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1. SUMMARY

This report, prepared for Dairyland Power Cooperative, presents the results
of seismic and stress analyses of the Migh Pressure Core Spray (HPCS) piping
system suction line for the LACBWR Nuclear Power Station. The seismic and
stress analyses are performed in accordance with the design requirements

for Class | piping components of the ASME Boiler and Pressure Vessel! Code.
Section 111, Division 1, ""Nuclear Pcower Plant Components'', 197+. By pro-
viding seismic restraints {(snubbers) at critical locations of the HPCS
suction line, the stresses in the piping due to a seismic event can be
reduced to acceptable values. That is, the stresses due to seismic, dead-
weight, pressure and thermal expansion loadings, combined according to the
ASME Code rules for Class | components would satisfy the design requirements
given in the Code with the addition of seismic restraints,

i=)



2. INTRODUCTION

In response to AEC/UL's request to review the effects of an earthquake event
on the LaCrosse Boiling Water Reactor, Dairyland Power Couperative requested
Gu!f United Nuclear Fuels Corporation to evaluate the adeguacy of the major
structures and equipment to withstand seisnic loadings. The seismic study
performed by Gulf United (GU) Nuclear Fuels Corporation (Ref. 1) included

an analysis of the main steam line which indicated that high stresses would
be generated in the main steam line during a seismic event. |t was aiso
evident from these analyses that the LACBWR piping systems, in general, were
not designed to accomodate horizontal accelerations, the primary earthquake
induced loading condition. Anticipating the possibility of a seismically
induced loss of coolant accident, it was, therefore, concluded that analyses
of the major Class | piping systems should be performed to evaluate their
structural integrity.

This report presents the seismic and stress analysis for the suction line of
the High Pressure Core Spray (HPCS) System, /The HPCS discharge line analyses
is presented in a separate report). The High Pressure Core Spray System is

the principal emergency :ore cooling system. |In order to verify that the
seismic stresses in the MPCS suction line are acceptable, it is necessary to
show that the combined stresses in the piping system are within ASME Boiler

and Pressure Vessel Code allowable values for Class | Component. This requires
that the seismic stresses be combined with the stresses due to deadweight,
pressure and thermal loadings in accordance with the ASME Code Section 111,.
Subsection NB rules (Ref. 2).

For the static and dynamic analysis, the High Pressure Core Spray suction line
has been mathematically modeled as a finite element model. The static response
of the HPCS Suction Line to the dead weight, thermal expansion and anchor
movement loadings have been calculated using direct stiffness displacement
methods of structural analysis. The seismic response of the HPCS Suction Line
to the operating basis earthquake (0BE) and safe shutdown earthquake (SSE)

have been determined using response spectrum, rodel superposition methods.
Stresses due to various loadings habe besn caiculated and combined in accordance
with the ASME Code Section |11, Subsection NB rules,

Section 3.0 of this report describes the High Pressure Core Spray (HPCS) Suction
Line considered in the analysis. The loading criteria, design criteria and
analytical methods used in the analyses are given in Section 4.0, 5.0 and 6.0
respectively. The result- of the analyses are discussed in Section 7.0. The
conclusions are summarized in Section 8.0,



3. DESCRIPTION OF PIPING SYSTEM

The High Pressure Core Spray (HPCS) System of the LACBWR power plant is designed
to provide an emergency coolant spray to the reactor core in the event that
reactor water level drops accidentally. This is done by either direct gravity
feed of water from an overhead storage tank to the core spray header under low
reactor pressure conditions, or by means of high pressure water injection under
high reactor pressure conditions.

In order to simplify the piping system analysis, the long and complex HPCS piping
system was divided into two sections: the first consisting generally of the
suction piping which runs from the overhead storage tank to the high pressure
core spray pumps and the second consisting of ths discharge piping which runs
from the high pressure core spray pumps to the core spray header inlet. The

HPCS discharge piping analysis is presented in a separate report. The subject
analysis of this report is, therefore, the HPCS 'suction line.

To further simplify the analysis the suction line was divided into two subsections:
Line 1 as shown in Figure 3.1-1 and Line 2 as shown in Figure 3.1-2. Line |
consists of the 4 Schedule 40S stainless steel pipe line leading from the 42,000
gallon overhead water storage tank to a 4" X 4" reducer at node point 19. A
section of the &' fuel storage well flooding line connecting at node point 18

is included in the analysis of Line 1. Line 2 begins at node 19, Figure 3.1-2
and consists mostly of 3' schedule 40S stainless steel piping up to the two ECCS
high pressure pumps. Rigid anchors located at points of expected large seismic
deflections, serve to isolate the suction lines for analytical purposes,

The governing design specification used in the analysis of the HPCS piping sys-
tem is given in Refarence 3. The piping arrangement has been taken from the
drawings listed in Reference 4. Piping properties have been taken from the
information given in the piping specification (Reference 3). The location of
piping suspension (hangers, etc.) and their dimensional characteristics were
determine. from actual visual inspection and measurements at the LACBWR site.
This information is summarized in Table A-1 of Appendix A.
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h. LCADING CRITERIA

The loading conditions which must be taken into account in performing a Class 1
analysis of a piping system are specified in Subsaction NB-3110 of Reference 2.
These include dead weight, internal pressure, thermal effects; and earthquake
loads. Design, operating, upset, emergency and fauited condition loadings

must be considered in the analysis as specified in the stress acceptance cri=-
teria (Section 5 of this report). The static and dynamic load cases considered
in the analysis are described below and the detail input data are summarized

in Table A-1I| and A-IV of Appendix A,

b1 Dead Weight Loading (Static Load Case 1)

The dead weight of the plping system is calculated assuming the system to be
insulated and filled with water. The weights of. . valves and valve operators,
with appropriate eccentricities are included in the analysis. Valve weight
and dimensions are taken from vendor drawings and information supplied by DPC
and are summarized in Table A-11 of Appendix A.

4.2 Thermal Loading (Static Load Case 2)

The HPCS suction live is basically a cold line containing room temperature water
from the overhead storane tank. Thermal expansion stresses are calculated assuming
the design temperature of 1209F to be the normal operating condition. Thermal
discontinuity and thermal gradient secondary bending stresses are negligible

at this temperature and are, therefore, not consideied in the analysis.

.3 Internal Pressure (Static Load Cases 3 and &)

The normal operating pressure for the HPCS system Is the static head resulting

from the overhead water storage tank. Constant internal operating pressures of
20 psi and 50 psi, Load Case 3, are conservatively assumed for suction lines

| and 2 respectively. A pressure of 100 psig taken from reference 3 is used as
the design condition (Load Case 4) for the complete HPCS Suction Line.

b.b Seismic Loading

A dynamic analysis of the piping system is performed using the response spectrum
modal superposition method of analysis (Section 6.4). Two seismic loading events
are considered: the safe shutdown earthquake (SSE), and the operating basis

earthquake (0BE). The estalsli . hed design criteria (Ref. 5, Regulatory Guide
1.48, May, 1973) for Class | analysis specifies that the 0BE (or 1/2 SSE) must
be considered in conjuction with the anrmal and upset plant condition while the

SSE must be considered in conjunction with the faulted plant condition.



seismic inertia loading is imposed on the piping system in the form of selsmic
acceleration spectra which were derived for the LACBWR plant (Ref. 1). The
horizontal acceleration spectra used for the HPCS lines ) and 2 are those
corresponding respectively to the subsystem support points on the reactor
containment shell at elevations of 745 feet (Water Storage Tank) and 700 feet
(upper floor). The vertical response spectrum for the SSE loading is taken
as 2/3 of the horizontal SSE ground response spectrum assuming no amplifi-
cation of vertical response in the structure. For the Operating Basis Earth-
quake the vertical piping response spectrum is taken as 1/2 of the SSE verti-
cal response spectrum. Damping values used are | percent for the 0BE and

2 percent for the SSE.

The horizontal spectra in either the global X- direction (Dynamic Load Cases

7 and 9) or the global Z- direction (Dynamic Lcad Cases 8 and 10) are applied
simultaneously with the vertical spectra in the global Y- direction. Load
cases 7 and 8 represent the Operating Basis Earthquake while 9 and 10 repre-
sent the SSE earthquake. The applicable response spectra used in the analysis
for dynamic load cases are shown in Table A-V of Appendix A.

Seismically induced anchor movements (Static Load Cases 5 and 6) for the OBE
were estimated by calculating low frequency displacements from the containment
ve-sel response spectra at the different anchor point elevations.

b-2



5. STRESS ACCEPTANCE CRITERIA

The requirements for acceptability ot a Class | piping system are given in AEC
Regulatory Position ! of Reference 7 and Subsections NB 3600 cf Section 111 of
the ASME Boiler and Pressure Vessel Code, Reference 2. Calculated stresses
resulting from the design and operating loading conditions given in Subsection
NB-3110 and NB-3620 must meet the stress limits of equations 9 through 14 of
Subsection NB-3650 of the ASME Code.

5.1 Design Conditions

The primary stress intensity, resulting from the combined effects of the design
pressure (Load Case 4) and the resultant moment loading due to loads caused by
dead weight (Load Case 1) and the Operating Basis Earthquake (Load Cases 7 and
8), and calculated in accordance with equation 9 of Subsection NB-352 of the
Code must be less than 1.5 times the allowable design stress intensity, Sy, at
maximun temperature,

5.2 Normal Conditions

The primary plus secondary stress intensity range resulting from the combined
effects of thermal expansion,linear thermal gradient and discontinuity, (Load
Case 2), operating pressure (Load Case 3), anchor movements (Load Cases § or
6) and earthquake effects (Load Cases 7 or 8), calculated in accordance with
equation 10 of the Code must be less than 3 times 55,. In the event that the
above requirement is not met the piping product may still be acceptable pro-
vided the requirements of a simplified Elastic-plastic discontinuity analy-
sis are met. This requirement is met if |) the nominal expansion stress
resulting from thermal expansion and thermal anchor movements, (Load Case 2),
calculated in accordance with equation 12 of the Code is less than 3 Sm and 2)
if the range of primary plus secondary meobrane plus bending stress intensity,
resulting from the combined loading of operating pressure (Load Case 3), dead
weight (Load Case 1), one-half the range of the earthquake (Load Cases 7 or 8)
and thermal discontinuity stresses, calculated according to equation 13 of the
code is less than 3 Sp.

The requirements for acceptability under cyclic loading conditions are met by
first calculating the peak stress intensity by means of equation )1 of the Code,
resulting from the loadings specified fo- equation 10 plus the loadings resulting
from the non-linear portion of the thermal gradient through the wall thickness
(considered negligible in this analysis), and then calculating the alternating
stress intensity in accordance with equation 'k of the Code. The total number

of operating stress cycles must then be luss than those detarmined frum the
fatigua curves from Appendix -9 of the Code for the calculated alternating
stress intensity in accordance with the requirements of paragraphs NB 3653.4

and NB 3653.5 of the Code.

61



5.3 Upset Conditions

The requirements for acceptability under upset conditions (not specified in this
analysis) are the same as for Normal Conditions.

5.4 Emergency Conditions

The requirement for acceptability under emergency conditions (not specified in
this analysis) is that the primary stress intensity, as calculated by equation
9 of the Code, must be less than 2.25 Sq.

5.5 Faulted Conditions

Under faulted conditions the primary stress intensity resulting from the combined
effects of design pressure (Load Case 4), dead weight (Load Case 1) and the vi-
bratary motion of the full Safe Shutdown Earthquake (Load Cases 9 or 10) as cal-
culated by equation 9 of the Code must be less than 3 Sp.



6. ANALYTICAL METHODS

6.1 Mathematical Model

In order to perform static, dynamic and stress analyses, the continuous piping
system is mathematically modeled as an assembly of elastic structural elements
interconnected at discrete nodal points (Figure 3.1). Nodal points are located
at all points of interest in the piping system such as elbows, valves, anchorages,
hangers, tee intersections, load points, all structural and material discontin-
uities, etc. This three dimensiona! multidegree-of-freedom model of the piping
system is attached to the ''ground" (structure) by means of rigid hangers, sup-
port springs, hydraulic snubbers and anchors. Stiffness characteristics of
structural elements are related to the moment of inertia and the axial and
effective shear area of the pipe cross section. The stiffness characteristics
of the elbows and tee connections are modified to account for local deformation
by using the flexibility factors given in the ASME Code (Ref. -3

For the seismic analysis the distributed mass of the piping system is lumped

at the system nodal points. Masses are lumped so that the lumped mass, multi=-
degree-of-freedom mode! represents the dynamic characteristics of the piping
system. In order to reduce the number of dynamic degrees-of-freedom, only
translational degrees-of-fresdom are considered at each mass point (the masses
associated with the rotational degrees-of-freedom are set to zero). This as-
sumption has been shown to be completely satisfactory for accurate analysis of
seismic response. Special items such as valves and actuators are modeled by
lumping their masses at an appropriate offset from the center-iine of the piping
System.

6.2 Static Load Ana'ysis

The static load analysis involves the application of the following loading con-
ditions and their combinations:

Design Pressure

Gravity Loading (dead weight) and Sustained Mechanical Loads
Support Displacement

Thermal Expansion

For the pressure loadings, the hoop and longitudinal stresses in the affected
piping are calculated using the formulae given in the Code (see Section 6.5).

For the deadweight, support displacement, or thermal expansion lnading conditions
the foliowing equations of equilibrium written in matrix form are solved:

KU = P (1)

6-1



where:
K = System stiffness matrix
U = Nodal point displacement victor

P = Exterral forces, deadweight or equivalent thermal
load vector.

The system stiffness matrix is obtained from element stiffness matrices using
direct stiffness methods. The unknown nodal displacements U are obtained as
fol lows:

u = xlp (2)

The inversion of the stiffness matrix is performed using the Gauss-Seidel tech-
nique.

From the nodal displacements U, the member internal forces are determined using
the member stiffness matrix. Finally the membar internal forces are used in
calculating the stresses

6.3 Eigenvalue Analysis

The eigenvalues (natural frequencies) and the eigenvectors (mod: shape) for
each of the natural modes of vibration are calculated by solving the following
frequency equation:

(K - win) =isg) = (0) (3)
where:

W, = Matural angular freguency for the nth mode

M = System mass matrix
¢, = Mode shape vector for the nth mode

0 = Null vector

The eigenvalue/eigenvector extraction is perforrmed using the Householder-QR
technique.

6.4 Dynamic (Seismic) Load Analysis

Considering only translational degrees of freedom and assuming viscous (velo-
city proportional) form of damping, the equation of motion in matrix form can
be expressed as follows:

n(U*'u' )+ cflt ¢+ KU, = 0 (L)
t gt

6-2



where:

Ug = Relative acceleration time history vector

bgt = Ground acceleration time history vector

¢ = Damping matrix

Ug = Velocity time history .ector

Ug = Relative displacement time history vector
Rearranging equation  (4)

MU, + o, + Ky, = -nbgt = Peff (5)
To uncouple equation (5), assume

U = &Y,
where:

¢ = Characteristic free vibration mode shapes matrix

Yo = Generalized coordinate displacement time history vector

Pre-and post-multiplying equation (5) by the transpose of ¢ and by ¢ respectively
and using orthogonality conditions, the follcsing uncoupled equations of motion
are obtained:

. . |
Yar * Zup X ¥ * W} Yo = M VRO

g2 (6)

where:

Yot = Generalized displacement coordinate time history for
nth mode,

*n = Damping ratio for the nth mode expressed as percent of
critical damping

h

Hnﬁ = Generalized mass for the nth mode

T w

pn ;n = M. &?

I "in
The mode shape &n is normalized such that Mn” = |
R = Participation factor for the ntP mode

n
B ;: Ml o= E M .

! = Column vector whose elements are generally unity

6-3



The solution for the differential equation (€) is given by the Dubamel Integrai

e % e
"ﬁ n

t
U . e “'nwy (t=7) Sin w, (t-1) o
w o gt

Using the response .pectrum method of analysis, the maximum values of the gen-
eralized response for each mode is given by:

..

Yn max = Rn_San_
"k
n
where:
Vn max = Maximum generalized coordinate acceleration response for the
nth mode,
8 = Spectral acceleration value for the nth mode (from the appli-

cable resgonse spectrum curve)

From the maximum generalized coordinate response, the maximum acceleration
(Un max) and maximum inertia forces (F, . ) at each mass point are given by:

Un max Yn max *In
Fﬂ max - "ﬂ Uﬂ max
The inertia forces (F ) for each of the system natural modes are applied

as external static fofce®® and the piping system response (displacements, member
ini:rnal forces and stresses) are calculated using the procedure described in
Section 4.2, Total system response is then obtained by combining the individual
modal response values by the square-root of the sum of the squares method; lower
modes having large contribution to the response {all modes having natural fre-
quency under 30 cycles per second) are considered and higher modes with negli-
gible participaticn are neglected.

6.5 Stress Analysis

The design requirerents of Section 111 of the ASME Boiler and Pressure Vessel
Code, Reference 2 (hanceforth referred to as the "Code'') for Class | piping sys-
tems are satisfied when the calculated stresses in the piping system due to
thermal expansion, weight, and other systained and occasional loads are com=-
bined in accordance with, and meet the limitations of Subsection NB-3600 of the
Code. These requirements are dascribed below.

6.€ Pressure Design Check

The minimum pipe wali thickness requiretents for the design pressure are met
by satisfying equation (1).

6-4



t, * PO (1)
2(S_ + YP)

m
where
t = the minimum required wall thickness, in.
P = internal design pressure, psi.

Dy, = outside diameter of pipe, in.

Sm = maximum allowable stress in the material at the design tempera-
ture from Tables 1-1.0 of the Code, psi.

Y = 0.4

6.6.2 Consideration of Design Conditions

The primary stress intensity limit is satisfied by meeting the requirements of
equation (9)

8 ._;Ba_ * B30 M < 1.55 (9
t 21

where:

BysBp = primary stress indices for the specific product under
investioation (From Subsection NB-3680 of the Code)

P = design prassure, psi
Do = outside diameter of pipe, in.

t = nominal wall thickness of component

" a [}
I = moment of inertia, in."

M; = resultant moment loading due to .oads caused by (i) weight,
(2) earthquake, considering only one-half the range of the
earthquake and excluding the effects of anchor displacement
due to earthquake, and (3) other sustained design mechanical
loads.

Spy = allowable design stress intensity value,psi

6.6.3 Consideration of Normal Conditions

Protection against fatigue failure is provided for by means of one of the
two analyses dependent on whether the structure is subjected to elastic cycling
or plastic cycling. The criterion fur establishing whether the structure cycles

6-5




in the elastic range or the plastic ranje is set forth in equation (10) (Para-
graph 6.6.3.1 below) of the ASME Code. Compliance with equation (10) assures
that, after a few cycles of load application, the maximum stress will remain
within the ranae of tensile and compressive yield strengths, i.e. within the
elastic range. If this criterion is met, the fatigue evaluation (Section
6.6.3.4) is hased on purely elastic behaviour. If the criterion is not met,
an al;stlc-ptastic discontinuity analysis must be made. (Section 6.6.3.3
below) .

6.5.3.1 Determination of Primary Plus Secondary Stress Intensity Rahgc
Limitations

This calculation is based upon the effect of changes which occur in mechanical
or thermal loadings which take place as the system goes from one load set,
such as pressure, temperature, moment, and force loading, to any other load
set which follows it in time. It is the range of pressure, temperature, mo-
ment, between two load sets which is to be used in the calculations.

The primary plus secondary stress inten<ity range limita ions are satisfied
by meeting the requirements of equation (10).

Sn ™ Cy Pl +CpDg M+ 1 EafaT)|4C3E,, [eaTa - abTh]< 35,

7y Z1 211-v)
where:
€y, C2, C3 = secondary stress indices for the specific component
under investigation (NBE-3680)
D, t, 1, 5 = are as defined for Equation (9)

M. = range of moment loading due to (1) thermal expansion
(2) anchor movements from any cause, (3) earthquake
effects, and (L) other mechanical loads.

[aTy] = range of absolute value (without regard to sign) of
the temperature difference between the temperature
of the cutside surface (To) and the temperature of
the inside surface (T;) of the piping product assuming
moment generating equivalent linear temperature dis-
tribution.

To(Ty) = range of average temperature on side a(b) of gross
structural discontinuity or material discontinuity.

coefficient of thermal expansion on side alb) of a
gross structural discontinuity or material discontinuity
at room temperature.

-
@
—
-
o
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average modulus of elasticity of the two sides of a gross
structural discontinuity or material discontinuity at
room temperature, psi.

Ea = modulus of elasticity (£) times the mean coefficient of
thermal expansion (a) both at room temperature, psi.

v = poisson's ratio = 0.3
Po = nge of operating pressure, psi

6.6.3.2 Determination of Peak Stress Intensity

The peak stress intensity is calculated by means of equation (11) of the Code
for every pair of load sets. This is the maximum stress intensity at a point
including any local structura) discontinuity (or notch) effects and any local
thermal stresses.

So = Kjuy szon + K,C, (2)9' M; + 3 ll = Ky EafaTy| + K3C3E,, lafT -
. -
dpTy + 1 EajaT,|

T-v

where:

Kb. K2. K3 = local stress indices for the specific compoanent under
investigation (N8-3680)

Ex = same as in Equation (10)

4T3 = range of absolute value (without regard to sign) for that
portion of the nonlinear thermal gradient through the
wall thickness not included in 4Ty of Equation 10 °F below.

For a quantitative definition of [AT.1 and |4T,|, see NB-3653.2(b) of the Code.
All other terms are as defined in Equation (IO§

The peak stress, S5, is used to calculate the alternating stress intensity, Salt,
for the fatique evaluation (see Section 6.6.3.4)

6.6.3.3 Simplified Elastic-Plastic Discontinuity Analysis

If the primary plus secondary stress intensity requirements of equation (10)
are not met, the fatique evaluation must include the effects of plastic cycling
by means of the simplified elastic-plastic discontinuity analysis as described
below. Only those pairs of lcad sets not satisfying equation (10) need be con-
sidered. Equation (12) imposes a limitation of 3 S, on the magnitude of the
thermal expansion stress to prevent possikle collapse due to the development of
a hinge moment.



Se = g g%n, <35 (12)

o

where:

S, = nominal value of expansion stress
Hi = same as M. in Equation (10) except it inciudes only moments
due to thermal expansion and thermal anchor movements
The range of primary plus secondary membrane plus bending stress intensity,

excluding thermal bending and thermal expansion stresses shall be < BSm. This
requirement is satisfied by meeting Equation (13) below.

€ szog $ 8 By + ¢ 3EablabTa - apTple 35,  (13)
t

6.6.3.4 Fatigue Evaluation

If the conditions of equation (10) are met, or alternatively the conditions
of equations (12) and (13) ar~ met, the value of the alternating stress inten-
sity, Salt, is calculated by equation (14) of the Code.

salt - Ke 2%- ('“)

where:

Salt = alternating stress intensity
S = peak stress intensity value calculated by Equation (11)
Ke = 1.0 for S, < 35, (i.e. when equation 10 is satisfied)

= .0+ (I-n) (gn__ ')for 38, < S,

-] 5
< 3 Sm nim 3 "
- _%_ for Sn > 3nSm

S, = primary plus secondary stress intensity value calculated in
Equation (10)

mand n = material parameters given in NB-3228.3 (b) of the Code

The number of allowable cycles, N, for a given stress cycle is then determined
from applicable design fatigue curves given in Appendix 1-8.0 of the Code for
the calculated values of Salt. |If more than one operational cycle is being
considered which produces significant fluctuating stresses, a cummulative usage
Factor must be determined ‘n accordance with Sub section NB-3222.4 of the Code.
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The cumulative usage factor, U, is defined as:

U -Z‘ui -Z__Ej__

where:
U; = wusage facter for each type of stress cycle, |

n, = specified number of times a glven stress cycle, i, will
be repeated during the life of the component

N; = allowable number of repetitions for a given stress cycle, i,
from table 1-90 of the Code.

The cumulative usage factor, U, must not exceed 1.0.

6.56.3.5 Stress Range Calculations

The stress range evaluation is carried out by means of one or both of two
enalyses. The first analyses Is a maximum stress range calculation in which
the maximum range of stresses from each load set pair is used to form a "worst
load case'' which Is assumed to occur over the total number of system cycles.
If this conservative check results in an allowable number of cycles not ex-
ceeding the total number of system cycles, then no further analysis is required
for the component. |If the maximum stress range check fails, an individual
stress range calculation can be made to establish component acceptability.

In this evaluation the stress ranges for individual load sets are calculated,
pair by pair, in such a manner as to maximize stress ranges and the cumulative
usage factor, which must be less than 1.0.

6.6.4 Consideration of Upset Conditions

The procedure and stress limits for evaluating upset conditions are the same
as for operating conditions.

6.6 5 Consideration of Emergency Conditions

The primary stress intensity requirements of equation (9) above (Section 5.2)
must be met using a stress limit of 2,25 § .

6.6.6 Consideration of Faulted Conditions

The primary stress intensity requirements of equation (9) above (Section 6.6.2)
for the combined loading effects of system design pressure, deadweight and the
vibratary motion of the Safe Shutdown Earthquake must be met using a stress
limit of JSm.
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7. DISCUSSION OF RESULTS

The results of the HPLS suction line piping analysis are based on the assump-
tion that restraints are located at node points 19, 28, 40, 50 and 79 of
Figure 3.1. These additional restraints, located at positions of expected
large seismic deflections, can be made rigid anchors due to low thermal
expansion effects.

The natural frequencies, of the lower modes of vibration of the piping systems
up to 35 cycles per second, are given in Table 7-1 and indicate generally flexi-
ble (low frequency) systems.

The deflections at each node point due to the various load cases are summarized
in Table B-1, pages B-1 through B-13 of Appendix B. The maximum deflection due
to the SSE seismic inertia loading (Load Case 9) is 1.20 inches at node point

8 in HPCS line. For a flexible piping system this deflection should be accept-
able. The maximum deflection due to thermal expansion (Load Case 2) is 0.18
inch at node 65. Table B-11, pages B-14 through B-22 of Appendix B, summarize
the elastic support reacttion forces.

The results of the detailed stress analyses in accordance with tne require-
ments of Subsection NB-3650 of the ASME Code for Class | piping systems are
given in Table BIll, pages B-23 through B-59 of Appendix B. Class | stresses
are summarized in Figures 7.1 through 7.16 indicating node points with stresses
exceeding 5 ksi for specified Class | loading conditions. The maximum allow-
able number of stress cycles based on the maximum peak stress determined from
Figure 1-9.2 of Section Il of the ASME Code, is in excess of 106 cycles. Con-
sequently, in accordance with paragraph NB-3653.5 of the ASME Code, the maximum
usage factor for stress cycling between the X and Z direction earthquakes,
occuring at node point 18 of Line 1, may be taken as 0.0. From these results
it can be concluded that maximum and cyclic Code stress requirements are met
for the specified loading conditions.



TABLE 7.1

NATURAL FREQUENCIES OF VIBRATION

HPCS Suction Line 1

Mode No. Frequency (CPS)

3.62
10.27
20.20
20.33
32.83
33.11

AN W N -

HPCS Suction Line 2

Mode Frequency (CPS) Mode Frequency (CPS)
1 3.13 15 20.36
2 3. 44 16 20.84
3 6.15 17 21.01
b 6.53 18 21.49
5 7.10 19 22.19
6 8.02 20 22 .64
7 8.82 21 24.32
8 10.68 22 27.49
9 12.05 23 28.13

10 12.23 24 28.16

1 14.59 25 28.79

12 15.93 26 30.40

i3 19.18 27 33.60

14 19.75 28 34.24
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Compliance with ASME Code Equation 10

Applied Loads (Normal Operating Cond.)

Operating Pressure and Temperature
Seismic Anchor Movements (z - direction)
z + y Earthquake (ORE)

Max. Primary Plus Secondary Stress
Intensity Range, Sm = 35 31 ksi
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8. CONCLUSION

By providing rigid seismic restraints at the locations shown in Figure 3.1 the
deflections and stresses is the HPCS suction piping due to a seismic event can
be reduced to acceptable values,

The results of the subject analysis, which includes effects of five additional
rigid restraints indicate that the deflections of the HPCS suction piping sys-
tem, due to deadweight, thermal expansion and seismic loading are nominal. In
addition, che stresses resulting from these loadings as calculated and combined
in accordance with the rules given in Subarticle NB-3650 of Section |1l of the
ASME Code (Reference 2), satisfy the design requirements for Class | piping
systems,

The rigid restraints and their attachments should be designed using the sup-
port reaction forces given in Appendix B of this report.
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APPENDIX A

LACBWR HPCS SUCTION LINE PIPING ANALYSIS

ANALYTICAL INPUT DATA

TABLE PAGE
A=l Pipe Properties A-1
A-11 Valve Weights A-2

A-111-1 Static Load Cases - Line | A-3

A-111-2 Static Load Cases - Line 2 A-5
A-1V Dynamic Load Cases A-7
A-V Seismic Response Spectra A-8



TABLE A-1 PIPE DATA

HPCS SUCTION LINE

wT. OF
WALL PIPE WT. IN DESIGN DESIGN
LINE FROM T0 0.0. THICK FLUID INSUL TEMP . PRESS.
NO. RUN NO. POINT POINT (IN) (1w MAT 'L FLUID (LB/IN) (LB/IN) {9F) (PSIG)
I ! ] 2 6.625 0.280 } ? 2.62 0.15 i A
! 2 28 4.500 0.237 ; 1.36 e.1
2 | 19 4k 3.50 0.216 ; 0.90 0.09 '
’ 2 40 13 3.50 0.216 | 0.90 0.09 ; :
- | !
3 49 82 3.50 0.216 2 ! 0.90 0.09 !
’ !
a. |
4 79 88 3.50 0.216 . « n.90 0.09 |
[¥9) Wi o o
a. - o~ o
4 88 94 1.90 0. 145 & 3 0.30 0.06 - -
5 75 98 1.90 0. 145 - 0.30 0.06 !
g ) |
o 73 70 3.50 0.216 ] 0.90 0.09 ! '




TABLE A-11

VALVE WEIGHTS

TOTAL WEIGHT ECCENTRIC WEIGHT ECCENTRICITY

-y

VALVE NODE_LOCAT ION (1bs) (1bs) (in)
4 Gate 27 53.0 ] -
3" Check 38 52.0 0 -
3" Check 43 4.0 0 -
3" Gate 48 - 100 50.0 10.0 10.0
1/2" Relief 63 1.0 0 -
3" Control 70 - 101 234.0 110.0 21.9
3" Control 72 - 102 214.0 90.0 21.9
3" Gate 76 - 103 53.0 13.0 10.0
3" Gate 81 - 104 53.0 13.0 10.0
3" Check 80 52.0 0 -
1 1/2" Globe 93 k9.0 0 -
1 1/2" Globe 97 49.0 0 -



TABLE A i1 - 1

STATIC LOAD CASES

SUCTION LINE )

STATIC 1LOAN CASF t ]
LP‘“ CASE TITVE @ NEAD »FIAKT atin NT=FR SUSTAINEN MFCANICAL LOADS

unaro 0F SINGLE JOIHT LOANSmamcccnn= 0
PUMHER 0F SUHPPORT NISELATFMENTSecece= 0
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I NN A — L ONG e
NESIGN TEYPFRATUSE TEYRPFRATURE TEMPERATURE PRFSSURE
PUN PRFSSUBE CHANAGE GEADIENT GRADIENT STRESS

—— e G e PR P g e Gy

1 0. 00 S0.00 -.000 =.000 NO

STETIC LOAN CASE t )
—LOSPH—CASE-TIFHE—t— OPEOATING SRESSUPE— —
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TABLE A 11} = | Cen'd

STATIC LOAC CASES
WCTION LINE )

STATLE L OAD-CAGE 3 @ . ‘
LO7) CASF TITvF ¢ NECIGy DRFAS!HIDE

THERMAL AND PRESSURE LNANTNGS FOR ALL PIPF RUNS

oA ot i g CIMEAR. . NONL TE A T, Y, —
NES 0N 1E,urﬂnfn0t tcou;onrunc TEVPERATURE PRFSSURE
Qs PRFSSURE CHAMNGE CPANIFENT GRADIENT STRESS
— - BSE - HE&, . NEGy— —— — DEGy — i
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TABLE A 11} - 2

STATIC LOAD CASES
SUCTION LINE 2
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? N.CN €0,00 -,000 -,000 NGO
e B R A = 00— DO ——NO
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| 0,00 50,00 -,000 -,000 NO
e s B = B D GO — =y O PN —
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LOAD CASE NO.

10

TABLE A-1V

DYNAMIC LOAD CA

SES

Suction Lines | and 2

LOAD DESCRIPTION

+ y Earthquake
+ y Earthquake
+ y Earthquake

+ y Earthquake

(0BE)
(0BE)
(SSE)
(ss¢)

SPECTRUM NO.
IN GLOBAL
Y

| ]

.\ﬂ W - o

SPECTRUM MULTIPLIE:

X Y 2z
386.0 128.7 0

0 128.7 326.0
386.0 257.3 0

0 357.3 1-6.0



SPECTRUM NOQ. |
(Horizontal QOBE)

Frequency Acceleration
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15068 . ;33600
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(Horizontal OBE)

TABLE A-V
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SUCTION LINE |
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CcPsS G's
40,000 12000
33090 200
20,000 23900
15,000 32900
105080 52000

9.000 60900

S5.000 (65000

35069 20500

2500 72000

2.200 /3000
28R 55500

1.509 ,44000

1.000 31000

B0 56300
600 13000
o400 13000
P 05eno—-
,100 J0l4a0%

A-8



APPENDIX B

LABWR HPCS SUCTION LINE
PIPING ANALYSIS TABULATED RESULTS

TABLE PAGE
B I Joint Displacements B~1
B 11 Elastic Support Reactions B-14
B I Class | Component B-23

Stress Analysis PIPESD Results



TABLE B~
JOINT DISPLACEMENTS

Bl=1 HPCS Suztion Line | Pages B-2 to B-5

B1-2 HPCS Suction Line 2 Pages B-6 to B-13

Note: Designation "ECCS" in the following tables
is synonomous with designation ""HPCS"
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Note:

TABLE B 11

ELASTIC SUPPORT REACTIONS

HPCS Suction Line | Rages B-15 to B-18

HPCS Suction Line 2 Pages B-19 to B-22

Designation "ECCS" in the following tables
is synonomous with designation ''HPCS"
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