8/R in the direction
considered.

Ky/n® -23/8 ( 1bs/ inch) (Eqn. 7.2-10)

MAXg 4
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7. Develop the spring-mass model and calculate the
equivalent ‘system’ stiffness.

Ks/R

Note:

For the lateral and vertical directions the
spring-mass model used is as follows:

M, = sl (Egn. 7.2-11)
g
K Where: PL,, from Step 4 (lbs)
*Duct M. = Total mass (lhbin)

g = 386.4 in/sec’

The equivalent stiffness is given by:

1. 1 |
(Eqn. 7.2-12
K&O K‘un.x:am K”‘ - :
.-OR..
(K + X ) X,
Kyt =2t ton 2. bg/inch) (Eqn. 7.2-13)
Kl.‘n "Kl " i KR.’ b ]

As an alternate, a single span system model may
be used. Effective mass and spring rates of
the 5/Rs are ured, The system frequency of the
actual spans on either side of the S/R are
determined separately with the lower of the two
gontiolling. Typically, the longer span of
duct and/or the duct with the lowest section
preperties control. =ach S/R is required to
support a weight of duct eguivalent to the
weignt of the chosen span of duct,

The alternate single span spring-mass model would be

as follows:

Where: ¢ = 386.4 in/sec’
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Wi "_._’_‘.‘_f'__"’b (qn. 7.2-14)

The equivalent stiffness 1® given by:

e S e ol
K

K/, *Kesn, Kouee

R -

Kpuer ( Koz *Kasp,) (1bs/inch)
ng‘ 5/, K"'

Where: |
[
1 r
r A (Bgn. 7.2-185) |
ﬂ”' Duce a~; |
pr ]
|
k> PRE. (Eqn. 7.2-16)
MAX g

5 w1t (Eqn. 7.2-17)

Both of these spring~mass models will produce
frequencies lower than a complete system model.

8. Calculate the natural frequency of the system.

T R e

4 o e—

e . (Eqn. 7.2-18)
3 Taye® 2“V M.,

ft e

i ng (Bgqn. 7.2-19)

1 v
fnoya "‘;\'

A i I e
v ; oL Al
Shh L

Where: fn,, = System ratural frequency (Hz)

DRAF'T 41 April 28, 1992




1f tn,, is greater than the ZPA, the svstem is rigid
and the appropriate seismic acceleration coefticient
is chosen from the "Acceleration Response Spectra
Curves." Upset and Faulted condition loadings are
then calculated as cutlined in Section 7.2.4.3. The
values for § in this case are the ZPA acceleration
coefficients for the areag and elevations from the
“Acceleration Respense Spectra Curves."

D, Axia' S/Rs

This functioni type of S/R is considered in a separate
category since an AE/L stiffnegss is being evaluated for
the ductwork.

1.

—

DRAFT

Plan View

A“ I,, 0),1 A?l x.‘l m.‘

17 T e
=

E/Re 1 and 5 are vertical=lateral £/Fs (x-y)
S/Rs 2 and 4 are vertical S/Rs (y)
S/R 3 is an axial 8/R (z2)

Determine applicable lengths of ductwork and calculate

ductwork stiffness, Axial direction stiffrness is
given by:
xMt-i‘f (Eqn. 7.2-20)

Where: A = Cross-sectional area (in®)
E = Duct section mcdulus (psi)
L = Applicable length (in.)

Note: If duct area varies in length L, the average
area (A,,lcan be used, as shown below:
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3,

AL
A it (Bqn. 7.2-21)

A K
Ktm""i:"' (1bs/inch)

E
x,m-i‘zt!- (1bs/inch)

Calculate participating mass (PL) in the applicable
direction acting on the S/R being analyzed.

Plg/g *Pyjn,* (@ L+ @, L) * (Pojp *Prip * Py, *Pyp,) *

(Egqn. 7,.2-22)

* Note that all 5/Rs in the applicable duct lengths
are considered in this example, The effects of
these S, "s may be shown to be negligible and not
considered in the analysis.

Calrulate Ay, s in the applicable direction due to
the 1 g loading. This calculation may be pecformed by
simplified hand calculation methods or by computer,
Note that for this example the appiicable direction is
in the "2’ direction.

Calculate stiffriess o¢of the S/R in the direccion
considered (z).

P Ll’l!

KS/.'” I—M-:-J-
L

Develep the spring-mass model and calculate the
equivalent ’‘system’ stiffiness.

For the axial direction, the spring-mass model is as
follows:
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Where: PL,,. from Step 3 (lbs)
g = 386.4 in/sec’

The equivalent stiffrness is given by:

P S
Ko K" Kipee “arn
«OR~
(K )K
1w * K s/R
Kpo® X *Ka 5 (1bs/inch)

7. Calculate the natural freguency of the system.

[-x
Toye™ 2u\ Moo

1 | X
D F5\ T

8. 1If fn,, is greater than the ZPA, the system is rigid
and thp appropriate seismic acceleration coefficient
is chosen fror the “Acceleration Response Spect-a
Curves." Upset and Faulted condition loadings are
then calculated as outlined in Section 7.2.4.3, The
values for & in this case are the ZPA acceleration
coefficients for the different areas and elevations
from the "Acceleraticn Response Spectra Curves."

7:2:9% ALLOWABLE STREL.) CRITERIA

All HVAC S/R systems must be able to safely sustain stresses
indiced by the various Jloading conditions. The criteria
determining the allowable stresses are established using
conservative values in compliance with the requirements of CESSAR-
DC and ANSI/AISC N690, These values are provided as a basis for
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evalucting the required structural integrity of the

suppori./restrainta,

Stress levels for the various operating conditions shall be as

follows:

Normal=- Upset~- Emergency~- Faulted=-

Basic Struss Bagic Stress 1.6 x Basic 1.7 x Basic

Allowables Allowables Stress Stress
Allowables Allowables

In addition to satisfying the above stress limits, the S/R system
must be designed to safely transfer all loadings to the structure.
Coucrete expansion anchors musy therefore be subject to the margins
of safety specified in NRC IE Bulletin No. 79~02.

7.2.6 ALLOWABLE DEFLECTION CRITERIA
Noe S/R deflection limitaticns other than those implied by the

stress criteria given in Section 7.2.% and any S/R systen sntiffness
requirements are imposed,
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7:3.:1 GENERAL

Cable tray and conduit shau.l analyzed in a similar manner as
HVAC ductwork, designed and supported to withstand dead weight
(W), thermal (T), and seigmic . )ading, as applicable. The design
and analysis guidelines apply te the cable tray and condugt
supports/restraints (8/Rs) to ruirtain S/R  stresses within
allowables and limit the cable %“ray and condait deflections,

Cable tray and conduit S/R systems shall be designed in accordance
with Americen Institute of Steel Construction (A.SC) ctandards
(ANSI/AISC N690 for safety-related systems, Manual of Steel
Construction for non-szafety re.atrd systems)

7.3.2 JESIGN CONSIDERATIONS

7130'2@1 ww

Dead weight (DW; loade inclade the weight ¢f the cable tray or
conduit iteself, fittings, externally mounted compunents, cable tray
covers, fireproofing, plus the weight of the §/R or stiffencrs, DW
loads are considered for both seismic and non-seismic 8/Rs,

7,3.7 . asismig
7.3.2,2.1 Safety-Related Cable Tray and Conduit

seismic 8/Rs shall be used for ail cable trays and conduit required
to perform a safety function, Seismi¢ 5/Rs ave discussed in
Section 7,3.5.

The CBE and SSE shall be considered separately with the OBE loads
used for the Level B load combination and the SSE loads used for
Levele C and D. Both horizoental and the vertical coanpononts of the
seismic excitation shall be applied simultaneouuly i the direction
that will produce worst-case stresses and deflectichu,

7.3.2.2.2 Overlap Regions

In areas where non-safety related cable tray/conduit passes over or
near safety-related equipment or components, the suppert/restraint
and cable tray/conduit system nust be designed so that it can
maintain its structural integrity. This will prevent any damage,
degradation, or interference with the performance of eguipment
required for safety functions,

In lieu of designing the entire cable tray/conduit system to
withstand a seismic event, those portiona of the cable tray/conduit
passing over safety-related equipment or compenents may be isclated
fron the remainder of the system and supported seismically,
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7.3.2.3  Ihermal Expansion (1)

‘Thermal expansion loads (T) shall be considered.

7.3.2.4  Exterpal Presgure Diffgrential (EPD)

Dynamic external pressure loads resulting from postulated pipe
breaks shall be considered for safety~related cable tray and
conduit whose faulure could damage, degrade, or interfere with the
performance of safety-related egquipment, This condition will
normally be precluded by r. ting away from the affected area.

Toded DESIGM LOAD COMBINATIONS

The design loading te be considered for the §/R system for the
various Service Levels are as follows:

A  (Noxmal) W + T

B (Upset) DW + T = OBE

C (Emergency) W + .7 ¢+ SSE

D (Faulted) DW-# T 4« SSE + EPD

7.3.4  ANALYSIS AND ACCEPTANCE CRITERIA
7.3.4.1  General

The general analytic/design procedure which shall L~ used to design
cable tray and conduit S$/R systems is as fouilewa:

A. Determine §/R locations and types using the guidelines
given in Section 6.3.8.

B, Determine the response uf the S/R system, Two methods of
response getermination shall e employed.

1. Static Coefficient Method

2., Pynamic Analysig Method

Both the static coefficient method and the dynamic
“nalysis method of response determination can yield an
equivalent static approach to the seismic analysis of the
S/R system. Descriptions and usage guidelines for these
two methods are given in Sections 7.3.4.3 and 7.3.4.4.

C. Calculate S/R loads.
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7.3.4.2  Dameing Values

Design supports/rescraints.

Damping values shall be similar to piping systems, I damping value

of 2% may be used for the OBE load case and 4% for the SSE load
case,

7.3.4.3 Static Coefficient Method

The static coefficient method is a simple conservative analysis
method, No determination of natural frequency of the system is
made. Instead, the system response is assumed to be the peak of
the required response spectra, This response is then multiplied by
a static coefficient of 1.5. This coefficient takes into account
the effects of both multifreguency excitation and multimode
response., Having determined the peak response accelerations for a
given gystem, the §/R loadings can be obtained by multiplying this
acceleration by a factor of 1.5 and the participating mass.

This method of response determination will give rise t¢ large S/R
loads for the Upset and Faulted condirions. These locads must be
safely sustainel by the S/R and the structure to which the S/R is
atrtached.

v AR N U TS | Static Coefficient Method Calrculation

LATER
7.3.4.4  DPynamic Abalysgis Method

Fo. the dynamic analysis method the cable tray/conduit and S/R
gsystem is modeled to best represent its mass distribution and
stiffness characteristics. This medel is then analyzed to
determine the system response,

T-3. 481 Dynamic Analysis Method Calculatien
LATER
v N . ALLOWABLE STRESS CRITERIA

All cable tray/conduit S/R systems must be able to safely sustain
stresses induced by the var.ov~s loading conditions. The criteria
determining the allowaple stresses are established wusing
censervative values in compliance with the requirements of CESSAR~
DC and ANSI/AISC N690. These values are provided as a basis for
evaluating the requirz4d structural integ:ity of the
support/restraints.

w
D
ok
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Stress levels for the various operating conditions shall be as

follows:

Normal=- Upset~ Emergency= Faulted-
Bagic Stress Basic Stress 1.6 x Basic 1.7 x Basic
Allowables Allowables Stress Stress

Allowables Allowables

In addition to satisfving the above noted stress limits, the 3/R
system must be design2ad to safely transfer all lecadings to the
structure. Concrete expansion anchors must therefore be subject to
the mazxgins of safety specified in NRC IE Bulletin No. 78-02,

% ALLOWABLE DEFLECTICN CRITERIA

No 8/R deflection limitations cther than those implied by the
stress criteria given in Section 7.3.5 and any S/R system stiffness
reguirenents are imposed.
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7.4.2

7.4.3

7.4§‘

73"5

7.4.8

7.4.7

7.4.8

7.4.9

7.4.10C

814

7.4.12

7.4.13
7.4.14

CESSAR Design Certification, System 80+™ Standard Design.

ASME Boiler and Pressure Vessel Code, Section III, Nuclear
Power Plant Components, Class 1, 2, and 3.

Agnﬂ Code for Pressure Piping, B3l, Power Piping, ASYE
B31.1.

ASME Code Case N-411-1, "Alternate Damping Values for
Response Spectra Analysis of Class 1, 2, and 3 Piping,
Section 171, Division I%.

USNRC Regulatory Guide 1.92, "Combining Modal Responses
and Spatial Components in Seismic Response Analysis.

USNRC Regulatory Guide 1.76, "Design Basis Tornado for
Nuclear Pcwer Plants.™

Texas Utilities Letter TXX 2423, " Comanche Peak Steam
Station, Suncticnal Capacity of ASME Code Class 2 and 3
Stainless Steel Elbows".

NCIG~14, "Procedure for Seismic Evaluation and Design of
3mall Bore Piping", EPRI NP-6628 April 199%90.

ANSI/AISC N630, "Nuclear Faciliries-Steel Safety-Related
Structures for Design Fabrication and Erection",

MSS~-SP~58, "Pipe Hangers and Supports=Materials, Design
and Manufacture",

USHRRC Branch Technical Position, MEB 3=1 ¢f EStandard
Review Blan 3.6.2 in NUREG~080C.

ANSI/ANS 58.2, "Design Basis for Protection of Light Water
Nuclear Power Plants Against the Effects of Poustulated
Pipe Rupturs.,”

AISC Manual of Steel Construction.

NRC IE Bulletin No. 79%-(02, Revision 2, November 8, 19785,
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CONDITION
3N D"égﬁ 1A
Conditions
2. Normal and 2a.1
Upset
Ca..dit ions
{5) {6)
2A.2
2A.3
2A.4
28.%
2B.2
2B.3
2B . q
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TABLE 7.1-2

SIEP
Prim&rX Stress
Intensity Limit

Primary ¥lus
Secondary Stress
Intensity Range

1f EQ.10 is met)
calculate Faak
Stress Intensity
Range (8,). If
not, skip to Step
25,1

Calculate
Alternating Stress
intensity (8.0

Evaluate Cumulative
Usage. . If
acceptanle, proceed
to gheck Faulted
Conditions

if EQ.10 is not met,
pexform Simplified
Elastig-Flastic
Discontinuity
Analysis (4)

Check Primary Flus
Segcondary Stress
Inceficity Range

Calculate S,

Evaluate Cumuiative
Usage. 1f
acceptable, proceed
ta check Faulted
Conditions

EqQ. 10/NB-3653.1

Eq. 11/Ns8-36353.2

Sai, * 1/2 Sp
'3

NB-3653

NB~3653
NE- 3222

Eq. 12/
NB-3653

Eq. 13/
NB=-3€53

Eq. 14/
NB-3€53

NB-3653
NB-3222

HECK FOR COD
Hﬁﬁiifjﬂﬁﬂliﬂi
Eq. 9/NB~3652

6(b)

i

e e e e L e

T T ——

4, 3653.5 (
Ate) (5) '

g

.6(a)

NS TRt NON .

e R S —

B{c)

4, 3653.5 ;
JAle) (5) ,
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TABLE 7.1+2 (Centinued)

il 3. Emergency LATER
= Conditions :

4. Taulted 4a Petermine maximum App. F (8)
Coaditions faulted pressure ‘

¥ 4B Check Primary App. F (8)
- Intensity Limit

tr

Testing A Check Genesal NB-3226 (a) ,
Condit.ons {7) Primary dembrarne
Stress Intensity ;

5B Check Primary NB-3226 (b)
Menbrane Flus
Bending Stress
Intensity

et a2

5C Chegk External NB~3226 (c) E
Fressure
SD Incorporate Test NB~322€6 (d) :

1 P i e
-

Condition into NB-3226 (e)
Fatigue Evaluation

R, e T N N
-

B B =
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TASLE 7.1-2 (Continued)
Sede Compliance Ceiteria for ASME Class 1 Piping

If Eq. 10 is not met, the component may still be aetiatactoxg
provided Eq. 12/ WB-36571.6 is mét or the requirements of N5-3200
are satisfieu.

The purgcse of this eguation is to caicuiate the valun of fp
e

using the same lcad sers used to evaluate By, 10.

8S)ie. is nsed in conjunction with the Desion Fatigue Curves %o
determine the aliowable number of cyecles per NB~3633.4.

Qualifying Normal/Upset Conditions using the simplified Elastic~
Plastic Discontinuity Analysis per B3, 12 is necassary only for
points that do not satisfy Eq. 1U.

The method for analyzing Upset condirions is the same as for
Nermal per NB-365¢,

These limits must be ratisfied for all possible rauges,

Alternatively, Test Conditicns can be in¢luded ay part of Normal
and Upset Conditions te be checked,

Article referenced is taken from tne ASME Bciler and Pressure
Vessel Code, Section III

S aali= el b S
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. R Normal

4. Sustained
Loads (4)

b. Thermal
Expansion

: ¢. Sustained
] Loads +
e Thermal
) Ezpansion

2. Upset

3. Emergency

4. Faulted

0 Functional
Capability

DRAFT

Pressure
Weight (€)

Thermal Expansion
Thermal Anchor
Movements

Pressure

Weight (€)
Thermal Expansion
Thermal Anchor
Movements

Pressure
Weight (8)
DFL (2)

QOBE {(Inertia)
OBE (Anchor
Movements) (1}
or Wind (8)

Preggure
Weight (6)

DFL {2)

§3E (Inertia)
o Tornada {(8)

Pressure
Weight (6)
Pipe Rupture
ESE (Inertia)
DFL (2)

Pressure
Weight ()
SSE ([rertia)
DFL (2)

Pipe Rupture

TABLE 7.1-3

(T T i W] B § e . T~

Eq. 8, NC/ND-3652 i

Eq. 10, NC/ND-3653,2

Eq. 11, NC/ND-3653.2 E

Eg. 9, NC/ND-3653.1

Eq. 9, NC/ND-3652.1

Eg. 9, NC/ND~3653.1

See Note 7
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TABLE 7.1~3 (Continued)

Stresses dus to seismio dizplacesments such as anchor movements
may alternatively bhe considered as secondary stresses and
combined wirh thermal expansion in Bg. 10 otr 11 and omitted from
Eeq. 9.

Ovnamic r;uid Loads (DFL) are occasional loads such as
safetz/rexiaf valve thrust, steam hammer, vater hammer or loads
associated with Plant Upse~s 2r Faulted Condition as applicable.

Stresses must meet the reguirements of either Eq. 10 gr Eq. 11
{i.e. Loth conditions need not be satisfied).

If, during operation, the system normally carries a medium other
than water (air, gas, steam), sustained leoads sbtould be chucked
for weicht loads during hydrostetic testing as well as normal
cperation weight loads,

Articles referenced from the ASME Boiler and Pressure Vessel
Code, Section IIl.

Weight loads include all sustained Mechanical Loads,

Functioral capability is not a srandard ioading condition as
definecd by the ASME Codae. Howev
maintained for ASME Class and 3 stainless steel elbows. 3See

7
Appendix 7B for the acceptance criteria.
Wind and tornade loads are not combined with eartnquake loading,

Dynamic load. are combined by the square root of the sum of the
squares {SRS3).

var, functional capability must be
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Percent Pressure Risa, 8% x 190

FIGURE 7.1-2
Percent Pressure Rise vs, Valve Closing Time

18
L i L] | j
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Valve Closing Time |
14 (For various initial flow velocities) | |
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Dimensions ll and ’2 are defined as follows:

NOMINAL MINIMUM MAXTMUM
XI: 6" Weld Clearance 6"
12: L/4 L/8 L/4

WHERE: L=ANSI B31.1.0 Recommended Weight Span per Table 121.1.4

PRAFT 6l April 28, 1992



Dimensions £, and I, are defined as follows:

NOMINAL MINIMUM MAXIMUM
113 6" Weld Clearance 6"
[2; L/4 L/8 L/4

WHERE: L=ANST B31.1.0 Recommended Weight Szan per Table 121.1.4

ARART . 1 3
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1.0 3

meeting the functicnal capability criteria when
equation is met.

APPENDIX 7B

Y REQUIR :

required on elbows with D/t > 50.

E
ﬁ  ASME Code Class 2 and 3 stainle.s steel elbows will be accepted as
|I=|
|
£

1

L

L

1

|

|

g

y Where: B, =

: And: B, =

; B? "

F

! =

)

I' =

&
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|

! h =

]

f «, =
R =

s‘

X r =
. . g
3 D, =

: t =
] s
5, =
E
1 DRAFT
:

i

the following
Functional canability evaluations are only

B,( PD"J#B,(%I)Q .88 (Egqn. 7B-1)

2¢C

(~0.1 + 0.4Rh), and 0 £ B, £ 0.5

0.5 for B, = 1.0
1.3/h%? for e, > 90°
0.895/h" ¢ for =, = 907
1.0 for =, = Q¢

but not less than 1.0

Linear interpolation is allowed for wvalues
between 0° and 30°.

tR/x?

angle of the bend

elbow bend radius {inch)

mean radius of pipe (inch)

pipe design pressure (pegig)

pipe outside Jdiameter (inch)
neminal pipe walli thickness {(inch)

momernit associated with plant faulted loads

yield strength cf material at desion temperature

7B~1 April 28,
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APPENDIX 7A

flexible because of NCP considerations alone may require tuo many
seismic snubbers,

The approach in considering piping system thermal flexibility
should be to route the pipe sudiect to the thermal loadings, vthar
NOP 1loadings, seismic loauings and stress and fatigue iimits.
Revisions or limitations to cervain thermal modes of operation may
need to be considered n order to satisfy thermal flexioilicy
requirements. Determination of & leakage crack length for 1BB
cshould be made on the kasig ¢f the NOP pipe loads generaied or may
be conservatively calculated by upplying operating pressurw alone
to the crack mcidel (see Appendix 7A, Section 1,3.3).

1.1.2 LEAKAGE DETECTION SYSTEMS (LDS)
CESSAR~DC, Secti>n 3.6.3.3.1 states the following:

A leak detection system i1s recommended by Regulatory
Guide 1.45 capable of dntecting a leakage rate of...1.0
gpm.. . or less,...from . e pripary system. NUREG-1061,
Volume 3, recommends @ safety margin of ten on the leak
datection system, Diverse measurement means are
provided, " including water inventory munitoring, sump
level and flow monitoring, and measurement of airborne
radicactive particulates or gases....Leak detection
system regquirements to support the LBB anal sies for main
steam line piping are met by a combination of humidity
detectors, condensation on the containment air coolers,
radiocactive airborne activity sensors and sump flow and
level meters.

The varicus meang of leak detection support, but may not Dbe
degigneu specifically te, the reguirements of the LBB evaluation.
Regulatory Guide 1.45 requires a .DS system capable of detecting a
1.0 gpm rate or less, independent of LBE reguirements. The LB2
evaluation, however, depends on these "diverse measurement means”,
their diverse sensitivities and accuracies, which constitute the
wDS, in order to correlate a crack length to a flow rate ten times
the leak detection capability, Unless oth-.wise justified, the LBB
evaluations of System B0+ piping systems should be based on a leak
detection capability of 1.0 gpm and a safety margin of 10,

1.1.3 CONSIDERATION OF PCTENTIAL FOR DEGRADATION SOUPCES
CESSAR-D{, Section 3.%.,3.,1, states the following:
Piping evaluatad for LBB is first shown to meel the

applicability requirement of NUREG~10¢l, volume 3
(Reference 2.1, The plping is designed to meet the

DRAFT Th=2 April 28, 1992

PR e WPy ——






O
I
o
if
Y
i

e ol e w T W SR A=
sfel TR T Wi T -

T—— T e —— ———

APPENDIX 7A

1.2 CRITERIA
1.2.1  APPLICABILITY OF LaB

CESSAR-DC, Section 3.6.3.,1, outlines the LBB applicability
requirements for a piping system by committing to the
applicabilitg requirements of Reference 2.1 (also see Appendixzx 7A,
Section 1.1.3),

1.2.2 DETECTABLE LEAKAGE RATE REQUIREMENT

Per Reference 2.1, the detectable leakage rate reguirement cof the
leak detection system is 1.0 gpm or less, The leakage crack to be
subjected to the crack stability analyses must leak at a rate ten
times the capability ot the LDS. CESSAR-DC, Sention 3.6.3.3,
commits to these reguirements of Reference 2.1. Unless otherwise
jugtified, LBB evaluations should be based on a leak detection
capability of 1.0 gpm.

1.2.3 STABILITY ANALYSIS ACCEPTANCE CRITERIA

CESSAR-DC, Section 3.6.3.3, summarizes the stability analysis
acceptance criteria as follows:

A. Cracke which are assumed to grow through the pipe wall
leak significantly while remaining stable. The amount of
leakage i. detectable with a safety margin of at least a
factor of 10,

B. Cracks of the length that leak at the rate in A above can
withstand normal operation plus maximum design loads with
a safety factor cf at least V2.

C. Cracks twice as long as those addresse in B above will
remain stable when subjected to normal operation plus
maximum design loads.

NOP and maximum design loads are defined in Appendix 7A, Section
s 30 P

1.3 ANALYSIS

1:3.1 DETERMINATION OF LEAKAGE CRACK LOCATIONS

It is a regulatory requirement that L32R be applied to an entire
piping syitem or analyzable portion thereof, typically segments

located betweer ancher pointes. Therefore, for practicality,
locations of higher maximum design loads should be determined in

Th=4 April 28, 1992
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APPENDIX 7A

order to reduce the number of locations where the LBB evaluation is
to be perfor.aed.

A screening process based on comparison of the maximum design loa:,
to crack length (i.e., applied mcoment te the square of the crack
length "a") can be used to determine the locations where crack
stability is most likely to be challenged. These lncations become
the basis for lcoccating leakage cracks to be eva..ated. Simple
criteria may bLe developsd for screening. For example, locations
with significant.y lower maximum desgign loading and similar NOP
loading may be eliminated from further consideration. Large
diameter pipes with low NOP and maximum design loads compared with
more highly loaded locations can be eliminated., Smaller pipes are
more difficult to screen sirce the final margin on crack size (2)
or final margin on load (2) each have the potential of being the
limiting criterion., These two margins are equally limiting for
larger pipes, which vemain mostly elastic.

1.3.2 FIcW RATE CORRELATION

The leakage crack size must be correlated to the LUS capability.
In order to simplify the LBB evaluations and provide safety margin,
the value of 250 gpm/in®? should be used for the leakag? rate in the
primary system. A value of 40 gpm/in’ of condensed liquid should
be used for the leakage rate in the main steam linc. These values
account for variables such as surface roughness of the side walls
of the crack, the nonparallel relationship of the side walls due to
the elongated crack shape, and possible zig-zag tearing of the
material during crack formation. The selection of the respective
value above as a conservative lower bound is supported by Reference
2.2, For example, in order for 10 gpm leakage to occur at a rate
of 250 gpm/in’, the leakage area must be 0.04 in®. Similarly, in
order for 10 gpm leakage tc occur &t a rate of 40 gpm/in’, the
leakage area must be 0,25 in‘. These respective crack openiny
areas should be used to determine the length of the detectable
leakage crack for stability evaluaticns vnless another correlation
is justified.

1.3.3 PRELIMINARY LBB EVALUATION USING EPRI/GE ESTIMATION OR
SIMILAR METHOD (Where Apclicable)

The approach being taken toward design certification of System 80+
is to inciude LBB considerations in the piping design., One aspect
of the LBB evaluation pursued for each selected piping system is
performance of a preliminary LBB evaluation prior to and
independent of pipe routing. This evaluation is used to provide
the Liping designer with LEE acceprance criteria, in terms of a
w2 ge of materials, pipe sizeg and NOP and maximum design loads for
all locations on the pipe. If the acceptance criteria is met, an
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APPENDIX A

acceptable result of the LBE evaluation of the final design is
assured. The range of piping parameters developed by this
preliminary evaluation forms a "window" of acceptance criteria
wnich the piping designer can utilize to route, design and support
the piping system,

The preliminary 1LBB evaluation does not require determination of
specific leakage crack locations, detailed analysis of finite
element crack models, or pricr calculation of NOP or SSE pipe
loads. Crack opening areas can be calculated for large diumeter
pipes using methods such as the FPRI/GE estimation method of
elastic-plastic fracture mechanics. The EPRI/GE estimation method
relies on a catalog of pre-analyzed pipes for a variety of sizes
and material behavior. For smaller diameter pipes, the finite
element analyses described in Appendix 7A, Section 1.3.4 are
performed.

The evaluation of crack o¢pening areas ve. crack lengths is
performed first. The EPRI/GE estimation or similar method requires
the material stress-strain propervies to be in the form of the
kamberg-0sgood law (Referenve 2.3). The preliminary analysis
utilizes best available material properties for the range of
materials being evaluated. The Ramberg-0sgood law is fit to
represent many Stress-strain curves of a range within a generic
type of material (e.g.. three different types or grades of
stainless steel). Using the material properties in the form
descriked above, the FPR1/GE method is used to calculate the crack
mouth opening dispilacements for varicus crack lengths. The crack
opening areas are estimated from the crack lengths and oSpening
displacements using an elliptical approximation for the opening
areas.

Next, the leakage rates are conmputed from the crack lengths and
opening areas. The pressure-only load and a minimum NOP load are
used to create a range of loads and a corresponding range of crack
lengths. The results are leakage rate vs. crack length curves.

The J-integral curves are then calculated using the J-integral
estimation methods of the EPRI/GE or a similar method. J-integral
curves are calculated for the leakage crack sizes for both (NOP +
Maximum Design Load) and V2 x (NOP + Maximum Design Lecad). The
applied loads are chosen to create an acceptance range.

For some piping systems, this method creates a "window" of design
requirements for the piping design. In cases where this "window"
is developed, there may be a larger range of acceptable loads
beycnd the window than the preliminary estimation method generates,
for two reasons:
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A. The detailed piping design ultimately provides actual NOP
lnads, maximum design loads, and piping design parameters
for the detailed finite element analysis of the crack in
the final LBB evaluation.

B. The crack length in the detailed analysis can be based on
calculateu rather than conservatively low NOP loads, and
will therefore be shorter,

Design of the piping system to the LBR requirements developed using
the above approach will therefore assure that LbB will be
demonstrated in the final desian,

1.3.4 DETAILED FINITE ELEMENT ANALYSIS

Detailed finite element LERB analyses are performed a= A prely .nary
analysis at the design certificatlion stage, for pipe:r fcr which the
estimation method (Appendix 7&, Section 1.3.3) is too conservative
or inapplicable. A finite element anslysis model is used to
analyze the bounding crack cases in detail. Fnr each location in
the piping system where a detailed evaluation is performed, at
least two finite element models are developed. One model
approximating the leakage crack size at normal operating loads is
used to demonstrate safety margin on the lcads. The other model,
having a crack length twice that of the first mode., is used to
demonstrate the margin on crack size. Additional crack lengths may
be modelled in order to better define the J-integral vs. crack
length relationship.

A three-dimensional iscparametric brick element is used in the
detailed analysis model. Symmetry 185 used to minimize the size of
eacn model analyzed. Constraints are impozed on the models based
on symmetry. The crack surface area is free from constraint in the
direction of the crack opening. External pipe loads are applied to
the pipe typically at a distance of five times the radius of the
pipe in order to minimize local effects in the cracked region of
the pipe.

r
L

The detailed analyses of cracks in pipe welds require consideration
of the properties of the pipe and the weld materials. Per CESSAR-
DC, Secticn 3.6.3.5, the LBE analysis of cracks in pipe welds
results in a bounding case when the material stress-strairn
vroperties of the base metal, which has the lower yield, and the
fracture properties of the weld, which has the lower toughness, are
gsed in combination for the entire structure analyzed. CESSAR-DC,
Section 3.6.3.5 summarizes materials selected for System 80+ piping
systems evaluated for LBB. For preliminary LBB evaluations, the
stress-strain curve and J-inteagral are developed from best
available information. For final LBR evaluations, the stress-
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strain curve and J-integral are developed by testing representative
samples of piping material to be used in the piping system being
evaluated. The ductile fracture parameter, J-integral, is used to
characterize the propensity for c¢rack extension and stability in
the piping material under consideration.

The primary loading on the pipes are those cccurring during NOP,
It is this loading ceondition which is used to determine leakage
crack size. Crack opening areas are calculated at each bounding
location for normal operating ceonditiors, For a 10 gpm flow rate,
the opening areas given in Appendix 7A, Section 1.3.2 are used to
determine the leakage crack length.

The NOP and maximum design load combinations are used in the
analysis to envelope the loads. The loads applied are as folleows:

A, Pressure Loads

The internal pressure is applied to¢ the inner gurface of
the pipe, and the average pressure is applied to the crack
face to account. for the pressure drep from internal to
atmospheric pressure across the crack. A longitudinal end
force equilibrating the pressure is applied remote from
the crack. The first incremental load step is scaled to
the first yield of the pipe material. Subsequent loading
is applied until full precssure is reached.

B. Normal Operation Loads

The axial force and bending moment is applied toc the
remote end of the model. The loads are applied in small
increments. This wmethod of load application allows the
analysis to precisely follow the stress~strain curve of
the material.

€, Maximum Design Loads (Largest c¢f the Safe Shutdown
Earthquake lLoads, Critical Thermal Transient Loads, or
Normal Operatrion Dynamic Transient Loads)

The same procedure followed for the NOP lvads is used for
the maximum design loads. These loads =2re applied
incrementalily to the model which is loaded by the pressure
and normal operation loads.

To evaluate margin on leads, all the loads used in Steps A to C
above are added together anu then increased to demonstrate
additional margin, per Reference Z.1. The additional loads are
applied to the model so that t - total load applied is equal to V2
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APPENDIX 7A

times (Pressure + NOP + Maximum Design Load). The resulting J=
integral value is compared to the material fracture properties in
order to demonstrate crack stability. The final LBB criteria are
J € Juy and dJ/da < dJ,,,/da for the crack sizes and lcading
previously given,

To evaluate margin on crack size, the model with a crack size twice
the assumed leakage crack length is used, per Reference 2.1. The
pressure and moment loads are applied in the same fashion. The sum
of the lcads applied is equal to (Pressure + NOUP + Maximum Design
Load) .

The J~integral technique is used to demonstrate crack stability
with the margin on load and margin on grack size. The J-integral
is determined in the finite element analysis Jor pressure, NOP and
maximum design loadinge the twe or more crack lengths for each
geometric model., The stability evaluations are made by comparing
the J vs. "a" and J,, vs. "a", where "a" is the crack size.
Intersection of the rcurves illustrates that crack stability is
assured, indicating that LBE is demonstrated for the crack
evaluated. Crack stability is assured for each location in a givan
piping system where the loads are within the window analyzed, which
demonstrates LBB for that piping systen.
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