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1. INTRODUCTION

Seismic and stress analvsis of the High Pressure Core
Spray (HPCS) suction piping and support system of the La Crosse
Boiling Water Reactor (LACBWR) have been performed to verify
the adequacy of the "as-built" HPCS piping system to withstand
a seismic event. The High Pressure Core Spray System of the
LACBWR plant is the principal emergency core cooling system.
It is designed to provide emergency coolant spray to the reactor
core in the event that reactor water level drops accidentally.

Seismic and stress analyses of the LACBWR HPCS piping
system were performed and design of the additional seismic
supports were prepared by Nuclear Energy Services, Inc.
(Reference 1 and 2) using the seismic criteria and spectra
developed by Gulf United Nuclear Fuels Corporation (Rcforonc(lrj).
However, under Systematic Evaluation Program (SEP), the seismic
hazard at the LACBWR site has been reevaluated, using current
methodology and site specific response spectra. The applicable
response spectra developed by EG&C under the SEP program
(Reference 4) exceed the original design spectra as indicated
in Figures 1-1 through 1-4. In order to assure adequacy of the
LACBWR HPCS piping system to withstand the higher postulated
seismic excitation, Structural Mechanics Associate of Connecticut
Inc. ( SMA-CT ) has analyzed the HPCS piping system using the
current ASME Code and licensing criteria. The revised analysis
is based on the "as-built" configuration of the piping and support
systems and include the stiffness characteristic of the piping
supports. This report presents tlie results of the seismic and
stress analysis conducted to verify the adequacy of the HPCS Suction
piping and support systems. Th: HPCS disnharge piping analysis
is presented in separate repo-t.
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The HPCS piping and their support systems have been
evaluated in accordance with the applicable requirements for
Class 1 piping and component supports stipulated in the ASME
Boiler and Presuure Vessel Code, Section III, Division 1,
“Nuclear Power Plant Components", 1983 (Reference 5) and USNRC
Standard Review Plan 3.9.3 "ASME Code Class 1,2, and 3 Components,
Component Supports, and Core Support and Structures;" 1981
(Reference 6).

The seismic and stress analyses for the HPCS piping
systems have been performed using the NUPIPE computer code
(Reference 7), which is widely used code in the nuclear industry.
The piping geometry input data (coordinates, diameter, wall
thickness and weights), and the pressure and thermal loads
have been taken from the piping isometric drawings (Reference 8),
specifications (Reference 9), Nuclear Energy Services, Inc.
reports (Reference 1,10, and 11) and the "as-built" field -k
verification data (Reference 12). The seismic analysis has N
been performed using the response spectrum modal superposition
method of dynamic analysis including a correction to account
for the effects of non-participating mass. The seismic responses
have been calculated using the applicable spectra associated with
the damping values given in NRC Regulatory Guide 1.61 (Reference 13).
The combination of modes and spatial earthquake components are
based on requirments of NRC Regulatory Guide 1.92 (Reference 14).
The stress analysis and acceptance criteria are in accordance
with the design requirement of ASME Code and NRC Standard Review

Plan 3.9.3.

Section 2.0 of this report describes the description
of the piping systems. Applicable Codes, standards and specification,
are given in Section 3.0, while Section 4.0 describes the loading
criteria. The acceptance criteria given in the Section 5.0 are
consistent with licensing criteria as specified in ASME Code,
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and current NRC Regulatory Guides and the Standard Review Plan.
The analytical methods for the static, dynamic and stress analysis
are given in Section 6.0. Section 7.0 summerizes the results

and conclusions of the analysis.

The results of the analysis indicate that the HPCS suction
piping systems and their supports meet the acceptance criteria.
Therefore, it has been concluded that the HPCS suction piping
and support system meet the intent of current licensing criteria.

1-3
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2. DESCRIPTION OF PIPING SYSTEM

The High Pressure Core Spray (HPCS) system of the

LACBWR power plant is the principal emergency core cooling
system. It isdesigned to provide an emergency coolant spray to
the reactor core in the event that reactor water level drops
accidentally. this is done either by means of high pressure
water injection under high reactor pressure conditions or by
direct gravity feed of water from the overhead storage tank

to the core spray header under low reactor pressure conditions.

In order to simplify the seismic and stress anlyses of
the long and complex HPCS piping system, the HPCS piping system
has been divided into two sections. The first consisting
generally of the suction piping which runs from the over head
storage tank to the HPCS pumps and the second consisting
of the discharge piping which runs from the HPCS pumps to the;
core spray header inlet. The HPCS suction line is further "5
simplified by dividing it into two sections as shown in
Figures 2-1 and 2-2. HPCS Suction line 1 shown in Figure 2-1
consist of 4" schedule 405 stainless steel piping from the
overhead storage tank to node no. 19 near the 4"x3" reducer.

A portion of the 4" fuel storage well flooding line connected
at node no. 18 is included in the analysis of HPCS line 1.
The HPCS suction line 2 shown in Figure 2-2 begins at node
no. 19 and consist of schedule 40S stainless steel piping

up to HPCS pumps Aand B. Rigid anchors at node nos. 40 and

79 have been provided to isolate the HPCS suction line 2 from
sodium pentaborate and h'gh pressure service water piping
system.

The Schematic of the piping systems shown in Figure 2-1
and 2-2 includes major pipe dimensions, elevations, anchor points

and support locations, The piping arrangement, has been taken
from drawings of Reference 8. Piping properties are based on




information given in the piping specification (Reference 9)
and are summarized in Appendix A. The location of pipe support
systems and their structural stiffness charecteristics are
vased on informations given in Referencesi, 10, & 11, and
those obtained/verified by Dairyland Power Co-Operative
engineers from a field inspection dated February 1 through

4, 1983 (Reference 12). The support Structural characteristic
are shown in Figures 2-3 through 2-6. The support stiffnesses
are summarized in Appendix A.
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3. APPLICABLE CODES, STANDARDS AND SPECIFICATIONS

The HPCS piping and support systems have been analyzed using
applicable methodology and acceptance criteria consistent with
current ASME Code and Regulatory requirements.

The following design Codes, Regulatorv Guides, Standard
Review Plan criteria and specifications have been used in the
geismic and stress analysis of Class I piping and support
systems.

1. ASME Boiler and Pressure Vessel Code Section III, Subsection
NB Class I Components, 1983 Edition.

2. Standard Review Plan 3.9.3 "ASME Code Class 1 2 and 3
Components, Component Supports and Core Support Structure”.

3. USNRC Regulatory Guide 1.61, "Danpihg Values for Seismic
Design of Nuclear Power Plants”®, October, 1973.

4. USNRC Regulatory Guide 1.92 "Combination of Modes and
Spatial Components in Seismic Response Analysis", Revision
1, February, 1976.

5, Sargent and Lundy Engineers, "Specification for Piping
System La Crosse Boiling Water Reactor”, LACBWR #256.

6. Allis-Chalmers, "La Crosse Boiling Water Reactor Safeguards
Report Volume I and II, LACBWR #2813, dated August, 1967.



. 4., LOADING CONDITION

Appendix A to the Standard Review Plan 3.9.3 and ASME
Code Subsection NB provide guidance in the selection of acceptable
design and service stress limits associated with various loadings
and combinations there of, resulting from plant and system
operating conditions and design basis events, and natural
phenomenon. Based upon these guidance, the following applicable
loading conditions have been considered in the analysis.

Design and Operating Pressures.
Piping design pressures are taken from the LACBWR

piping specification (Reference 9) and are 100 psig for both

the HPCS Suction line 1 and 2. Operating pressures for the

HPCS Suction lines are based on the LACBWR Safeguards Report
(Reference 15). These are 100 psig for both the HPCS Suction line
1 and 2. '

Dead Weight and Sustained ‘Mechanical Loads.
The dead weight of the piping system is calculated

considering the piping to be insulated and filled with water.
Sustained mechanical lcade considered in the analysis includes
the weight of the valves and valve operators. The uniformly
distributed piping weights and the concentrated weight are
given in Appendix A.

Thermal Load

The HPCS suction piping system is basically a cold
line containing room temperature water from the overhead
storage tank. Thermal expansion stresses are calculated
assuming the design temperature of 120°F to be the normal
operating condition. Thermal discontinuity and thermal gradient
secondary bYending stress are negligible at this temperature
and are therefore, not considered in the analysis.




Seis Loadi
The piping anchors and supports are subjected to seismic

accelerations as defined by the appropriate response spectrun
for each of the two horizontal and the vertical directions.

The 2% damped, peak-broadened Safe Shutdown Earthquke (SSE)
Spectra associated with the Containment Building at an

elevation of 752 feet (Reference 4) are used for the HPCS
Suction line 1. These spectra shown in Pigure 4-1 through

4L-3 are conservative for all elevations of the HPCS Suction

line 1. Similarly, the 2% damped, peak broadened SSE spectra
associated with the Containment Building at an elevation

of 701 feet are used for the HPCS Suction line 2. These spectra shown
in Figure 4-4 through 4-6 are conservative for all elevatiaons of
the HPCS suction line 2. The digitized seismic spectra are
presented in Appendix A.

The relative seismic anchor movements between the various
pipe support and anchor points are calculated from the low frequency
displacement response obtained from the Containment Building
response spectra. The relative seismic anchor movements used
in the analysis are presented in Appendix A.

For load combinations including Operating Basis Earthquake
(OBE), *he SSE response results are conservatively multiplied
by a factor of 0.5.

r
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5, LOAD. COMBINATIONS AND ACCEPTANCE CRITERIA

The requirements for load combinations and stress acceptance
criteria for a Class I piping system are given in NRC Standard
Review Plan 3.9.3 (Reference 6) and Subsection NB3600 of Section III
of the ASME Code. These requirements are summarized below.

5.1 Design Considerations and Design Loadings.

The primary stress intensity, resulting from design
pressure shall satisfy the requirement of equation 1 of the
ASME Code.

5.2 Service Loading Combinations.

Service Level A Stress Limit

The piping system shall meet a service limit not greater .
than Level A when subjected to sustained loads resulting from;!'
normal plant/system operation. This requirement is satisfied
by limiting the primary stress intensity due to pressure and
sustained loads calculated using equation 9 of the ASME Code
to 1.5 times the allowable design stress intensity, Sp , at
design temperature.

Service Level B Stress Limit

The piping system shall meet a service limit not greater
than Level B when subjected to the appropriate combination of
loadings resulting from (1) sustained loads, (2) specified
plant/system operating transients (SOT) and (3) the Operating
Basis Earthquake (OBE) The requirement for Service level B
is satisfied by limiting the primary stress due to applicable
service level B loadings as calculated by equation 9 of the
ASME Code to 1.8 S or 1.5 Sy which ever is smaller. In
addition the primary plus secondary stress intensity range
resulting from the combined effects of linear thermal expansion
linear thermal gradient and discontinuity, operating pressure



thermal anchor movement calculated in accordance with equation o
of the ASME Code must be less than 3 Sm. In the event equation 10
is not satisfied, the piping component may still be acceptable
provided the requirement of a simplified elastic-plastic dis-
continuity analysis (NB-3653.6) are met.

Service Level C Stress Limit

The piping system shall meet a service limit not greater
than Level C when subjected to the appropriate loadings resulting
from (1) sustained loads and (2) the design bacis pipe break
event (not specified in this analysis)

Service Level D Stress Zimit

The piping system shall meet a service limit not greater
than Level D when subjected to the appropriate combination of
loadings resulting from (1) sustained load (2) LOCA; and (3) The
Safe Shutdown Earthquake (SSE). The requirement for Service 1swel
D is satisfied by limiting the primary stress due to applicable
gervice level D loadings as calculated by equation 9 of the ASME
Code to 2.48p, or 0.7S, which ever is smaller.

A
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6, PIPING ANALYSIS

6.1 NUPIPE ANALYTICAL PRQOCEDURES
The basic method of anlysis used in NUPIPE is the finite

element stiffness method. In accordance with this method, the
continiuous piping is mathematically idealized as an assembly

of elastic structural members connecting discrete nodal points.
Nodal points are placed in such a manner as to isolate particular
types of piping elements, such as straight runs of pipe, elbows,
valves, etc., for which force-deformation characteristics

can be categorized. Nodal points are also placed at all discont-
inuities, such as piping supports, concentrated weights, branch
lines, and changes in cross-section. System loads such as weights,
equivaent thermal forces, and earthquake inertia forces are applied
at the nodal points. Stiffness charateristics of the interconnecting
members are related to the effective shear area and moment of - %
inertia of the pipe. The stiffness of piping elbows and certain
branch connectors is modified to account for local deformation
effects by the flexibility factors suggested in the ASME Section
III Code.AFigurea £~1 through 6-4 shows-the NUPIPE mathematical
model and computer plots of the HPCS suction line 1 and 2 piping
svatems.

6.1.1 Static A gis
The static equation of equilibrium for the idealized
system may be written in matrix form, as follows:

KU = P = Q | (He1)
where:

= gtiffness matrix for assembled system
= nodal displacement vector

external forces, weights, etc.
= equivalent thermal forcea = fAEa TdL

O v R
"

-



The nodal unknown displacements are obtained in NUPIPE by
solving these simultaneous using the Gauss method. The nodal

displacements are then applied to the individual members, and
member stiffness used to find internal forces. The nodal displ-
acements at support locations is used along with the support
stiffness to determine support reactions.

6.1.2 D sis

6.1.2.1 Mathematical Model
For dynamic analysis, the mathematical model is described

as a lumped mass, multi-degree of freedom model. The distributed
piping mass is lumped at the system nodal points. The equation
of equilibrium for the system is:

MO +C0 +KU =F (6=2)

i.
L3 LA

where:

= mass matrix for 'assembled system.

= damping matrix for assembled system

« nodal acceleration vector = U(t)

= nodal velocity vector = U(t)

nodal displacement vector

= applied dynamic force = F(t) = Mﬁ} for earthquake
g: support acceleration = U;(t)

e o =

9 =
"

This equation is solved for the system dynamic response
as follows. First, the frequencies and mode shapes are obtained
by removing the forcing and damping terms from Equation 6-2 and
solving. Next, the natural mode shapes are used to affect an orthogonal
transformation of Equation 6-2, yielding a series of indepdndent

equation of motion uncoupled in the system modes. Then, the uncoupled
equations are solved by the response spectrum method to obtain

system response in each mode, and the individual modal results

6-2




are then combined in accordance with Regulatory Guide 1.92
(Reference 5) to determine the total system dynamic response.
The mathematical formulation of these steps are as follow:

6.1.2.2 Natural Frequencies and Mode Shapes
The eigenvalues (natural angular frequencies “n) and

the eigenvectors (mode shapes On) for each of the natural
modes are calculated by solving the frequency equation.

[x - «u] {on} = {0} (6-3)

where:
“, = natural frequency in nth mode i
K = stiffness matrix . o ;
M = mass matrix
¢, = mode shape vector in nth~modc

0= null vector

The eigenvalues and eigenvectors are obtained in NUPIPE using the
Householder- QR algorithm (NUPIPE -11M) or subspace iteration
(NUPIPE-11L).

6.1.2.3 Dynamic Response
Pre and post-multiplication of Equation 6-2 by [¢] , the

square matrix of mode shape vectors, constitutes an orthogonal
transfornation, from which the uncoupled equations of motion
shown below are obtained.

2
. . .
Y o+ ¥ Y = A (6=4)
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where:

Y = generalized (modal ) displacement coordinate
for the n*® mode (Yn = #n'n)

A\n = damping ratio for the nth mode expressed as

percent of critical damping

P th :
n*generalized force for the n™ mode = Onﬁ

Solution to these differential equations is obtained by the
method of response spectrum superposition.

6.1.2.4 Response Spectrum Superposjition
Based on this method, the maximum generalized acceleration
for each mode is given by:

a2 3 2 1/2
L™ (Jﬂa.z(u"'1 s."’) ) b ' .

i
AR LA

where:

<o

n max = maximum generalized coordinate acceleration
response

Sa th

nj = spectral acceleration for n mode in
in J-direction (from response spectrum
data input)

R th

nj = Mode participation factor for n mode in

J=-direction

M th

n = modal mass for the n mode = /.: m)

\



The maximum internal inertia forces are given by:

Fin » HiYn ¢

in = maximum inertia force at nodal
max max

mass point i in the n*? mode

These inertia forces are calculated for each of the system
natural modes, and applied as static forces in the same manner as
the weight or equivalent thermal forces, to find internal forces
in each mode. Total system response is then obtained by combining
the individual modal response values in accordance with regulatory
guide 1.92, The effects of higher modes (Frequency >33 Hz) is
automatically considered by applying static loads in proportion to
the non-participating mass times the zero period acceleration. The
combined seismic response of the three spatial component of the
earthquake is obtained by taking the squarleoot-of-the-sum-ot-the-
squares of the corresponding maximum response value due to the three
components calculated independently (Regulatory Guide 1.92).

6.1.3 Piping Stress Analysis _
The modeling of the various piping problems using the

NUPIPE computer code was conducted in a manner consistent with
the data available from the piping isometiric drawings, the
support detail drawings, and the NES design analyses. Care was
taken to accurately model the mass and stiffness characteristics
of the various systems. Particular care was taken to properly
model the mass eccentricities associated with the operators of
motor operated, air operated, and hand operated valves as well

as smaller eccentricities associated with other non- axisymmetric
valves. '

The formula used to evaluate the primary secondary stress
intensity levels and fatigue analysis for Class 1 piping systems
is taken from Subsection NB-3600, Section III, ASME Boiler and
pressure Vessel Code. These formulas are given below.
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Pressure Design Check
The minimum rquired pipe wall thickness (tm) is computed from

where:
P = Internal design pressure
D°= Qutside diameter of pipe
Sm= Maximum allowable stress in material at the
design temperature
y = 0.4

Primary Stress Intensity Check
The primary stress intensity is computed from and limited by

the following: ;!
PD, D,
By —og + Bs -7 Mi = 1.SSm ------------- (Eqn.9)
where:

Bl' B, = Primary stress indices for the specific piping
component being investigated.

t = Nominal wall thickness of piping component
I = Moment of inertia
Mi = Resultant moment loading from loads caused by

(1) weight, (2) earthquake, and (3) other
mechanical loads (one-half the range, excluding
anchor movement effects).

P, Doy Sy = as in Egqn.1

Primary Plus Secondary Stress Intensity Range Check

The primary plus secondary stress intensity range is computed
from and limited by the following:

e




aTy

Eab

)
1
+ [%1133) Fa AY;]O CaE.b |a.f - abfbls 3S.-(Eqn.10)

Secondary stress indices for the specific
piping component being investigated.

Range of operating pressure

Range of moment loading resulting from thermal
expansion, anchor movements from any cause,
seismic effects, and other mechanical loads.
Poison ratio = 0.3

This term is omitted in the summer, 1979
revision of the ASME Code. Version 1.5 of
NUPIPE reflects this change.

Modules of elasticity (E) times the mean
coefficient of thermal expansion (@) by
Range of absolute value (without regard to
sign) of the temperature difference between
the temperature of the outside surface (T,)
and the temperature of the inside surface (T;)
of the piping component, assuming moment-
gererating equivalent linear temperatur
distribution.

Average modulus of elasticity of the two parts
of the gross discontinuity.

Mean coefficient of expansion on side "a" of a
gross discontinuity such as a branch-to-

run, flange-to-pipe, or socket-fitting-to-pipe
gross discontinuity.

Range of average temperature minus the room
temperature on side "a" of a gross discontinuity.
Mean coefficient of expansion on side "b" of

a gross discontinuity.

Range of average temperature minus the room
temperature on side "b" of a gross discontinuity.

» Owls
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Do. t, I = As above.

Peak Stress Intensity Range
In peak stress intensity range is calculated, for later use
in the fatigue evaluation, as follows:

P D 0
00 0 1
55 = K16 ('ft“) * KL, (ZT) Mt Iy "3“']”1|

SCUNCARIRAT I Ea[aT,b-(Eqn. 11)

where:
Ky K2. KJ. = Local stress indices for the specific
piping component being investigated.
ATz = Range of abpsolute value (without regard

to sign) for that portion of the nonlinear
thermal gradient through the wall thickneai
not included in 4T, of (Eqn.10)

Elastic-Plastic Discontinuity Analysis

Where the primary plus secondary stress'intensity range, calculated
by equation (10), does not fall within the elastic range (3Sm),

the following formula (simplified elastic-plastic discontinuity
analyeis) are evaluated.

where:
Se = Expansion stress
Cp = Secondary stress index for specific piping component
being investigated.
M; = Range of moment loading resulting from thermal expan-
sion and anchor movements.
Limit of primary plus secondary membrane, plus bending stress

6-8



intensity, excluding thermal expansion stresses:

PO DM
. (‘%i%) *6 ('%11> g M |aaTy = @pTy| 5 35,----=-(Eqn.13)

where:

Cqs» C2 = Secondary stress indices for the specific

component under investigation.
C% = Stress index value for the specific component

under investigation.

Both equation (12) and equation (13) must be satisfied before
equation (14) is used.

Fatigue Evaluation -
Fatigue criteria are satisfied by limiting the usage factor. The

uasage factor is defined as the ratio of the number of system
cycles between two load conditions to the number of cycles allowable
for the alternating stress range between these conditions. This
ratio is identified as U = n,/N, in subaricle NB3222.4 of the

ASME , section III code. The number of cycles allowatbtle is taken
from a curve provided in appendix I of the ASME Code and which

ie contained in NUPIPE, The alterrating stress is calculated from:

S """"""""""" ( n.l“)
Salt *© iKe P -
where:
Salt = Alternating stress intensity
Ke = Factor used to compensate for reduction in cycle

life in plastic cycling.
= 1,0 for Sn ® 38,

= —
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7. _RESULTS OF ANALYSIS

The detail results of geismic and stress analysis of LACBWR High
Pressure Core Spray Suction Piping systems are ccntained in
Reference 16.

Appendix A contain the NUPIPE input data such as pipe mass and
section properties,vipe supports stiffnesses, concentrated weights,
digitized seismic «pectra, and seismic anchor movements. Appendix B
contain the support reaction loads due to various lcad cases and
accelerationsdue to seismic load.

7.1 HPCS SUCTION LINE 1

The modal analysis of HPCS Suction Line 1 indicates 13 natural
frequencies of vibration exist below the rigid response frequency ¢
of 38 Hy. These are shown in Table 7-1 together with the modal
participating mass fractions for each mode. The fundamental frequency
of 3.12 Hz represents the x-direction horizontal displacement at

node 8. The most important mode in terms of mass participation is mode
3 (8.32 Hz) which represents the x-direction horizontal displacement
¢f HPCS Suction Line 1 at Node 25. The maximum deflection due to the
SSE seismic inertia loading is 1.08 inches at Node 8. For a flexible
piping svstem this deflection is acceptable. The maximum seismic
acceleration is 1.44 G at Node 8.

Figure 7-1 through 7-2 represents Class 1 piping stress analysis
results together with the Code allowable stress values for HPCS

Suc tien Line 1. The maximum primary stress intensity of 11.37 ksi,
resulting from Service Level D load combination which included SSE
Seismic event occurs at Node 1 (HPCS Suction Line 1/over head

storage tank inter face) is considerahly smaller than the Code allo-
wable stress intensity of 48.0 ksi. The maximum primary plus secondary
stress intensity of 36.19ksi due to Service Level D load combination
which included SSE Seismic event occurs at Node 18 is smaller than

7-1




the Code allowable stress intensity oI 60 ksi. The maximum allowable
number of stress cycles based on the maximum alternating stress
intensity of 18.52 ksi at Node 18 and Figure 1-9.2 of ASME Code
Section III Appendices, is in excess of 10° cycles.

The above analysis indicates that the HPCS Suction Line 1 is adequate
to sustain the sffects of the SSE seismic event. The evaluation of the
piping support is included in section 7.3.

7.2 HPCS SUCTION LINE 2

The pertinent natural frequencies, of the lower 20 modes of vibration
of the HPCS Suction Line 2 together with the modal paticipating mass
fractions for each mode are given in Table 7-2. The fundamental fre-
quency of 3.26 Hz represents the x-direction horizontal displacement
a: Nodes 55,56. The most important mode in terms of mass participation
is mode 4 (8.59 Hz) which represents the horizontal displacement o#
HPCS Suction Line 2 at Node 46, The effects of nigher modes (>2§.4 Hz)
is adequately accounted for in the NUPIPE program by applying static
loads in proportion to the non-participating mass times the zero
period acce -ration. The maximum deflection due to the SSE seismic
inertia loading is 0.67 inches in horizontal x-direction at Node 55.
For a flexible piping system this deflection is acceptable. The maxi-

mum combined SSE seismic acceleration is 1.63 G at Node 64, Therefore
valves in the HPCS Suction Lines should be seismically qualified at

1.63 G acceleration level.

Figure 7-3 and 7-4 represents Class 1 piping stress analysis results
together with the Code allowable stress values for HPCS Suction Line 2
The maximum primary intensity of 15.33 ksi, resulting from Service
Level D load combination which included SSE seismic event cccurs at
Node 70 and is considerably smaller than the Code allowable stress
intensity of 48.0 ksi. The maximum primary plus secondary stress
intensity of 32.93 ksi due to Service Level D load combination which
included SSE seismic event occurs at Node 70 is smaller than the Code
allowable stress intensity of 60.0 ksi. The maximum allowable number
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of stress cycles based on the maximum alternating stress intensity of
37.36 ksi at Node 49 and Figure 1-9.2 of ASME Code Section III Appen-
dices is 9 x 104 cycles,

quate to sustain the effects of the SSE seismic event. The evalua-
tion of the piping support is included in Section 7.3.

7.3 PIPE SUPPORT EVALUATION

The pipe supports for HPCS Suction Lines were evaluated for the
Services Level D (faulted condition) load combination consisting of':

The above analysis indicates that the HPCS Suction Line 2 is ade-
|
|

DN + TE + SSE (inertia) + SSE (SAM) |

where:

‘.
L2 L

DW = Deadweight

TE = Thermal expansion including thermal anchor dispalcement
SSE(inertia) = Safe Shutdown Earthquake irertia loads

SSE (SAM) = SSE Seismic Anchor Movements

This combination is conservative since it conservatively assumes
that the maximum support reaction loads due to thermal expansion,
SSE inertia loads and SSE seismic anchor movements occurs simulta-
neously. The resultant support force and movement so obtained

was then compared with the similar loads used by Nuclear Energy
Services (NES) on the pipe support evaluation/design.

Where the above comparison indicated that the NES design/evaluation

réaction loads exceeded the SMA faulted condition loads, no further
evaluation of the support was conducted noting that safety margin

™)



greater than 1.0 must exist by definition. Conversely, for those sup-
porte for which the SMA reaction loads exceeded the NES reaction loads,
the support design was verified either by comparing the available

margin of safety to the increase in the loads or by detail structural
calculations.

The evaluation of the HPCS Suction Line 1 and 2 pipe supports indicated
that the supports are adequate to sustain the effects of the SSE event.

{
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TABLE 7-1

HPCS SUCTION LINE 1
MODAL FREQUENCIES AND MODAL MASS FRACTION
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TABLE 7-2

HPCS SUCTION LINE 2
MODAL FREQUENCIES AND MODAL MASS FRACTION
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8, CONCLUSIONS

The results of the seismic and stress analysis of the HPCS
Suction Lines 1 and 2 and their support system indicates the
following:

1. Deflections in the piping systems due to dead weight, and
the specified SSE seismic loads are nominal and acceptable.

The fundamental frequencies of vibration of the flexible
piping systems are reasonable.

The maximum primary and primary plus secondary stress in-

tensities resulting from appropriate load combinations are
within the ASME Code allowable stress intensity values for
Class 1 components. =1

The piping support system are adequate to withstand the

normal and abnormal loads including the effects of SSE.

The acceptance criteria for the HPCS Suction piping and their
support system are consistent with licensing criteria as spe-
cified in the ASME Code, current NRC Regulatory Guides and the
Standard Review Plan. Therefore, it has been concluded that the
HPCS Suction piping and support system meet the intent of the
current licensing criteria.
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1. SUMMARY

-

This report, prepared for Dairyland Power Cooperative is
being issued as an addendum to the original report. "Seismic
and Stress Anavsis of the High Pressure Core Spray Suction Line
Piping System" for LACEWR, SMA-CT Report 30001,01R00 August
1984, The purpose of this addendum is to account for discrepan-
cies discovered by NRC resident inspector between the
"as-built" configuration and the analytical model of the HPCS
line, and to modify and correct the results previously provided
in the original report. On the basis of a combination of %oth
quantitative and qualitative assessments, it has been found that
the margin of safetv of the as-built HPCS line, although reduced
from that previouslv reported for the original model, is still
adequate. ‘

2. DISCREPACNCIES * .

1. Dimensional errors exist between node 41 and 44. The shutoff
valve between nodes 43 and 210 is actually a check valve.

2. A 3 inch "Y" type strainer and hand valve with pressure
gace was not included in the computer model between node
points 82 and 83.

3., The relief valve line from the pump discharge to suction
line was not in included in the analysis.

Figures1 and 2 shows the discrepancies. Their effects are discussed
in section 3.

* Reference I-1 :+ DPC Letters, G. Lange to I. Husain
LAC-10278 and 10308 dated October 22, 1984
and November 13, 1984 respectively
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HPCS SUCTICON LINE 1 LACBWA

SECTICh PRIPERTIES

CLI510E PP T S SR 7 v VYTV S—— 'Y ¥ ¥ —
NSECT DIAMETER  THICKKESS VCIGHT  COLD » 140C=6 PAZ S SURE
T T _ABET Ril Fre
1 6629 «2600 33424 26,00000 100400
. 4a800 42370 17,64 2800000 300400
3 34500 2160 A1.66 26,30060 100400

Rl -

W INCERTPATED WLIGHKTS
e

BB T A T R 117, A— wulE wLlGnT Mol —wE g
Ld
L6 L8 L8

2 S«000 27 26.500 S50 26,500

— ————— e —— —— ———

CAATHOUAKE AY4CHCIR DISFLACEMENT®

| ———— P
TRENSLATICNAL
SET tis N OE . Y 2
N ™ IN
i 1 «41500 C.00000 0.00000
1 14 «22600 G.00000 0.00000
™ TE SITEUTTTTTTTTTRUUU0TT T ULUOTU0
1 19 «0et00 0,00000 0.00000
‘ 1 0.,00000 « 052380 0.00000
v 7 ma 4 TIUUUOT T TS USIEUT T T USUuuorTT
: 7 0.00000 «05380 c.00000C
N 1 0.00000 0.00000 «60C00
B i & 1) 444 A S £ 14 L SRR T T AL S
M 16 n.00000 f«00000 «2%500
3 19 0« 00000 N.00000 «12700




MACS SUCTICN LINE 1 LACBWR

SIaTIC RESTRALLT TABLE

T—W———L&‘&————“W‘“W e S IRECTION — SURFRA T
epappe: - S— TRANS L3/IN CRCLP
RCT IN=LB/RAD

1 TRANS «S620025E+12 ] 1
e b —TRANS -~ 05623435L°12 v -1
1 TAANS  +5628435E+12 2 1
1 ant 56284350412 % 1
3 ——miT . 5626435012 Y 1
1 ot 56264350012 2 1 ik
1S TRANS  +6034312ee1l X 1 ’
1S TAANS 6034313611 — ¥ e e
15  TAAYS  +6034312Ee11 2 1
19 KIT «60343126+11 X 1
18 . RET . +60343120+11 " S— —
19 AT J6034312ee11 2 1
30  TRAAS 41446520412 x 1
30 TAANS . o1446520E+12 Y 1
SC  TRANS 41446520712 2 1
30 act 1446520912 x 1
A0 ALl . elA4ef20i¢le Y 1
3¢ ACT (18465200412 Z 1
4  TRANS  L4T40000:e06 Y 1
ol TAAMS . 413300005¢06 Y -
14  TRANS  +1100000Ee0% X 1
14  TRans e1165000e95 l 1
0GGOEe0S - IP— —
16  TRANS 1996800007 : 1
Y 1

23 TRANG «4157000E%06




SEISMIC

HPCS SUCTION LINE 1 LACKWR

RESPONSE  SFECTRA

X-tARTHUUAKE

FR_Ce
nz

<400
«6060
« 150
«E50
1.000
1.350
1.550
2«050
2.35%0
3,200
4.000
%000
£« 500
be600
700
12.000
27.000
50.00¢0
100.000
0.000
g.000
0.000
0.600
¢.000

ACCELFRATION
G)

« 050
« 150
« 300
«700
« 200
3.200
3.450
3.450
1.700
1.000
1.000
1.200
1.200
1.150
1.150
« 640
450
«470
« 350
0.000
0. 000
0. 000
G. 000
0,000

Y=LAR

FrRTQ.
{74

«400
«500

«+ 700
1.300
1.400
1.740
2300
2.400
3.130
4.300
4.9500
6.440
T«400
11.500
13.2006
15.500
17.600
20.000
24.000
32.000
I6.000
44.000
S8.600
100.000

A-3

THOU AKE

ACCELFRATION
- 46

~--«010
« 024
«050
«230
«230
« 256
250
«2%0
« 30
620
«920
«920
-840
«450
«%10
«310
«270
«2C0
- «210
«210
«200
0‘&5
« 160
°135

L2

< SET 1 INTERPOLATION oFTIONOLL)

~T=EARTHULAKE
FREG. ACCELERATION
n2 (6)
«400 «050
« 700 «150
1.000 «500
1.200 1.400
1.350 3.150
1.780 3.150
2.300 1.300
2.9500 1.150
3.000 «880
4.000 «880
Se7060 1.000
7.500 1.000
8.600 «970
9.900 «700
11.500 «650
12.500 «550
17.800 «550
23.000 «450
-24.000 «480
31.000 « %R0
100.000 «400
0.000 0.000
0.000 0.000
0.000 0.000



SECTICN PRCPERTIES

Peasmmmm———

HPCS SUCTION LINE 2 LACSWSR
R —

CUTSIDE WALL moDuLUS DESIGN
NSECT DIAFETER THICKNESS WEIGHT COLD *» 1.0E=6 PRESSURE
IN ™ LB ’FT PSI PSI
1 3500 e216€0 11.88 28.,30000 100.00
2 3.500 «2160 11.88 28.,30000 100.00
Poe— el s 2IB0 1.8 ~ 2R 30000 IUUEPU_"—'
- 3.500 «2160 11.68 28.30000 100.00
S ' 1.900 «1450 4.32 28.30000 100.00
- 1-900 ' .31 RIYTI'4 28: 30000 0000
i 1.500 «1450 4.32 28.30000 100,00
8 2+.875 02030 £.98 28. 30000 100.00
S i T T I .32 2870000 1011 ]
CONCEANTRATEC WEIGMTS
NODE WEIGHT NOGOE WEIGHT NOOE WEIGHT
s T = —TE | ) -
- 26000~ r- ) ST e—ty 20000
100 10.000 63 11.000 7: 234,000
102 50,000 76 53.000 103 13,000
——TT ré-TR'A' Al —RT — 760007 = ¥9,.000
L 3 20000 1] 50.000
101 110,000 72 214,000
104 13.000 51 53.000
— —gT, 000



STATIC RESTRAINT TABLE

- -

NODE TYPE STIFFNESS
I TRANS (B/1MN
= e = ROT TN LB /R AT
—I% — TRANS ~ L6U3&4312E+11

15 TRANS +6034312E+11
15 TRAAS «6034312E+11
19 RTT ~ +6034312£+1]
19 RCT «6034312C+11
19 RCT +6034312E+11
TR0 TRANS T EUSAIIZE+T]
40 TRANS  +6034312€11
40 TRANS  +6034312E+11
i | aemeceec ROT o6 034312T#17"
a0 RGT «6034312€+11
o ROT 60343125411

— ot TRAKS — “L30SS107E+T11

5¢C TRANS «3055107Z+11
S0 TRANS «3059107€E+11
SO T T RO T30S 9I07ES T
S0 RCT «3053107ce11
S0 RCT «3052107E+11
TT79 T T TRANS +6034312E%11
79 TRANS «6034312E+11
79 TRANS «6034312F+11
T9 7T RCTY T L6034312E411
79 RIT «6034312€+11
79 RCTY «6034312E+11
TT98 T T TRAAS T .6197887E+10
94 TRAMS «6197387€E+10
94 TRANS «61978875+10
“94 RCT «5137887E+10
Ta RZT «619786875+10
9 ROT «6197887E+10

T 98 T TRANS T T TLR1978BT7E€1C
93 TRANS «619788TE+10
93 TRANS «6197387E+10
92 ROT e61978BETE+10
9 RIT «619788TE+10
98 ROT «6197687F+10
30 TRAMAS " «2730000E+05
30 TRARS 255300050
3z TRANS «1104000E+0F
I TRANS #1167000Z+05
3¢ TRAAS «7°10000E+05
4z TRANS «7510000E5+0%
220 T TRANS T e2EB3UV00E+NS

HPCS SUCTIO

—

LINE 2 LACBWR

—— — . — " ——

DIRECTION WNODE TYPE STIFFNESS 9DIRECTIO
S ANS LB /Th
- —ROT IN“LB/RA0 o
X220 T TRANS — T ASBSU00E0S — Yy —
v ac TAANS «14830005+0¢ Y
z 52 TRANS +6173000E+06 v
1 — ST ——TRINS +S140000E%0% — Yy —
Y 25 ¢ TRANS «6150000E+04 X
2 25 ¢ TRAAS «2740000E+05 2
X 7 —TRANS sSI23000E%0% — Yy —
- 66 TRAKS «3555000E+06 Y
2 66 TRANS «40000005+04 2
x 2870 TRENS JI82T000E%07 — vV —
Y 280 TRANS «1170000E+0% b4
2 320 TRANS «1427000E+0? ‘
X 320 —TRANS" <T170000E%0S. 2
Y 17 TRANS «1427000E+ 07 Y
2 717 TRANS «117000CE+ 05 z
e a17m TRANS +3072000507 — Y -
Y a1 TRANS «7770000E+05 2
2
TEE.
Y
2
.
Y
2
SO
Y
2
e —
Y
2
. .
Y
2
. -
Y
2
e
2
X
—p-
Y
v ta
X ——
ST METTRACNNERE
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TION NE 2 LiCBWR

ZARTHGUAKE ANCHCAR DISPLACENMENTS

TRANSLATICNAL
SET NQe. “CDE X : § P
IN IN IN
1 19 «48870 0.00000 0.00000
1 30 «37400 0.00000 C.00000
T 32 30200 U. 000U U. 00000
1 40 «15200 C.00000 0.00000
1 S0 «19300 0.00000 0.00000
T 220 TeZBSUU 0L UUU00D UL UUTOD
1 250 «11200 0.00000 0.00000
2 19 0.00000 «02100 c.00000
T & T IS TR CU00TT T L 02100 T oL rouoT
. 13 0.00000 C.00000 «34050
2 30 0e000UDO 0.00000 «26100
-] 37 Ts00U00<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>