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1. SUMMARY

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

- for Class I piping components of the ASME Boiler and Pressure Vessel Code,
Section 111, Division 1, " Nuclear Power Plant Components", 1974. By pro-
viding sel,mic restraints at critical locations of the HPCS discharge line,
the stresses in the piping due to a seismic event can be reduced to accep-
table values. That is, the stresses due to seismic, deadweight, pressure
and thermal expansion loadings, combined according to the ASME Code rules
for Cicss I components would satisfy the design requirements given in the
Code wi th the addi tion of seismic restraints. The detail stress analysis
also Indicates 2900 permissible HPCS operating cycles.

.
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2. INTRODUCTION

in response to AEC/DL's request to review the effects of an earthquake
event on the Lacrosse Bolling Water Reactor, Dalryland Power Cooperative
requested Gulf United Nuclear Fuels Corporation to evaluate the adequacy
of the major structures and equipment to withstand seismic loadings.
The seismic study performed by Gulf United (GU) Nuclear Fuels Corporation
(Reference 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. It was also evident from these analyses that the LACBWR
piping systems, in general, were not designed to accomodate horizontal
accelerations, the primary earthquake induced loading condition. Anti-
cipating the possibility of a seismically induced loss of coolant acci-
dent, it was, therefore, concluded that analyses of the major Class 1
piping systems should be performed to evaluate their structural Integrity.

This report presents the seismic and stress analysis for the discharge line
of the High Pressure Core Spray (HPCS) System. (The HPCS suction line
analyses is presented in a separate report,NES 81A0090). The High Pressure
Core Spray System is the principal emergency core cooling system. In
order to verify that the seismic stresses in the HPCS discharge line are
acceptable, it is necessary to show that the combined stresses in the
piping system are within ASME Boller and Pressure Vessel Code allowable
values for Class 1 Components. 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 lil,. Subsection NB
rules (Reference 2).

For the static and dynamic analysis, the High Pressure Core Spray discharge
line, including a portion of the sodium pentaborate discharge line has been
mathematically modeled as a finite element model. Seismic restraints were
provided at suitable locations in order to reduce the seismic stresses in this
piping system and to isolate it for analytical purposes from the effects of
the HPCS suction line and the sodium pentaborate discharge line to the 16
inch forced circulation discharge header. The static response of the HPCS
Discharge Line to the dead weight, thermal expansion and anchor movement
loadings have been calculated using direct stiffness displacement methods of
structural analysis. The response of the HPCS Discharge Line to seismic
loadings have been determined using response spectrum modal superposition
methods. Stresses due to various loadings have been calculated and combined
in accordance with the ASME Code Section ill, Subsection HB rules,

initial stress calculations, using the conservative stress intensification
factors of the ASME Code for the socket weld coupling / reactor nozzle regio'n,
resulted in an excessive peak stress value and therefore a very low number
of permissible HPCS operating cycles ( 100 cycles). The socket weld
coupling / reactor nozzle region was re-analyzed by means of a detailed finite-

-
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element model using the ANSYS computer code. The transient thermal loadings
produced by the HPCS initiation were determined using the same basic model
developed for stress analysis and using the LION computer program.

Section 3.0 of this report describes the High Pressure Core Spray (HPCS)
Disenarge 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 results of the analyses are discussed
in Section 7 0. The conclusic.ts are summarized in Section 8.0.
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3 DESCRIPTION OF PIPlHG 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 the dis-
charge piping which runs from the high pressure core spray pumps to the
core spray header inlet. The HPCS suction piping analysis is presented in
a separate report. The subject analysis of this report is, therefore, the
HPCS discharge line.

The HPCS discharge line consists of stainless steel pipe line leading from
the two high pressure core spray pumps to the core spray header inside the
reactor vessel . The pumps are used for core spray when the reactor remains
pressurized, as in the case of a small leak below the core. When the reactor
and containment building pressures are equalized, as af ter a major system
leak or rupture, a low pressure supply line bypassing the emergency core'

spray pumps allows water to flow directly from the overhead storage tank
(or service water line) to the core spray header. The high pressure core
spray pumps are also used in the boron injection system. Redundant control
valves are provided for this purpose in the core spray pumps suction and
discharge lines.

Rigid anchors located at points of expected large seismic deflections serve
the purpose of isolating the discharge lines from the interconnecting piping
systems. Figure 3.1 shows the routing of the discharge line and the extent
of suction line and sodium pentaborate lines considered in the subject
analysis.

The governing design specification used in the analysis of the HPCS piping
system is given in Reference 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 loca-
tion of piping suspension (hangers, etc.) and their dimensional characterls-
tics were determined from the piping drawings and actual visual inspection
and measurements at the LACBWR site. Pipe properties and valve weights are
sunmarizpd in Tables A-1 and A-ll of Appendix A.

. . .
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FIGURE 3.1
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4. LOADING CRITERIA

The loading conditions which must be taken into account in performing a
Class I analysis of a piping system are specified in Subsection NB-3110
of Reference 2. These include dead weight, Internal pressure, thermal
effects; and earthquake loads. Design, operating, upset, emergency and
faulted condition loadings must be considered in the analysis as specified
in the stress acceptance criteria (Section 5 of this report). The static
and dynamic load cases considered in the analysis are described below and
the detall input data are summarized in Table A-Ill and A-IV of Appendix A.

4.1 Load Case 1 and 2 - Design and Operating Pressures

Piping design pressures are taken from the LACBWR piping specification
(Reference 3) and are 100 oeig for the piping between node points 20 and
50 and 1400 psig elsewheie in the system.

Operating pressures for the HPCS system are based on the LACBWR Safeguards
Report (Reference 5). These are 100 psig up to node point 50, 1340 psig
from node 50 to the reactor vessel nozzle and 1400 psig for the remainder
of the system.

4.2 Load Case 3 - Dead Weight and Other
Sustained Mechanical Loads.

The dead weight of the piping system is calculated considering the piping
to be insulated and filled with water. Other sustained loads included in
the analysis are valve weights, valve operator weights, and the tributary
weights from branch piping.

4.3 Load Case 4 - Seismic Anchor Movements

Seismically induced anchor movements for the OBE earthquake were estimated
by calculating low frequency displacements from the containment vessel
response spectra (f rom Reference 1) at dif ferent elevations.

4.4 Load Case 5 - Thermal Anchor Movements

Thermal expansion or contraction of the reactor vessel during start-up and
shutdown resul ts in maximum displacements of the piping sys tem anchor at
the reactor vessel nozzle (node point 240).

4.5 Load Cases 6. 7, 10 and 11 - Seismic Loading

A dynamic analysis of the piping system is performed using the response
spectrum modal superposition method of analysis (Section 6.4). Two seismicloading events are considered: the safe shutdown earthquake (SSE), and
the operating basis earthquake (OBE). The established design cr* ceria

v
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(Reference 6, Regulatory Guide 1.48, May, 1973) for Class-1 analysis
specifies that the OBE (or 1/2 SSE) must be considered in conjunction
with the normal and upset plant condit ion while the SSE must be con-
sidered in conjunction with the faulted plant condition.

Seismic inertia loading is imposed on the piping system in the form
of seismic acceleration spectra which were derived for the LACBWR plant
(Reference 1). The horizontal acceleration spectra used for the HPCS
discharge line is that corresponding to the subsystem support points
on the reactor containment shell at an elevation of 695 feet. The
vertical response spectrum for the SSE loading is taken as 2/3 of the
horizontal SSE ground response spectrum assuming no amplification of
vertical response in the structure. For the Operating Basis Earthquake
the vertical piping response spectrum is taken as 1/2 of the SSE verti-
cal response spectrum. Damping values used are 1 percent for the OBE
and 2 percent for the SSE.

The horizontal spectra in either the global X- direction or the global
Z- direction are applied simultaneously with the vertical spectra in
the global Y- direction. Load cases 6 and 7 represent the Operating
Basis Earthquake while 10 and 11 represent the SSE earthquake. The
applicable response spectra used in the analysis for dynamic load cases
are shown in Table A-IV of Appendix A.

4.6 Load Case 8 - Thermal: Maximum Credible Accident

The sudden introduction of cold water from the HPCS system piping into
the hot pressure vessel nozzle, due to a LOCA or ot her low water level+

'

condition results in a transient thermal condition in the nozzle region.
This temperature transient generates stresses in the pipe due to the large
temperature gradients accross the pipe wall and due to any material discon-
tinuities present. These thermal loads which are applied at node points
230 and 240 have been calculated by means of a transient thermal analysis
with the Lion Computer Code (Appendix E) and are presented in Appendix B.
These loads are considered in conjunction with the upset plant condition.

4.7 Load Case 9 - Thermal: flormal Start-Up and Shutdown

During normal start-up and shutdown a temperature change of 344 F is
assumed in the piping in the region of the reactor vessel HPCS discharge
nozzle.

.
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5 STRESS ACCEPTANCE CRITERIA

The requirements for acceptability of a Class I piping system are given
in AEC Regulatory Position 1 of Reference 6 and Subsections NB-3600 of
Section t il 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 1) and the resultant moment loading due to loads
caused by dead weight (Load Case 3) and the Operating Basis Earthquake
(Load Cases 6 and 7), and calculated in accordance with equation 9 of
Subsection NB-3652 of the Code must be less than 1.5 times the allowable
design stress intensity, Sm, at maximum 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 effects
(Load Case 8), operating pressure (Load Case 2), anchor movements (Load
Case 4 and 5) and carthquake ef fects (Load Cases 6 or 7), calculated in,

* accordance with equation 10 of the Code must be less than 3 times S .m
In the event that the above requirement is not met the piping product may
still be acceptable provided the requirements of a simplified clastic-
plastic discontinuity analysis are met. This requirement is met if 1)
the nominal expansion stress resulting from thermal expansion and thermal
anchor movements calculated in accordance with equation 12 of the Code is
less than 3 Sm and 2) If the range of primary plus secondary membrane plus

'.
bending stress intensity, resulting from the combined loading of operating
pressure, dead weight, one-half the range of the carthquake and thernal
discontinuity stresses, calculated according to equation 13 of the code
is less than 3 S .m

The requirements for acceptability under cyclic loading conditions are met
by first calculating the peak stress intensity by means of equation 11 of
the Code, resulting from the loadings specified for equation 10 plus the,

i loadings resulting from the non-linear portion of the thermal gradient
through the wall thickness and then calculating the alternating stress in-
tensity in accordance with equation 14 of the Code. The total number of
operating stress cycles must then be less than those determined from the
fatigue curves f rom Appendix l-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.

>

v
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5.3 Upset Conditions

The requirements for acceptability under upset conditions are the same
as for Normal Condi tions.

5.4 Emergency Conditions
i

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 S .m

55 Faulted Conditions

Under faulted conditions the primary stress intensity.resulting from the
combined effects of design pressure (Load Case 1), dead weight (Load Case 3)
and the vibratory motion of the full Safe Shutdown Earth uake (Load Cases .10
and 11) as calculated by equation 9 of the Code must be less than 3 S -m

i

e
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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 31).!

! 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 discontinuities, etc. This three
l

dimensional multidegree-of-freedom model of the piping system is attached
to the " ground" (structure) by means of rigid hangers, support springs.
hydraulic snubbers add anchors. Stiffness characteristics of structural
elements are related to the moment of inertia and the axial and ef fective
shear area of the pipe cross section. The stiffness characteristics of
the elbows and tee connections are modified to account for local defor-
mation by using the flexibility factors given in the ASME Code (Reference 2).

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, multidegree-of-freedom model represents the dynamic characteristics-

i of the piping system. In order to reduce the number of dynamic degrees-
. of-freedom, only translational degrees-of-freedom are considered at each
{ mass point (the masses associated with the rotational degrees-of-freedom ,

*

are set to zero). This assumption has been shown to be completely satis-
factory for accurate analysis of seismic response. Special items such
as valves and actuators are modeled by lumping their masses at an appro-
priate offset f rom the center-line of the piping system.

Figures 6.1 and 6.2, show the schematic sketches of the ANSYS finite
element model of the socket weld coupling / reactor nozzle region for
determining the peak stresses resulting from the thermal transient
produced by HPCS Initiation. The triangular and quadrilateral axisymetric

, ring fini te element model suf ficiently represents the reactor vessel
| nozzle and i ts geometrical variations, the inconel transition piece,

the inconel transition piece weld to the stainless steel (SS) socket, the
( SS socket to SS piping weld, and the SS piping. The same basic model with

larger element sizes has been used for the transient thermal analysis using
the LION computer program. Appendix E gives the details of the transient
thermal analysis. The thermal analysis provides the transient temperature
history for each fini te element, which is used as an input thermal loading

i to the ANSYS analysis. '

6.2 Static Load Analysis

The static load analysis involves the application of the following loading
conditions and their combinations:

v
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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 dead weight,. support displacement, or thermal expansion loading
-

conditions the following equations of equilibrium written in matrix form are
solved:

I KU P (1)=

where:
!

K System stiffness matrix=

[ U Nodal point displacement vector=

P External forces, dead weight or equivalent=

thermal load vector.

The system stiffness matrix is obtained from element stiffness matrices3
'

using direct stiffness methods. The unknown nodal displacements U are
obtained as follows:

,

* ~

U K xP (2)
=

'

The inversion of the stiffness matrix is performed using the Gauss-Seldel
technique.

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

| 6.3 Elgenvalue Analysis

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

2-

K-u {&n} {0}
_ . (3)

=n

where:

N tural angular frequency for the nthu =
moden

M System mass matrix=

, $n Mode shape vector for the nth=
mode

s_, 0 Null vector=

6-h



The eigenvalue/elgenvector extraction is performed using the Householder-
QR technique.

6.4 Dynamic (Seismic) Load Analysis

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

M(U + N ) + C0 + Ku 0 (4)-
t gt t t

where:

U
t Relative acceleration time history vector=

dgt Ground acceleration time history vector=

C Damping matrix=

bl Velocity time history vector=

Ut Relative displacement time history vector=

Rearranging equation (4)
., .

..
MU + CU + KUt t t gt P rf (5)-MU= =

e

.

To uncouple equation (5), assume

U $Y=
g

where:

4 Characteristic free vibration mode shapes matrix=

Yt Generalized coordinate displacement time histor,y vector"

Applying the above coordinate transformation and multiplying equation (5)
by the transpose of 4 and using orthogonality conditions, the following
uncoupled equations of motion are obtained:

+ 2 aa A I +dY M *'I R (6)nt "n n nt nt n n gt

where:

Y Generalized displacement coordinate time history for=
nt thn mode.

A
n Damping ratio for the nth node expressed as percent=

of critical damping

n Generalized mass for the nthH* = node
T 2

in M @n "Hi$ni=

6-5
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The mode shape $n is normalized such that M * --!n

Participation factor for the nth modeR =n
'

d ni ={niein=

I Column vector whose elements are gancrally unity=

The solution for the dif ferential equation (6) is given by the Duhamel
Integral:

Rn t

Ynt MN W IIgt e -A
"

W (t-T) Sin wn (t-T) dTn n n
o

Using the response spectrum method of analysis, the maximum value of the
generalized response for each mode is given by:

Y max Rnyan=
n ng

where:

'y'n Maximum generalized coordinate acceleration responsemax =
for the nth mode.

Spectral acceleration value for the nth mode (from theS =an
applicable response spectrum curve)

'

From the maximum generalized coordinate response, the maximum acceleration
('dn max) and maximum inertia fnrces (Fn max) at each mass point are given by:

! ....

U =Yn max n max &in,

Fn max =M Nn n max
I
'

The inertial forces (Fn max) for each of the system natural modes are applied
as external static forces, and the piping system response (displacements,
member internal forces and stresses) are calculate'd using the procedure
described in Section 4.2. Total system response is then obtained by com-
bining 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 frequency under 30 cycles per second)
are considered and high modes with neglible participation are neglected.

65 Stress Analysis

i

| The design requirements of Section li t of the ASME Boiler and Pressure Vessel
Code, Reference 2 (henceforth referred to as the " Code") for Class 1 piping
systems are satisfied when the calculated stresses in the piping system due
to thermal expansion, weight, and other sustained and mechanical loads are

| combined in accordance with, and meet the limitations of Subsection NB-3600-

of the Code. These requirements are described below.
U

6-6
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S.5.1 Pressure Design Check ~

The minimum pipe wall thickness requirements for the design pressure are met
by satisfying equation (1).,

,

P D,, (1)t =
*

2[(+YP)
where.

.

t, the ninimum required wall thickness, In.=

P intert:ai desis,n pressure, psi .=

;

D outside diarr.eter of pipe, In.=o

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

,

Y = 0.4

6. 5. 2 p1nsideration of ces! n conditions3

The primary stress Intensity limit is satisfied by meeting the requirements of,

equat;cn (9)'

By PDn + D2 D H; < l .Sr, (3)A _ m
,

,

2 23
-

.

t

where:
,

Sg, B2 primary stress indicer, for the specific product under=

| Investigation (From Subsection f:B-3680 of the Code)

P design pressure, psi=

| D outside diameter of pipe, In.=o

nominal wall thickness c' componer.t| t =

t

maent of inertia, In.N-; i =

|

M; resultant rr.ocent loading due to loadr caused by (!) weight,=
'

(2) carthqua'<.e, considering only one-half the range of the
carthquaka Onel exc!uding the effects of anchor displacernents
due to car: hour.ke, and (3) other sustained design mechanical'

loads.
.

S allowable dasign stress intensity value, psi
- =m

6.5.3 consideratica y,r ::or:rai rcaditions

ProtectIOrt agairst fatic,ua failure is provided for by raeans of one of theV
two cnat fses depeithnt en s. Lethe the struct ure is sub.iccted to elastic cycling1

i or plastic cycling. The crita-la, for establishing whether the structure cycin', '

6-7
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In the elastic range or the plastic range is set forth in equation (10)
of the ASME Code. Compliance with Equation (10) assures that, af ter a few
cycles of load application, the maximum stress will remain within the range

, of tensile and compressive yield strengths, i.e. within the elastic range.' If this criterion is met, the fatigue evaluation is based on purely clastic
behavior. If the criterion is not met, an elastic plastic discontinuity-
analysis must be made.

,

Determination of Primary Plus Secondary3

1 Stress Intensity Pange Limitations

This calculation is based upon the effect'of changes which occur in mechanical
or therma! loadings which take place as the systen pes from one load set,-
such as pressure, temperature, moment, and force loading, to any other load

( set which folluss it in time. It is the range of pressure, tenperature, mo-
r.e n t , teetwee.n two load sets which is to be used in the calculations.

The primary plus secondary stress intensity range limitations are satisfied
by necting the requirements of equation (10).

2A M; + 1 Ea|AT;l+CES 3ab|vTa-d.bTb|13SCy M e + C D=n, a a
2t 21 2(1-v)

' whnre:,

C1*C,C3 secondary stress indices for the specific component2 =

under investigation (110-3680)

D,t, I, S are as defincd for Equation (9)=o g
'

M. range of moment loading due to (1) thermal expansion=
'

(2) anchor movements from any cause, (3) earthquake
effects, and (4) other mechanical loads.

|aT|
'

j range of absolute value (without regard to sign) of=

the temperature di f ference between the temperature
of the outside surface (T ) and the temperature of; o'

the inside surface (T;) of the piping product assuming
' moment generating equivalent linear temperature dis-

tribution.

T (T ) = range of average temperature on side a(b) of grossa b
structural discontinuity or material discontinuity.

c (eb) = coef ficient of thermal expansion on side a(b) of aa
gross structural discontinuity or material discontinuity

-

at room te;tperature.

v

6-8



-

.

Eab = average modulus of elasticity of the two sides of a gross
structural discontinuity or material discontinuity at
room temperature, psi.

_

Ea ' = modulus of elasticity (E) times the mean coef ficient of
thermal expansion (a) both'at room temperature, psi.

poisson'.; ratio 0.3y = =
.

range of oparating pressure, psiP =o

Determination of Peak Stress Intensity

The peak stress intensity is calculated by means of equation (11) of the Code
for every pair of load seta. This is the maximu, stress intensity at a point
including any local structural discontinuity (or notch) ef fects and any local
thermal stresses.

S Kjtj pod '+ K C Do H; + 1 K Eol AT|+KCE3 3 ab aai T~ (II)=
p 22 3n

.

2g 21 2(I-v)
dbTb|+ 1 Ea|AT|2

1-v
' where: '

,

K'K,K3 local stress indices for the specific component under=
b 2

investigation (NB-3680)

same as in Equation (10)En =

AT2 range of absolute valua (without regard to sign).for that=

portion of the nonlinear thermal gradient through the
wall thickness not included in AT2 of Equation 10 *-F below.

For a quantitative definition of |AT | and | ATy|, see NB-3653.2(b) of the Code.
All other terms are as defined in Equatiot, (101

The peak stress, S , is used to calculate the alternating stress intensity, Salt,p
for the fatique evaluation

Simolified Elastic-Plastic Discontinuity Analysis

if the primary plus secondary stress intensity requirements of equat.lon (10)
are not met, the fatigue evaluation must include the ef fects of plasti _c cycling
by means of the simplified clastic plastic discentinuity analysis as described
below. Only those pairs of load sets not satisfying equation (10) need be con-
sidered. Equation (12) imposes a 1iroitation of 3 S on the magnitude of them
thermal expansion stress to prevent possible collapse due to the development ofa hinge noment.m

G
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Nf 135 (12)S Ce 2 D=
L m

21

where:

S, nominal value of expansion stress=

#
M .'' g in Equation (10) except It includes only rnomentssame as M=

due to thermal expansion and thermal anchor movements

The range of primary plus secondary membrane plus bending stress intens'ity,
excluding thermal bending and thermal-expansion stresses shall be 1 35,. This
requirement is satisfied by meeting Equation (13) below.

C'3 ah!<(b a - d T !13S II3)C3 PoDo +Cp' .D Mt + E Tn bb m2 23t

Fatigue Evaluation

if the conditions of equation (10) are met, or alternatively the conditions
of equations (12) and (13) are met, the value of the alternating stress inten-
si ty, Sal t , is calculated by equation (lis) of the Code,

i

Salt K, b_ (11)
=

6'
.,. 2. .

where:
:
'

Salt alternating stress intensity=

'

S peak stress intensity value calculated by Equation (11)=
p

'

K, 1.0 for Sn 1 3Sm (l.c. when equation 10 is satisfied)a

_[for3S,<S <3H S
r1.0 & (1-n) 5=

n mn(m-1) 35m 3

1 for S > 3M Sm=

n

S Pritaary plus secondary stress intensity value calculated in"
n

Equation (10)

m and n material paramsters given in 11B-3223.3 (b) of th: Code=

Tha .ur.ber of allowable cycles, !!, for a given stress cycle is then deterrnined
f rom applicable design fatigue curves given in Appendix l-9.0 of the Code for
the calculated values of Salt. I f 'nore than one operat ion.il cycle is being
considered which produces significant fluctuating stresses, a cummutative usage'

factor mus t be deternired in accordance with Sub section (;D-3222.1 of the Code.
-

6-10
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The cumulative usage factor, U, is defined as:
r,

U U; =} ni=

where:

U; usage factor for each type of strcss cycle, i -
=

.
h

g specified number of times-a given stress cycle, I, will=
'

be repeated during the life of the component
j N; allowable number of repetitions for a given stress cycle, I,=
i from table 1-10 of the Code.

The cumulative usage factor, U, r:ust not exceed 1.0.

Stress Range Calculations

! The stress range evaluation is carried out by means of one or both of two
analyses. The first analyses is a maximum ,s tress range calculation in which

i

the maximem range of stresses from each load set pair is used to form a " worst
load case" which is assumed to occur over the total nuinber of system cycles.
If this conservative check results in an allowable number of cycles not ex-
cceding the total number of system cycles, then no further analysis is required.

'

for the component. If the maximum stress range check falls, 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.

6.5.4 Consideration of Upset Conditions
.

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

-

6.5.5 Consideration of Emergency Conditions
.

The primary stress intensity requirements of equation (9) above (Section 5.2)
i must be ret using a stress limit of 2.25 S -m

6.5.6 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 35 'm
!

'

'

N--
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7 DISCUS $10N OF RESULTS

The results of the HPCS discharge line piping analysis are based on the assump-
tion that additional restraints will be provided at node points 20, 970 and 50
as Indicated in Figure 3.1. These restraints may be rigid anchors due to
low thermal expansion effect.s in the HPCS line.

The natural frequencies of the lower modes of vibration of the piping system,
up to 35 cycles per second, are given in Table 71 and Indicate a generally
flexible (Iow f requency) system. System deflections resulting from the various
load cases are presented in appendix B, Table B-l. The maximum deflection
due to dead weight is 0.076 inch at node point 170, while the maximum deflection
due to the SSE seismic inertia loading is 0.680 inch at node point 140. For
a flexible piping system these deflections are within acceptable values.

Table B-ll of Appendix B gives the elastic support reaction forces resulting
from the various load cases. These forces should be used in the design of
the additional system restraints.

The results of the detailed stress analysis in accordance with the requirements
of Subsection NB-3650 of the ASME Code for Class I piping systems are summarized
in Figures 7.1 through 7 12. Significant stresses calculated by the PIPESD
computer analysis using Code equations 9 through 14 for the various load com-,

binations are indicated in these figures and are compared to the Code allowable-

values.

The peak stress Intensity at the pressure vessel discharge nozzle socket weld
(node point 240) resulting from the thermal transient (See Appendix B) and
material and structural discontinuities has been calculated by means of the
detailed ANSYS finite element analysis. Table 7.2 presents the results of this
analysis. Table 7.2 shows that a peak thermal stress of 93.5 ksi results seven
seconds af er initiation of the thermal transient. This peak thermal stress ist

combined with the PIPESD calculated pressure and seismic stresses at node 240
(See Appendix C) to determine a peak stress intensity range, S of 161.7 ksipand an alternating stress intensity, Sa l t ,- f 80.8 ksi (Figure 7.10). The
maximum allowable number of full stress cycles for the nozzle socket weld is
then 2900.

_
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TABLE 7.1

NATURAL FREQUEt!CIES OF VIBRATION
HPCS DISCHARGE LINE

MODE FREQUENCY (CPS) MODE FREQUENCY (CPS)

1 3.23 14 18.84

2 5.64 15 20.76

3 6.68 16 22.04

4 7.85 17 22.27

5 9.03 18 23.42-

6 9.40 19 25.20

; 7 11.61 20 26.31
-

'
,

8 11.81 21 26.62-,

9 12.15 22 26.771

: 10 13 37 23 28.39,

11 15.26 24 30.02
i

12 16.84 25 30.63

13 18.07 26 32 98

27 33.85
i

+

i >

_

|
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TABLE 7.2

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION
Stress, ksi
Time, Seconds

ELEMENT NO. 0 0.25 0.50 0.75 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0

1 0.2 4.1 12.3 20.9 23.9 26.1 21.2 16.7 13.1 10.2 8.0 6.0 5.5 4.1 2.5
4 0.6 7.0 18.5 31.4 28.6 47.2 43.6 39.4 35.0 32.3 29.8 27.1 25.6 24.0 19.1

7 2.0 8.8 20.1 33.5 40.9 51.7 49.2 47.4 45.4 43.9 41.9 40.3 39.7 38.0 33.2
12 1.2 7.4 19.7 34.8 43.0 58.5 57.6 55.0 52.2 49.6 47.5 45.8 44.1 42.4 37.0
14 1.5 2.5 5.7 10.3 14.6 16.2 15.0 12.3 11.4 10.8 10.4 10.6 10.3 10.3 8.8

16 4.2 4.1 8.1 16.3 38.0 41.8 46.1 46.0 49.6 48.3 49.6 47.4 44.9 44.1 3Y.9

20 1.0 2.1 5.0 9.6 15.7 28.7 35.4 41.1 42.2 44.5 44.4 47.4 49.6 47.1 47.5
24 1.6 1.9 4.0 7.7 12.7 24.1 29.1 33.0 37.3 36.6 40.2 38.8 36.6 43.9 36.8

31 2.6 1.6 3.6 7.4 12.5 10.1 14.2 19.1 24.2 27 3 30.4 32.3 33.5 34.7 34.9

33 4.2 4.2 5.7 10.1 16.3 32.9 44.6 52 9 56.6 60.8 61.7 64.3 65.7 63.4 61.4

39 0.6 8.7 21.5 36.6 46.3 63.1 65.1 65.t 64.3 63.1 62.2 61.3 60.2 E" 7 53.0

46 1.5 10.1 23.0 38.9 49.1 66.5 70.2 72.0 72.8 72.8 72.5 72.2 71.4 /2 64.5

47 2.0 1.6 3.2 7.5 11.6 28.1 37.0 43.1 48.8 51.9 54.5 55.9 ' 6.8 57.0 54.85

53 3.1 11.0 22.5 36.2 46.2 60.2 63.7 66.3 67.4 67.9 67.8 67.7 67.1 66.2 61.2

54 3.9 3.8 5.6 9.5 13.7 27.2 35.0 41.0 46.5 49.6 52.2 53.6 54.5 54.8 52.7 '

64 7.7 13.4 22.5 34.6 46.1 63.3 66.3 67.5 67.0 66.0 65,2 63.9 62.7 61.4 56.1

65 6.9 6.8 8.2 11.2 17.4 34.6 40.1 43 5 44.8 45 2 45.0 44.8 44.2 43.7 40 9
"

71 10.4 15.1 24.5 34.8 45.7 63.2 65.6 67.6 67.3 66.4 65.6 64.4 63.3 62.1 57.1
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TABLE 7.2 (continued)

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION
Stress, ksi

: Time, Seconds
ELEMENT NO. 0 0.25 0.50 0.75 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8. 0 9.0 10.0 15.0

:

72 8.8 7.3 95 12.9 17.5 27 3 40.9 44.3 45 7 46.1 46.0 45 9 45.4 44.9 42.4
'

82 22.3 28.2 38.7 51 5 60.5 74.7 77.6 79.1 79.9 80 3 80.2 79.8 79 0 78.3 73.2

83 21.2 20.8 23.4 25.0 31.5 41.5 46.1 55.2 58.8 61.5 63.8 64.8 65.6 65.8 63.6

89 19.9 26.0 39.4 54.3 65.5 84.4 86.6 91.3 92.5 93.4 93.5. 93.5 92.9 92.4 87.5

90 18.0 17.2 21 5 24.3 32.6 46.4 52.8 63.6 68.1 71.5 74.1 75.1 76.6 77.1 75.3
1

96 13.4 19.2 31.S 45.6 56.0 73.6 76.4 79.9- 81.0 82.1 82.0 82.3 82.0 81.9 78.4

97 11.8 9.8 13.6 16.4 21.1 33.8 40.5 46.4 50.0 52.6 54.5 55.9 56.7 57.6 57.0

100 16.8 17 9 18.2 19.7 22.1 29.2 38.4 40.9 44.3 47.0 48.8 50.3 51.2 51.4 50.8

103 14.3 51.1 13.7 14.3 16.9 25.3 29.2 33.9 36.8 37.9 39 3 40.7. 41.5 42.1 42.3

105 19.6 23.8 21.9 24.5 29.9 44.1 59 1 67.5 73.7 78.5 -81.3 83.6 84.3 85.4 79.4

111 8.6 11 7 16.2 22.0 28.9 38.9 45.9 47 6 49 0 51.5 51.4 52.3 52.4 52.8- 51.1

112 6.6 7.0 99 15.1 19.8 35.~ 1 45.2 47.6 50 9 53 3 54.4 55.4 55.4 55.7 54.0

113 17.8 20.8 19 9 22.5 26.4 37.2 50.7 57.2 63.6 67.6- 71.9 73.3 74.1 74.7 72.2

117 7.0 71 9.1 10.8 7.1 16.9 21.5 23.0 25.8 27.1 28.8 27.7 28.4 29.4 29.8

118 19.6 23.2 21.9 24.2 24.4' 34.7 42.6 47.1 50.8 54.1 55 9 56.7 57.5 58.4 58.1-

122 17.4 16.7 2c.8 23.9 32.7 38.2 47.2 51.6 55.8 60.9 62.7 65.3 66.7 68.9 68.8

][ 123 21.2 25.1 23.1 25.0 27.0 33.8 40.8 44.3 48.1 50.8 51.7 53.4 53.7 53.8 54.0

127 20.5 23.8 21.6 22.7 22.8 28.0 31.4 34.3 35.9 38.2 39 1 40.3 40.8 41.8' 42.0

,
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TABLE 7.2 (continued)

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION
Stress. ksi

Time, Seconds
ELEMENT NO. 0 0.25 0.50 0.75 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0

130 15 7 18.8 16.0 16.3 16.5 17.3 18.1 19.4 20.1 21.6 21.6 21 9 21.6 22.2 21.8

132 28.3 35.4 29.0 29.6 30.5 31.6 31.9 33.0 33.5 34.5 35.4 35.6 36.0 36.5 36.6

133 4.6 39 6.0 73 8.0 12 7 16.1 16.8 17.1 16.5 17 9 20.3 20.5 20.6 20 5
134 12.4 11.6 14.7 16.9 16.9 26.9 35.0 39.1 37.5 46.0 44.7 52.8 54.8 56.6 59 3
135 9.7 10.8 10.9 12.3 12.9 17.6 24.1 27.6 40.0 27.4 44.8 38.7 40.8 43.6 45.1
136 92 9.8 10.9 12.6 14.1 20.6 21.9 23.4 28.3 28.3 31.1 28.8 29.4 28.3 30.9
137 6.3 8.1 7.2 8.1 9.2 13.3 16.9 16.1 31.1 23.8 30.6 21 9 22.3 23.3 22.1

138 2.7 3.1 3.9 5.0 6.4 9.9 13.4 14.8 14.5 17.7 11.9 19 3 20.1 22.3 20.8
139 7.8 7.4 9.0 10.6 13.6 18.8 24.2 25.0 26.0 28.9 28.6 30.4 30 9 31.6 31.6
140 6.8 8.4 8.3 9.6 12.3 17.0 21.2 21.1 21.7 21.5 21 5 21.1 20.4 20.7 19.7
141 5.3 3.3 7.0 8.1 10 3 15.5 19.8 21.2 24.5 24.3 26.7 26.0 26.2 26.0 26.0

.
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FIGURE 7 1

COMPLI ANCE WITH ASME CODE EQUAT10fl 9/ DESIGN CONDITIONS
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FIGURE 7.2

COMPLIANCE WITH ASME CODE EQUATION 9/ DESIGN CONDIT!ONS
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FIGURE 7.4

COMPLI ANCE WITH ASME CODE EQUATION 10
NORMAL OPERATING CONDITIONS
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FIGURE 7.5

CONSIDERATION OF ASME CODE EQUATIONS 11 AND 14
NORMAL OPERATING CONDITIONS
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FIGURE 7.7

COMPLIANCE WITH ASME CODE EDUATION 10
UPSET CONDITIONS
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FIGURE 7.9

CONSIDERATION OF ASME CODE EQUATIONS 11 AND 14 UPSET CONDITIONS
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FIGURE 7.10

CONSIDERATION OF ASME CODE EQUATIONS 11 AND 14
UPSET CONDITIONS
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FIGURE 7.11

COMPLIANCE WITH ASME CODE EQUATION 9/ FAULTED CONDITIONS
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FIGURE 7.12

COMPLIANCE WITH ASME CODE EQUATION 9/ FAULTED CONDITIONS
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8. CONCLUSIONS

The results of the analysis indicate that the deflection of the HPCS discharge
piping system due to dead weight, thermal loads and the specified seismic
events are acceptable and that the stresses resulting from these loads, as
calculated and combined in accordance with the rules given in Subarticle NS-3650
of Section til fo the ASME Code (Reference 2), satisfy the design requirements
for Class I piping systems provided that:

1. rigid anchors are provided as indicated by node points 20 and
970 of Figure 3.1,

2. the rotation of the eccentric accutator of the control valve
CSV 204 (node point 50, Figure 3.1) is restrained by means of
appropriate bars or struts,

3 the restraints are designed using the support reaction forces
given in Table B-ll of Appendix B, and4

4. the total number of HPCS Initiations is limited to 2900 cycles.*

NOTE: The HPCS system has operated (or cycled) a total of 226 times
during all phases of plant testing and operation. However,-

only 25 operations or cycles have occurred with the LACBWR
plant at or near operating temperature during its 7 year
operating history. Considering a 40 year plant life, the,

i

total number of HPCS system operations with the plant at
temperature is expected to be less than 150 cycles. Clearly
this number is well below the maximum allowable number of
cycles at operating temperature (2900 cycles).>

,

,

|

-

--
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APPENDIX A

LACBWR HPCS DISCHARGE LINE PIPING AllALYSIS

PIPESD ANALYTICAL INPUT DATA
P

TABLE PAGE

A-1 Pipe Properties A-1

A-Il Valve Weights- A-2

A-Ill Static Load Cases A-3

A-IV Seismic Response Spectra A-5

A-V Dynamic Load Cases A-6
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1 1

TABLE A-1

PIPE DATA HPCS DISCHARGE LINE

WEIGHT OF
WALL PIPE WElGHT OF DESIGN DESIGN

RUN FROM TO PIPE 0.D. THICKNESS MATERIAL INCL. VATER INSULTATION TEMPERATURE PRESSURE
NO. POINT POINT SIZE (in) (in) (ASTM) (Ib/ft) (Ib/ft) ( F) (ps ic)

1 20 50 2-1/2" Sch 40 2.875 0.203 A312/TP304 7.87 1.01 120 100

2 230 240 1-1/2" Sch 80 1 900- 0.200 A376/TP304 4.40 2.04 595 1400

3 50 80 2-1/2" Sch 80 2.875 0.276 A376/TP304 9.50 2.55 595 1400

3 80 230 1-1/2" Sch 80 1 900 0.200 A376/TP304 4.40 2.04 595. 1400

4 70 250 2-1/2" Sch 80 2.875 0.276 A376/TP304 9.50 2.55 595 1400

4 250 260 2" Sch 80 2.375 0.218 A376/TP304 6.30 2.29 595 1400

4 260 270 2" Sch.80 2.375 0.218 A376/TP304 6.30 0.88 595 1400

4 270 470 2-1/2" Sch 80 2.875 0.276 A376/TP304 9.50 1.014 595 1400

5 390 570 2-1/2" Sch 80 2.875 .0.276 A376/TP304 9 50 1.014 595 1400

5 570 580 2" Sch 80 2 375 0.218 A376/TP304 6.30 0.88 595 1400
730 560

5 580 590 2" Sch 80 2.375 0.218 A376/TP304 6.30 2.29 595 1400
620 730

5 590 970 2-1/2" Sch 80 2.875 0.276 A376/TP304 9 50 2.55 595 1400

6 400 950 1-1/2" Sch 80 1.900 0.200 A376/TP304 4.40 0 76 595 1400
7 470 960

?
-
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TABLE A-Il,

i

' VALVE WEIGHTS|

TOTAL-WElGHT ECCENTRIC WElGHT ECCENTRICITY-VALVE liODE LOCATION (Ibs) (Ibs) (in)
:

2-1/2" Control 50 285 145 21.72
i ,

i 2-1/2" Check 60 40 - -

:

|
3-Way Control 260 215 125 21.72

i

1-1/2". Gate 430 52 - -

..

4

i 1-1/2" Check 440 36 - -

!

l-1/2" Gate 520 52 - -

1-1/2" Check 530 36 -
-

.

i
: 2" Control 580 230 140 31.08
:

2" Control 730 230 140 31.08

.

~
,
+

1

. . , - -
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TABLE A-lit

STATIC LOAD CASES

PIPESD ANALYSIS

Static Load Case 1
Internal Design Pressure
Applied Pressure Loads:

RUN NO. NODES PRESSURE (psig)

I 20 to 50 100.0
2-7 All Others 1400.0

Static Load Case 2
Internal Operating Pressure
Applied Pressure Loads:

:. RUN NO. NODES PRESSURE (psig)

1 20 to 50 100.0
2,3 50 to 240 1340.0
4-7 All Others 1400.0

Static Load Case 3
Dead Weight
Applied Loads: 1.0G Vertical Acceleration

i Static Load Case 4
! Selsmic Anchor Hovements
i Support Displacements:

.

| NODE DIRECTION DISPLACEMENT (in)
,

240 x 0.432
240 y 0.432

.

'

:
!

c. ~~/

|

. A-3
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Static Load Case 5
Thermal Anchor Movements
Support Displacements::

NODE DIRECTION DISPLACEMENT (in)

240 X -0.139
240 Y 1.260
240 Z 0.139

Static Load Case 8
Thermal-Maximu.n Credible Accident
Applied Thermal Loads:

RUN f(0. HODES- TEMPERATURE CHANGE (OF)

2 230-240 30.0

Discontinuity Stresses:

NODE LINEAR TEMP. NON-LINEAR TEMP. THERMAL DISCONTINUITY
NO. GRADIENT, Ti (OF) GRADIENT, T7 (OF) STRESS (ksi)

,

230 157.8 0.0 0.0
240 * * *

I Static Load Case 9
. Thermal - Normal Start-Up And Shutdown
Applied Thermal Loads:.

RUN NO. NODES TEMPERATURE CHANGE ( F)
,

_ ,

2 230-240 344.0
.

!

i

|

|
i

J
~

,

' '

* Thermal Gradient and discontinuity stresses for node 240 are calculated
in detalled ANSYS tharmal stress analysis using the LION generated transient
temperature profile (see Appendix B).

A-4
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TABLE A-IV

SEISMIC RESP 0f4SE SPECTRA PIPESD AtlALYSIS

I
SPECTRUM t10. I SPECTRUM fl0. 3

(il0Rl20tlTAL OBE) (HORIZ0tlTAL SSE)
FREQUEllCY ACCELERAT10tl FREQUEf1CY ACCELERATI0tt

cps in/sec2 cps in/sec2

40.00 61.82 40.00 103.19
8.00 61.82 10.00 103.19
5.98 104.33 6.57 127.51
5.20 185.47 5.40 251.84
4.20 471.41 4.69 258.89
3.80 564.14 4.20 492.66
3.35 197.06 4.09 444.36
2.95 100.46 4.00 467.54
2 39 197.06 3.59 376.74
2.25 176.74 3.40 289.80
2.10 320.71 2.95 173.88
2.00 251.16 2 50 318.78
1.62 838.48 2.29 289,80
1.60 637.56 2.10 502.32
1 58 683 93 2.00 405.72
1.37 239.57 1.75 1120.56
1.30 266.62 1 70 919.63
1.00 135.2'. 1.60 985 32
.83 83.0/ 1.35 434.70
.63 41 54 1.31 434.70
50 1.54

SPECTRUM F10. 2 SPECTRUM t10. 4
(VERTICAL OBE) (VERTICAL SSE)

FREQUEf1CY ACCELERATI0il FREQUEtlCY ACCELERATl0tl
cps in/sec2 cps in/sec2

40.00 15.84 40.00 31.63
33.00 15.84 33.33 32.68
20.00 28.98 20.00 51.00
14.92 40.96 14.92 68.01
10.00 67.23 9 00 108.19
9 00 77.2S 2.39 132.14
2.25 92.73 2.00 106.64
1.65 66.07 1.49 Bl.lh
1.00 39.80

.80 35 16
59 25.50

.40 17.00
-

.25 10.82

.20 7.23

.10 1.16
A-5
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TABLE A-V,

i

j
DYNAMIC LOAD CASES /PIPESD ANALYSIS

1.

j Spectrum No.
;

In Global DirectionLoad Case No. Load Description X Y X
.
1 -

j 6 x + y Earthquake (OBE) l' 2 0

7 z + y Earthquake (OBE) 0 2' i '

; 10 ' x + y Earthquake (SSE) 3 4 0
< |

: 11 z + y Earthquake (SSE) 0 4 3
'

i

.

9

4

i
1

-

4

!
:
f

"

:
L

;

:
'

:

:
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TABLE B-11 (b)

ELaST I C SUPP O9 T REACTIONS (LOAD CASE 4)

SEISMIC ANCHOR MOVEMENTS - X AND Z (NODE 240) OBE-
.. . . . .. - . - - . . _ . .

S u o PO R T / ----------F 3 R O E (Ln.)----------/ /--------MOMENT (IN-LO.)--------/
: J31HT Y Y Z X Y 2

20 6.F2G7 -33.4644 -30.e353 - 339.1756 -27.2763 106.4049
50 0.0000 0.0000 0.C000 -883.3631 -181.2601 -182.9113

145 0.U009 -12.2452---- 0.0000 - - - - - 0.0000 - 0.C000 0.0000
240 20.9915 -11.0090 13.E953 272 7224 730.1319 172.1798
2 00 -26.3573 54.4503 17.6553 0.0000 0. C0 00 0.0000345 -1.4461 5.2041 .1792 0.000C 0.C000 0.0000
344 0.0000 -2.At37 0 0000 -- 0.0000 0 0000 0.0000155 0.'0000 .1845 0.0000 0.0000 0.0000 0.0000
3 RS - -- 0. 0 0 0 0. .023A 0.0000 --- - 0. 0 0 0 0 ------ 0. 0 0 0 0 --- 0.0000 - -

410 .0 189 0.0010 .0030 0.0000 0.0000 0.00004% .2 229 . 0 0 4 2 ---- .0206 -- - - 0 0000 0 0000 0 0000495 0 0C00 .0066 0 0000 0.0000 0.0000 0.0000
5 75 -0.0000-- .0149- 0.0000 -- - --- - 0. C 0 0 0 - -- 0 . 0 0 0 0 - C.0 00 0 -

580 .0031 .0130 .3334 0.0000 0.0000 0.0000
-- - 7 30 - - .0577- .0100 .0296 0.0000 0 0000 0. 0 00 0 ----

9 50 .0016 .0367 .0005- .0057 .0378 .2877960 .0000 --- .0016 .0014 - - .0491 -- .0092 .0002 - -

9 70 . C i S3 .0031 .0058 .0173 .0388 .1159

T
w

- - _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ . _ _
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TABLE B-ll (c)

EL4 STIC SUP PORT REACT IONS (LOAD CASE 5)
. __ __ _ . _ . . . _ _ . _ __ -_. ... ..

THERM AL ANCHOR MOVEMERTS
.

SU P PO R T / ----------F O R CE ( L B . ) - - ---- -- -- / /- ------- MO M EN T (IN-LB.)--------/
J3 INT X Y ---Z-- ---- -X Y - Z

20 -9.409 -36.774 - 1.292 -191 655 39.330 -156.309 -

c0 0.000 0.000 0.00 0 -717.347 261.423 544.365
145 0.003 -142.990 ----- 0.000- --- 0 000 - 0.000 - 0.000 --

240 '3. 313 45.967 -11.375 111 000 -444.7e7 2512.800
2 60 ? S. 973 150.060 -16.448 --- -- 0 000 0.000 0 000
369 7.519 -29.263 -7.275 0.000 0.000 0.000
34B 0.000 12.852 0.000 -- 0 000 0.000 0.000
355 0.000 .889 0.000 0.000 0.000 0.000
389 0.000 -- .131 -- 0 . 0 0 0 -- - ---- 0 . 0 0 0 - 0.000 0.000
430 .111 0. 000 .017 0.000 0.000 0.000
468 .506 .020 - .049 - 0 000 0 000 0.000
4 95 0 000 .057 0.000 0.0 00 0.000 0.000
5 75 0.000 - .045 -- 0 0 0 0 - - - -- 0.0 00 0.000 - 0.000
S ec . 055 .C04 .645 0.000 0.000 0.000
7 30 - - ----- . 2 A 7 . f. 6 9 - .151 -- 0. 0 0 0 -- - 0. 0 0 0 - 0 . 0 0 0 - - --
9 50 .003 .260 .00 3 .030 .054 -1.945
9 60 .002 .019 .003 --- .073 - .022 .015
9 70 . 038 .009 .022 .205 .161 .371

7
5
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TABLE B-ll (d)
.

EL A S TIC SU P PORT REACT I ONS (LOAD CASE 6)

03E SEISMIC - y +Y
--. - - - . - . . _. . . . _ _ . _ . . . . _ _ . . _ . . .

TOTAL RES PONSE EQUALS' MODE i THROUGH 27 RY SOSS SUMMATIOh

SUPPORT /------- 4-r0RCE (L9.)----------/ /- ------- M O M EN T ( I N-L B . ) -------- /
JOINT Y Y Z X Y Z

. . . _ . . . . _ _ _ . . . _ . . . . .

20 16.925 11.550 7.78 9 153.8 69.5 279.2
50 0.000 . 0.000 0.000 293.1 191.8 256.0

1 45 9 000 7.470 0.000' O.0 00 0.0
2 40 7.203 4.467 7.193 - - 111.7 399.7 181.2
2 60 19.334 15.678 20.999 00 0.0 0.0
'545 - 11.291 - - 11.560----- 9.322 - - 0 . 0 - -- - 0.0 0.0
34P 0 000 7.971 0.000 00 0.0 00
355 0.000 - 9 . 2 7 8 -- - -- 0 . 0 0 0 - - - -- - 0.e 0.0 00.

1 3 85 0.000 9.13? 0.000 0.0 0.0 0. 0
4 30 2. 4 5 6 -- - O . P 0 0 --- -- 1. 5 7 7 --- - ' -- - 0.0 - 0.0 - - O. 0

-
- - - -

4E6 71.622 4.519 10.921 0.0 0.0 0.0
-- --- 4 9 5 - - - -- 0.000 3.890 0.000 0.0- - 0 . 0 - -- 0 . 0 -- -

575 0. 000 25.678 0.000 0.0 0.0 0. 0
5 80 -- 71. 531 ---42.449 11.552 -2- 0 . 0 ---- - -- 0 0 - 0. 0
730 91.047 9.513 18.014 00 0.0 0. 0
9 50 .854 - - 7.747 .291 2.9 - - - - - 13.1 - - 53.9
960 11.788 3.010 13.495 493.8 173.7 246.5

- -- - - 9 7 0 -5.677 7.463 6.790 90.7 -- 18 6. 2 ---- 6 51. 5 - --
.. _. .. ..._... . -- .. -. . . . . . .. .. ~.

| T
|

- - - -



__ . _ - . ___ . _ - _ _ ._.

TABLE B-Il (e)

_ _ . . __ _ __ . _ _ _ _ _ . . _ . . . _ __ __ ..

EL A S T I C SU P PO R T REA CT I ONS (LOAD CASE 7)

OBE SEISMIC - Y+7
___ _ ___ _.____

- TOTAL RES PONTE EQUALS HODE i-THQ0 UGH 27 BY -SOSS SUMMATION -- --- - - -

SUPPORT /----------FORCE ( L B . ) - --------- / " /- ------ - M 0 H E N T (IN-LB.)--------/ -

J3 INT Y Y Z X Y, 7

20 14.260 16.982 9. 51 5 198. 59. 236.
50 0.000 0.000 - 0.000 -- -- 373. 238. 284.

145 0.000 8.164 0.000 D. O. O.
,

2 40 7.P99 4.890 - 13.792 - 141. 929. 262.
260 19. 511 20.652 23.697 C. O. O.
145 - 9.651----- 12.701 5 . 7 3 2 ----- - - - - - - - O. - - 0. ---0.
348 0.000 7.333 0.000 C. O. O.
355 0. 0C 0 8.116 - 0.000 --- - - - 0. - - 0. -- O.
369 0. 000 6.55G 0.000 0. O. O.
4 'O ?.423 - 0.000 3.319 - - - - - - 0.- - G.- --- D.
46n 6.717 9.971 18.399 0. O. O.

- 495 -- - c . 0 0 0 ------- 2 . 5 7 ' -0.000 --- 0 . : - - 0 . - - - - - - D . --- - -
579 0.001 63.2E2 0.000 C. O. O.
580 9. 3 21 86.160 --- 41.625- - - - - - - - - - O. - -- 0.- - D. -

7 30 7.255 R.529 58.847 0. O. O.
'

9 50 1.461 10 . 0 8 7 - - -- . 6 0 0 -- - - - - 6. -- 21. 60.
9 60 14.462 4 761 30.913 1138. 326. 486.
9 70 - - - - - - 2.623 ----16.368 -3.560 -43.. - - 4 6.-- 2 64. -- -

_ . . . . . _ _ _ _ _ _ _ _ . . ._ . _ _ . . . _ . . _ . . . _ _ _ . . . _ . . . ._ _ _ _

G
.
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TABLE B-II (g)

.~ ._..

EL A ST IC SU P P O RT REA CT IONS (LOAD CASE 11)
_ . . . . _ . _ _ _ . . . .

SSE SEISMIC (Y + 7)
- - - - ~ ~ " ,

_ _.
___ _ _ _ _

TOTAL RES PONSE EQU ALS MODF - 1' THROUGH 27 BY SOSS SUMMATION -

SUPPORT /----------FORCE (L9.)----------/ /- ------- M O M EN T - ( I N-L E . ) --- ----- /JOINT Y Y Z X Y Z

20 24.14 25.29 16.49 331. 99. 399.SC 0.09-- -- 0 . 0 0 ---- 0 . 3 0 - --------- 5 7 8 . - 376. - 455.149 0.00 12.54 C.00 0. O. O.2 4G 12.91 7. 5 G 20.70--- -- 218. 1375. 396.2(0 25.05 31.94 38.43 0. O. O.345 - - 15. 29 - --- 19. 6 4 - - --- 9. 4 9 O. -- --- O. - "0.348 0.00 11.52 0.00 0. O. O.
,

359 0.00 - 13.07 - 0 00 - O. O. D.365 0.00 10.89 0 00 C. D. D.4 30 3.94 - - - 0 00 -- - 5.36 - - - - - -- 0. - O. O.4 63 11.44 16 16 29.79 C. O. O.495 - - 0. 00- - 4.38 0 00- -O. -- -0.- - - - 0.---575 0.00 110.60 0 00 0. O. O.5 90 9.03 S0.65- - 72.55 ' - - O. - G. O. --

- - - - -

7 30 11.05 14.69 102.92 D. O. O.9 50 2.39 - 16. 3 5 -- - .97 - - - - - 10. 33. 97.
,

960 23.50 7.82 50.09 1840. 527. 786.9 70 ---- - - - --- 4 . 5 9 -- 2 8 . 6 3 6. 21 --- - 7 5. - - --- -- 8 0 . - - ---- 4 6 0 . - --.- -
.. - _.. ..

. . . . . . . _ . _ _

;

__ ._



APPENDIX C

LACBWR HPCS DISCHARGE N0ZZLE WELD ANSYS ANALYSIS INPUT DATA

TABLE C-1 Element Properties

FIGURE C-l Thermal Transient Loads
(From Appendix E Results)
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! TABLE C-1

ANSYS MODEL ELEMENT PROPERTIES

HPCS DISCHARGE SOCKET WELO

ELEMENT TEMPERATURE F-
NUMBERS HATERIAL PROPERTY 70 100 , 200 , 300 , 400 500,

. .

1-31 Elasticgodulus 27.0 r-<
33-41'

_a E, 10 Psi
43 48 d u
50-55 b; ;; Design Stress Intentity 20.0 20.0 20.0 20.0 18.7 17.4,

57-59 $ 2E S , ksiu,
n

64-77 0 E$
86-88 E! )R 0: Mean Coeff. Of T ermal 9 11 9 16 9 34 9.47 9 59 9.70

0F -I93-95 E |2 Expansion, a, 10-
100-102 Ui

"'

105-110 Poisson's Ratio'
0.30 --

-

v

6 - 30.0 r
82-84 E, 10 p,;o
89-91 S?13
96-98 _, 2 S , ksi -: 23.3 3-

103 Ee -6 o ,y
111-146 8* a , 10 F 7.13 7.20 7.40 7.56 17.70 7.8,

_=.
v 4 0 30 9-- --

-642, 49, 56' E, 10 Psi ; 0.10 3---

60-63 >., -6 6 -178-81 E% a, 10 7 =t 0.10 >--
85, 92, 99, 104 8 "' ,

i v =' O.30 rc,

| 1.
,

k
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APPENDIX D

ASME CODE CALCULATl0f15 AT HPCS DISCHARGE N0ZZLE
.

(Refer to Code' Calculations for Node 240, PIPESD Piping
Analysis NES Binder S-03)

Consideration of Desic'n Conditions

The p'imary stress intensity limit is satisfied if the requirement ofr

Equation 9 is met.

+ B2 h N83 i 4 1.5S (9)m

where:

B,B2 = primary stress indices for the specific product3

under investigation.

P = design pressure, psi

D = outside diameter of pipe, in,o

t = nominal wall thickness of product, in.

So = allowable design stress intensity value,
psi

i = momen t o f i ne rt ia , inn

H[. = resultant moment loading due to loads caused by
(1) 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.

From computer output S-03
'

For x + y Earthquake Equation 9 is satisfied as 4

4.99 + 4.87 4 1.5 x 20 (9)

or 9.5 5 30.0 ksi

For y + z Earthquake Equation 9 is satisfied as

4.99 + 6.08 d 1.5 x 20 (9)

11.07 6 30.0 ksi

D-1



. .

Consideration of Nornal' Conditions.

Satisfaction of Primary Plus Secondary
Stress intensity Range

Primary plus secondary stress intensity range is calculated using
Equation (10)

S =C3 -+C2 Mi+ (10)n

En |6Tj| + C E T3 ab aT ab b 13Saa m2 -v)

(Refer to ASME Code for nomanclature)

Since thermal stress components of equation (10) are not evaluated in the.
detail transient ANSYS stress analyses, they will be conservatively~

estimated from the equation (11) stress analysis results.

From Computer Output S-03

KjC) PoDo 38.19 ksi=

2t

KC 27,24 ksi for x + y Earthquake22 Hi =

29.99 ksi for z + y Earthquake=

From detail transient ANSYS stress analysis for thermal loadings: the maximum
peak stress intensity due to structural and material discontinuity and linear and
non-linear temperature gradient is:

AT | + K C E bb|+K Ea i 3 3 ab aT - T2 ( -vl 3 a aa

! I Ea|AT|=93.5ksi in ANSYS2l-v Model Element No. 39

For Socket Veld fitting, stress indices Kj , K2 and K3 are

Kj 3 0; K2 = 2.0; K3=30=

I
'

C; P 38.19 12.73 ksi= =

3

Do 27.24 13.62 ksi for x + y Earthquake= =
C2

29.99 15.0 ksi for z + y Earthquake= =

2
,

D-2



. - . . - - -- .. ,

i And Conservatively:-

!

1
ATj|1Ea C Eab,+

3 O T ~O T2 ( 1-v) aa bb,

93
31.17 ksi= =

3
4

Equation (10) at Node 240 is satisfied as*
..

;

12 73 + 13.62 + 31.17 1 3 x 20.0
(10) For x + y Earthquake

57.52 1 60.0

12.73 + 15.0 + 31.17 1 3 x 20.0 (10) For z + y Earthquake

58.90 1 60.0 ksi

Satisfaction of Peak Stress intensity Range

Peak Stress Intensity Range S is calculated using Equation (11)p

K C; PoDo +KC22 ty +S Do=
yp 2t 21

K Ea [ ATj + K C Eab aTa a - Ob b + Ea AT (II)T3 33'

2 (1 -v) 2

From Computer Output S - 03

38.19 ksiKgCg E52Ea =

2t

( KC22 iii = 27 24 ksi for x + y Earthquake

29 99 ksi for z + y Earthquake=

From detail transient and AliSYS stress analysis for thermal loading

1 K Ea AT + KCE
Eu | LT3 3 ab gat, ab bT + I3

2 ( 1-v) 1-v 2

93.5 ksi in AflSYS Model=

Element flo. 89

*

i
.

p = 38.19 + 27.24 + 93 5S 158.93 ksi for x +.y Earthquake=.,

S = 38.19 + 29 99 + 93.5p 161.68 ksi for z + y Earthquake=

|

0-3
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..

Simplified Elastic - Plastic Discontinuity Analysis
.

Since Equation (10) is satisfied. Equations (12) and (13) need not be
evaluated.

Alternating Stress intensity

The alternating stress intensity Salt is calculated using Equation (14)

Salt K (14)
= e

where:
Salt aiternating stress intensity=

Sp peak stress intensity value calculated=

by Equation (11)
K 1.0 for Sn.< 3 S=

e m

Salt 1.0 x_158.93
* = 79.47 ksi for x + y Earthquake.. =

2
80.84 ksi for z + y Earthquake-

.'. From Figure I-9.2 of the ASME Code the allowable number of cycles is 2900.
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