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. 2 NTRODUCTION

Seismic and stress analvsis of the High Pressure Core
Spray (HPCS) discharge 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 sy=tem.
It is designed to provide emergency cooclant spray to the reactor
core in the event that reactor water level drops accidentally.

Seismic and stress analyses of the LACBWR HPCS piping
systenr were performed and design of the additional seismic
supports were prepared by Nuclear Energy Serv'ces, Inc.

(Reference 1 and 2) using the seismic criteria and spectra
developed by Gulf United Nuclear Fuels Corporation (Reference J).
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&G under the SEP program
(Reference 4) exceed the original design spectra as indicated:

in Figures 1-1 through 1-2. 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 the results of the seismic and
stress analysis conducted to verify the adequacy of the HPCS Suction

Discharge piping and support systems. The HPCS Suction piping
analysis is presented in separate report.
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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 indusfry.
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
verification data (Reference 12). The seismic analysis has
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 acceptancec criteria are in accordance
with the design requirement of ASME Code and NRC Standard Review
Plan 3.9.3.

Patigue evaluation have been performed for the critically
stressed region of reactor vessel nozzle connection in
accordance with the ASME Code methods for Class 1 Components.
Peak thermal stress intensity resulting from the thermal
transient (initiation of HPCS flow) have been taken from the
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original ANSYS thermal element model analysis (Reference 2).
The original ANSYS thermal transient analysis represented a
significant effort and are not affected by the non-conforman-
ces. Initial NES stress calculations, using the conservative
stress intensification factors of the ASME Code for the socket
weld coupling/reactor vessel nozzlk region, resulted in an
excessive peak stress value and therefore very low number
of permissible HPCS operating cycles. The socket weld coupling/
reactor nozzle region was analyzed by means of a detailed
finite element model the ANSYS computer Code. The transient
thermal lcadings produced by the HPCS initiation were deter-
mind using the same model developed for stress analysis and
using the LION computer progran.

Section 2.0 of this report describes the description
of the piping systems. Applicable Codes, standards and speci-
fication, are given-in Section 3.0, while Section 4.0 descrides
the loading criteria. The acceptance criteria given in the
Section 5.0 are consistent with licensing criteria as specified
in ASME Code, and current NRC Regulatory Guides and the Standard
Review Plan. The analytical methods for the static, dynamic and
strees 2nalysis are given in Section 6.0. Secticn 7.0 summarizes
the results and conclusions of the analysis.

The results of the analysis indicate that the HPCS dis-
charve piping systems and their supports meet the acceptance
criteria. ASME Code Patigue evaluation indicate 3 x 105 permi-
ssible normal start-up and shutdown cycles, 5,700 permissible
HPCS operating cycles, 4000 permissible cycles for the combin-

ation of Operating Basis Earthquake (0BE) and maximum credibdble
thermal transient events and 3,300 permissible cycles for the

combination of Safe-Shutdown Earthquake (SSE) and maximum credible
thermal transient events. Therefore , it has been concluded

that the HPCS discharge piping and support system meet the intent
of current licensing criteria.
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oN P SYSTEM

The High Pressure Core Spray (HPCS) system of the LACBWR
power plant is the principal emergency core ccoling system.
It is designed 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 analyses of
the long and complex HPCS piping system, the HPCS piping system
has deen 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 piping analysis is presented
in a separate report. The subject analysis of this roport is,
therefore, the HPCS discharge line.

" The HPCS dilchné‘o 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 cone
tainment building pressures are equalized,as after a major system
leak or rupture, a low pressure supply line Lypassing the emergency
core spray pumps allows water to flow directly from the overhead
storage tank (or service water line) <o the core spray header.
The high pressure core spray pumps are also used in the bdoron
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 isclating the discharge

2-1



lines rro; the interconnecting piping systems. Figure 2-1 shows
the routing of the discharge line and the extent of suction line
and sodium penaborate lines considered in the subject analysis.

The schematic of the piping systems shown in Figure 2-1
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 infor-
mation given in the piping specification (Reference 9) and are
summarized in Aprendix A. The location of pipe support systems
and their structural stiffness charecteristics are based on in-
formations given in Reference 1, 10, & 11, and those obtained/
verified by Dairyland Power Cooperative engineers from a field
inspection dated Februaryl through 4, 1983 (Reference 12). The
support structural charactgristic are shown in Figures 2-2 through
2-4. The support stiffnesses are summarized in Appendix A.
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}. APPEICABLE 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
seismic 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, "Damping 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, FPebruary, 1976.

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

6. Allis-Chalmers, "lLa Crosse Boiling Water Reactor Safeguards
Report Volume I and II, LACEWR #283, dated August, 1967.




"

- 4, LOADING CONDITIO

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

De d Operat Pressures.

Piping design pressures are taken from the LACBWR piping
specification (Reference .9) and are 100 psig for piping between
node points 20 and 50 and 1400 ﬁaig elsewhere in the system.
Operating pressures for the HPCS discharge lines are based on the
LACBWR Safeguards Report (Reference 15). These are 100 psig upto
node points 50, 1340 psig from node 50 to the reactor vessel nozzle
and 1400 psig for the remainder of the system.

Dead Weight and Sustained Mechanical Loads.

The dead weight of the piping system is calculated con-
sidering the piping to be insulated and filled with water. Sus-
tained mechanical loads considered in the analysis includes che
weight of the valves and valve operators. The uniformly distributed
piping weights and the concentrated weight are given in Appendix A.

Thermal Loads
Th hor Movements

Thermal expansion or contraction of the reactor vessel during
start-up and shutdown results in maximum displacements of the
piping system anchor at the reactor vessel nozzle (node point 240).
Thermal anchor movements at node point 240 are summarized in App-
endix A.




Ther :+ Normal 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.

Thermal: Maximum Credible Acc'dent

The sudden introduction of cold water from the HPCS system
piping into the hot pressure vessel nozzle, due to a LOCA or other
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 across the pipe
wall and due to any material discontinuities present. These thermal
loads which are applied at node points 230 and 240 have been calcu-
lated by means of a transient thermal analysis with the LION Com-
puter Code (Appendix E) and are presented in Appendix B. These loads
are considered in conjuction with the upset plant condition.

Seismic loadings

The piping anchors.and supports are subjected to seismic
accelerations as defined by the appropriate response spectrum for
each of the two horizontal and vertical directions. The 2% dampcd.
peak-broadened Safe Shutdown Earthquake (SSE) Spectra associated
with the Containment Building at an elevation of 694.25 feet
(Reference 4) are used for the HPCS Discharge line. These spectra
shown in Figure 4-1 through 4-3 are conservative for all elovatibns
of the HPCS Discharge line. 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 freque-
ncy 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), the SSE response results are conservatively multiplied by a
factor of 0.5.
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S, LOAD. COMBINATIONS AND ACCEPTANCE CRITERIA

The requirements for load combinations and stress acceptance
criteria for a Class I piping system are giver in NRC Standard
Review Plan 3.9.3 (Reference 6) and Subsec*.on NB3600 of Section III
of the ASME Code. These requirements arc 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 mee* 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 {0
of the ASME Code must be less than 3 Sm. In the event equation I0
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 basis pipe'break
event (not specified in this analysis)

Service Level D Stress Limit

The piping system shall iec¢t a service limit not greater
than Level D when subjected tuv the appropriate combination of
loadings resulting from (1) sustained load (2) LOCA; and (3) The
Safe Shutdown Earthquake (SSE), The requirement for Service level
D is satisfied by limiting the primary stress due to applicable

service level D loadings as calculated by equation 9 of the ASME
Code to 2.48p or 0.7S,, which ever is smaller.




6.1 NUPIPE ANALYTICAL PROCEDURES
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 pecints. Stiffness charateristics of the intercomnecting
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. Figures 6-1 and 6-2 show the NUPIPE mathematical model
and computer plot of the HPCS discharge piping system.

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

KU =P - Q (he=1)
where:

= gtiffness matrix for assembled system
nodal displacement vector

= external forces, weights, etc.
*= equivalent thermal forces = fAEquL

O£ v R
E



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 Dynamic Analysis

6010201 t t M
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 + CU + KU = P (6=2)
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)

a0 =

e =
" on

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 Prequencies and Mode Shapes
The eigenvalues (natural angular frequencies w,) and

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

[" - o] {oa} = {o} (6-3)

where:
" natural frequency in nth mode
K = stiffness matrix
M = mass matrix
¢, = mode shape vector in nth-modo

O= 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.

A . 2
v“ + z‘..":u"vﬂ + ..nv" . P, (6=k)

- fS_"
e




ed (modal ) displacement coordinate

Yn = generaliz
M node (Yn = tn'n)

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

T
@ mode = ¢ F

Pn'toneralizod force for the n
Solution to these differential equations is obtained by the
method of response spectrum superposition.

6.1.2.4 Response Spectrum Superposition

Based on this method, the maximum generalized acceleration |
for each mode is given by:

_ 2\V/2
"nax '(J'Ev.z(a"" ) ) » s

where:

n max = maximum generalized coordinate acceleration
response

nj = spectral acceleration for nth mode in

in J-direction (from response spectrum
data input)

R th

nj = Mode participation factor for n~ mode in

J=direction

“n « modal mass for the nth mode = (.I m)




The maximum internal inertia forces are given by:

Fin " ’
max

in = maximum inertia force at nodal
mass point i in the n®*t 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, Pi Stress Anal s __

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 isometric 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.

b ——————




Pressure Desi Check
The minimum rquired pipe wall thickness (ty) is computed from

where:
P = Internal design pressure
D,= Outside diameter of pipe
Sp*® Maximum allowable stress in material at the
design temperature
y = 0.4

P Stre sity Check
The primary stress intensity is computed from and limited by
the following:

pDO DO
By zx TP M LSS,

where:

Bl' B, Primary stress indices for the specific piping
component being investigated.
Nominal wall thickness of piping component
Moment of inertia
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 Egn.l

P us Seconda e Inte Range Chec
The primary plus secondary stress intensity range is computed
from and limited by the following:




aTy

Eab

]
1 - -
' [;1177) Ea ATy |+ CaEp |37 = oyTy| S 35,-(Ean. 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 (@)

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 (Ty)
of the piping component, assuming moment-
generating 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.
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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:

PO 0
- 00 0 1
e ("h_) : "zcz(rr) M * Ty KafefeTy
. ) i) 1 .
K3€3Ean|aTa BT * T3 Eo |aT,f-(Ean. 11)

where:

Ky Koo Kj. = Local stress indices for the specific
piping compunent being investigated.

ATZ = Range of absolute value (without regard
to sign) for that portion of the nonlinear
thermal gradient through the wall thickness
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
analysis) 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
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intensity, excluding thermal expansion stresses:

PD O M
¢ (gt_o) . ¢, (7°11) . c;t ab |®aTa = %Yy § 38,--====(Eqn.13)

where:

Cq4s Cp = 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 coﬁditions 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 allowable is taken
from a curve provided in appendix I of the ASME Code and which

is contained in NUPIPE. The alternating stress is calculated from:

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

life in plastic cycling.
= 1.0 for Sn * 3Sp

6-9




From Overhead
Storage Tank
1%

e WPRCS to Reactor
Vessel

Lllow support

s
e

180
Lo

L=

Node Point o

Spri Hang
lﬁouc loo::.lnt

Rigid Restraint
'Mlcbor)

Valve with
Eccentricity

Sodium Pentaborate
Discharge Line

.v‘
0
we
it e
we To 167 Forces
Circulation \
\ W 1 Discharge Header
pory are
EX
< \
-l
1
" ans
s00
0 ‘-t“ test nlv.ﬁ s
S "™ Reactor Vessel et
Nozzle (3
A relief valve line L 3]
o
HPCS rump A )
4‘“.
A relief valve line
%fsh
. - HPCS Pump B
FIGURE 6-1 HPCS DISCHARGE LINE
NUPIPE MATHEMATICAL MODEL —“o k/ 4°

6-10



SEISAIC AND SIRESS SMRLYSIS OF weCS D)
NUPIPE RATHEMATICAL MODEL

Ivemtlto.

sa{ CCENDes

- SN LT

- BRSSFRINT LACHT Iam
- SPRINS MAseER
L

- A1 Serrem)

- ANCa

- LAsTe mim

. BSTATION M09l T-85i8  « & BEB.
T 8- mame TR = & =S

MiiIEPE  TRAEE B8 . |00 BRI

R 11
(L
012

6-11

FIGURE 6-2 HPCS DISCHARGE LINE
NUPIPE COMPUTER PLOT




. RESU OF ANAL

The detail results of seismic and stress analysis of LACBWR

High Pressure Core Spray Discharge piping systems are con-
tained in Reference 16.

Appendix A contain the NUPIPE input data such as pipe mass

and section properties pipe supports stiffnesses,concentrated
weights, digitized seismic spectra and seismic anchor movements.
Appendix B contain the support reaction loads due to various
load cases and acceleration due to seismic locad. The input data
and results of the ANSYS thermal transient stress analysis
taken from Reference 2 are given in Appendix C. The HPCS Dis-
charge nozzle thermal transient analysis with the LION computer
code taken from Reference 2 are given in Appendix E. Appendix D.
provide detail ASME Code calculations for the stress and fatigue
ovgluationl of the critically stressed region of HPCS Discharge
line reactor vessel nozzle connection.

7.2 HBCS DISCHARGE LINE

The pertinent natural frequencies of the lower 20 modes of
vibration of the HPCS Discharge piping system together with the
modal paticipating mass fractions for each mode are given in
Table 7-1. The fundamental frequency of 4.5 Hz represents the
X-direction horizontal displacement at Nodes360,370. The most
important mode in terms of mass participation is mode 15 (15.34
Hz) which represents the z-direction horizontal displacement

at Node 581. The effects of higher modes () 20.1 Hz) is adequately
accounted for in the NUPIPE program by applying static loads in
proportion to the non-participating mass times the zero period
acceleration. The maximum deflection due to the SSE seismic iner-
tia loading is 0.26 inches in horizontal X-direction at Node 512.
For a flexible piping system this deflection is acceptable. The



maximum combined SSE seismic acceleration is 1.46 G at Node
500. Therefore valves in the HPCS Discharge piping system should
be seismically qualified at 1.46 G acceleration level.

Figures 7-1 and 7-2 represents Class 1 piping stress analysis
results. The maximum primary stress intensity of 19.58 ksi,
resulting from Service Level D load combination which included

SSE seismic event occurs at Node 960 and is considerably smaller
than the Code allowable stress intensity of 39.36 ksi. The maxi-
mum primary plus secondary stress intensity of 58.15 ksi at Node
238 due to Service Level D load combination which conservatively
included si:v ltaneous occurrence of SSE seismic event and maximum
credible the 1al transient event is smaller than the Code allowable
stress inte:-ity of 60.0 ksi.

The peak ¢ :ress intensity at the pressure vessel HPCS Discharge
nozzle, resulting from the thermal transient and material and
structural discontinuities are taken from Reference 2 and are
presented in Appendices C and E. The peak stress intensities
were calculated by means of the detailed ANSYS finite element
analysis and are presented in Appedix C. The transient thermal
loading (Appendix E) produced by the HPCS initiations were dete-
rmined using the same basic model developed for stress analysis
and using the LION computer code. The peak thermal stress inten-
sity in various critical regions have been combined with the
NUPIPE calculated pressure, dead weight and seismic stresses,

Detailed ASME Code Class 1 stress and fatigue evaluations of the
HPCS Discharge nozzle are given in Appendix D and summarized in
Table 7-2 and 7-3. Prom Table 7-2 it can be seen that considerable
margin of safety exists between the primary stress intensity

and the Code allowable stress intensity for both Service Level B
(ineludes OBE) and Service Level D (includes SSE) load combination.
The primary plus secondary stress intensity range S,, for OBE,

SSE, thermal normal startup/shutdown and maximum credible thermal
transient (HPCS initiatlon) events occuring separately are consi-
derably smaller than the Code allowable stress intensity value.
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The primary plus secondary stress intensity range have also been
calculated by conservatively assuming that the OBE or SSE seismic
event and the maximum credible thermal transient accident event
(MCA) occur simultaneously. The maximum primary plus secondary
stress intensity range even for this conservative locad combination
is smaller than the code allowable stress intensity.

Table 7-3 presents the allowable number ui stress cycles for the
OBE, SSE, normal plant start-up/shutdown and MCA events occurring
separately as well as the unlikely combinations of seismic and
MCA events occuring simultaneously. From Table 7-3 it can be seen
that considering MCA thermal loads only, 5,700 HPCS operating
cycles are permitted. The number of permissible stress cycles for
the conservative combination of SSE seismic plus thermal loads is
3300.

The above analysis indicates that the HPCS Discharge pipe is
adequate to sustain the effects of the HPCS initiation and SSE
seismic events, The evaluation of the piping support is included
in section 7.3

7.2 PIPE SUPPORT EVALUATION
The pipe supports for HPCS Discharge piping system were evaluated

for the Service Level D (faulted condition) load combination
consisting of:

DW + TE # SSE (Inertia) + SSE (SAM)
where:
DW = Dead weight
TE = Thermal expansion including thermal anchor displacements

SSE (Inertia) = Safe Shutdown Earthquake Inertia loads
SSE (SAM) = SSE Seismic Anchor Movements

7=




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 movement occurs. simul-
taneously. The resultant support forces and moments so obtained
were then compared with the similar loads used by Nuclear Energy
Services (NES) in the pipe support evaluation/design.

Where the above comparison indicated that the NES design/evalua-
tion reaction 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 supports for which the SMA reaction loads exceeded the NES
reaction loads, the support design adequacy was verified either

by comparing the available margin of safety to thr increase in

the loads or by detail structural calculations.

The evaluation of the HPCS Discharge pipe supports indicated
that the supports are adequate to sustain the effec's of the SSE
event.
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TAELE 7-2

HPCS DISCHAGCE PIPE NOZZLE
SUMMARY OF ASME CCLE STRESS ANaLiSIS RESULTS

Components
Load Conditions Inconel Pirst J04L Second
|Safe-End Coupling| Pipe Coupling

PRIMARY STRESS (psi)
Service Level B (normal)
Condition:
Dead Weight + OBE 13,469 12,540 12,540 11, 540
Seismic Event
Allowable stress 1.5, 34,950 37.155 31,200 37,155
Service Level D(Paulted)
Condition:
Dead Weight + SSE 16,036 15,367 15,367 13, 554
Seismic ent
Allowable stress 2.4S, 56,000 42,630 42,630 42,630
or 0.7S,
sn 201
OBE Seismic Event 17,029 | 16,794 16,794 16,155
SSE Seismic Event 21,330 20,857 20,857 19,584
Thermal Normal Start-up | 23,539 23,125 23,125 22,041
and Shut-down
Maximum Credible 43,930 41,230 37,030 37,030
Thermal Transient(MCA)
OBE Seismic + Maximum 48,229 45,294 L1,004 40,455
Credible Thermal
Transient (MCA)
SSE Seismic + Maximum 2,530 L9, Ls,1 43,884
Credible Thermal el ALl sad ?
Transient (MCA)
Allowable Stress 3Sp, 69,900 76,310 | 62,400 74,310

7-6




TABLE 7-3
HPCS DISCHARGE PIPE NOZZLE

SUMMARY OF ASME CODE FATIGUE ANALYSIS

Load Conditions

Allowable Number of Stress Cycles

Inconel First 304 L Second
Safe-End | Coupling |Pipe Coupling
OBE Seismic Event 106 108 108 106
SSE Seismic Event sx 105 | 5.5 x 103] 5.5 x 10°] 6 x 105
Thermal-normal Start-up |3 x 105 | 3.2 x 105| 3.2 x 105[3.6 x 107
and Shutdown
Maximum Credible Thermal |5,700 7,500 13,000 13,000
Transient (MCA)
OBE Seismic + Maximum 4,000 5,700 9,000 10,000
Credible Thermal Transient ’
(MCA)
SSE Seismic + Maximum 3,300 4, 500 6, 500 7,000

Credible Thermal Transient
(MCA) ’
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8, CONCLUSIONS

The results of the seismic and stress analysis of the HPCS
Discharge piping and support system indicates the following:

1.

5.

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

The fundamental frequency of vibration of the flexible
piping system is reasonable.

The maximum primary and primary plus secondary stress
intensities resultingz from appropriate load combinations
including the conservative combination of Safe Shutdown
Earthquake and the initiation of HPCS system at or near _j
operating temperature are within the ASME Code allowable ’
stress intensity values for Class 1 Components.

The total number of HPCS initiations at or near plant
operating temperature is limited to 5,700 cycles.

The number of permissible stress cycles for the conser-
vative combination of SSE seismic event and the HPCS ini-
tiations is 3300.

The piping support systems are adequate to withstand the
normal and abnormal loads including the effects of SSE.

The acceptance criteria for the HPCS Discharge piping and support
system are consistent with licensing criteria as specified in

the ASME Code, current NRC Regulatory Guides and the Standard
Review Plan. Therefore, it has been concluded that the HPCS

Discharge piping and support system meet the intent of current
licensing criteria.
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5.

7.
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ADDEND!ITM I &
EVALUATION OF DISCREPANCIES

DISCOVERED RY LACBWR RESIDENT INSPECTOR BETWEEN

AS-ANALYZED AND AS-BUILT CONFIGURATIONS



1. SUMMARY

This report, prepared for Dairyland Power Cooperative, is
being issued as an addendum to the original report, "Seismic
and Stress Analysis of the High Pressure Core Spray Discharge
Line Piping System" for LACBWR. SMA-CT Report 30001.0R00
August.1984. The purpose of this addendum is to account for
discrepancies discovered by NRC resident inspector Dbetween
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
both quantitative and qualitative assessments, it has been found
that the margin of safety of the as-built HPCS 1line, although
reduced from that previously reported for the original model, is
gtill adequate. The number of permissible stross cycles are
unaffected by the discrepancies.

2. DISCREPANCIES *

1. The test valve at the top of the 1 B Pump discharge line was
not included in the analysis.

2. The hand valves and pressure gages were not included in the
analysis.

3. The relief valve line from the pump discharge to suction line
was not included in the analysis. The relief valve line need
to be seismically qualified.

Figuresl 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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NSECT QIAMETER THICKNESS WEIGHT COLD » l.0C=6 PRESSURE
In & LB /FT pel PSI
1 1.300 «200¢C 6e44 23.30000 1400.00
2 24875 «2030 EeEE 28.30000 100.00
3 15900 440 B Chi 280000 T¥00S00
- _2.875 «2760 12.05 26+ 30000 1400.00
S 2.37% eclel - 50 23,30000 1400.00
r——S s Tere 2ETI000 0 I¥ 0000 —
7 2.87% «2760 10.51 28. 30000 1400.00
8 1500 «2000 5.16 28.30000 1400.00
i S3+0070 TISTUTTT 0500 28, 00000 0L 00
CONCENTRATED NELSHTS
NO0E wEIGHT NODE \lé IGHT NCDE i LIGHT
T3 19: B
SU “¥3UTOT 11 FOL00T 43 SRULUTUUT
e . S2.000 530 316.000 580 230000
731 140,000 302 140,000 146 S1.000
TRSU S Z.UUU . %AU SE.000
581 140.000 730 230.000

I R



HPCS DISCHERGE LINE LACBWR

STATIC RESTRAINT TaBLE

NOD E TYPE STIFFNESS DOIRECTION NGOE TYPE STIFFMESS cIRZLTION
T ; TRANS LB/IN e T2AHS LB “in
e~ —===NCT IV-C3/RY0 - “ROT IN=LG/RA0U"
. ) § 321 TRENS SIS0 0000CsUW — IheoU
2¢ TAANS «7B24135E+10 Y 338 TRANS «1480000c+0% X
20 TRANS «7824135E+10 Z 343 TRANS «1550000E+0a Y
ra) ST e TS2%ISSESIT X IST  TRANS S ISZ0000E*0s Y
20 RCT «76264135E+10 Y 38¢ TRANS +8€00000E~0S Y
20 ROTY «TB241357+10 2 4643 TRANS «2080000E+0S Y
4_._31————rwrws————7sugy1v1rrrr-—-—r—-——-‘tt!-———TrTws—'—‘TaS?ﬂﬂtVt*ﬁS“"‘z—‘—’
sC TRANS «30591075+11 Y 511 TRANS «1144000Z+06 Y
50 TRAANS «3059107c+11 2 $TS TRAMNS «6200000Z+04 Y
[ i gty ~ACT ™ —30S9I0T=FIT 7 ~99CT TREKS — 5900000 0% Y
50 Aol «3059107€E*11 Y 66 < TRAAS «1707000E+06 Y
50 CcT «30551C7=Z+11 b4 580 TRANS «1120000Z+06 X
~ 260 "TRANS ™™ ~S1T73SB&ZT*IT -————— A TF NS 1 ¥S3UTCOTETT ;
260 TRAWS «17358425+11 Y seo TARANS «3430000=+04 2
260 TRANS «1735842E+11 Z 730 TRANS «1564T00E+07 X
i < | RUT TTTSSER IS I T v 73T “TRENS SSENNOUTEYUT T
260 ROT «1735842E+11 Y 730 TRAKS «2927000E+07 2
.26 ¢C RSY e17358425+11 Z 14% TRANS «35350000E+05 Y
—gE U T TREAKS S TEZ¥ISIEFIT X “1§€ - TRENS S SESUU00TSUS X
56 C TRAWKS «TB24135E+10 Y 146 TRAAS «2036000E+CH Y
56 C TRAAS «TH24135E+10 Z 186 TRAAS «20360005+04 Z
="~ AT “SMITTNIVIV x Tty R<1 el 378000 X
60 RCT .T75241355+10 Y 186 RCT «1£635360c+05 Y
560 RGCT e14241235F+10 Z 14& ACT «1695960£+05 7
CgTT T TRALS T S SERNEARIEFIT X
970 TRANS «3648469C+11 s |
970 TRANS «JRAB 46911 Z
JTC" TRV —5SERS¥EYTHFIT X
97¢C <01 +35848469E+11 Y
97¢C 0T e 3848469E-11 Z
— ¥ T TRENS T T TR TeIWISSEYIT X
240 TRANS «T824135E+10 Y
240 TRANS «7624135E+10 2
260~ <~ CRCT— S TE2WIITESINT X -
240 RCT «7824135E+10 Y
24¢C Y eTE24135F«10 Z
‘950""—TFINS“"'7732tr35rvr0“_’1r'—"‘
980 TRAKLS «T624135E+1C Y
9s0 TRANS e TE24135C+10 2
. . o il ° 3 i — TS24 T3STSIOC T ¥
35¢C AlT J75241355+10 \
58 C RCY eT7524135%+10 2
'1N3-__”TFtKS“_—TTTUUUVUEVFT"'""_ - ’::!I!L
i AP [PRT————
& v



——..Q@0°*0_____000°0_ _____ __ ______0%I® __ __000°001I
0000 000°0 ost* 000*0%
0000 goo*o ooz* 000°9¢

s s, TIPUE « Wt min A ek o i 0Zee. . _0po°2t
000°0 000°0 oce* 000°%2
000°0 000°0 noz* poo*t¢e

USRS | SSRGS | . L e 692 . __000°*sL
062" 000°09 oog* 009°S1
oog* 000°0% 00e* 009°*¢cl
SLg* —pooces ovee, ...gas*1t
17 R 000°*e2 00G* oGt ot
0s¢* 00o0°02 009* 002Z*e

PR | | L SR | L ... . PORTY
009°* sos Lt 009°* 00S*L
019° 00S°*9 006° ove*9

NS | . BN . 006° . _006°"
0Is* o00°*¢ 099* ovE*S
0¢9* oo8*2 co9* oLY*y

iy oeL®  _00®*2 ooe* __ _ 00S°S
006° oog*2 oIg* goz*t
gog*t 000°*2 0s2* ooe*e
st s I B it I B o it oot St _BER°T
VR LR | gog*t 0se* 0031
00e"* oLttt Gee* 0391

RS | CASNREES: | L4 SSRGS L
oge* oeL* oot* ogL*
oot* 099° Geo* 099°

Q%0 _____@ESs°* . stoe . _____02¢°
620° o%e"” 600° 1
c2o* oGge " [po* oSt
i (9 ZH (J) ZH
CNOILYNITNIJIY ___*DIM4 000 NOILVNITIIJDIVY . *"D3¥4d
INVNODHLYY I-2 INYNA2HLNYI=-A

CITINGILL0 NOTLVTIO4M3IINT T 135S

ROV 3917 JO8VHISIO SIdM

ey

000°0 000°0
000 °0 000°0
000 *0 0000
000 *o 000°0
000 *0 000°0
000°0 000°9
08e” 000°001
oos* 000°09
ots 00L*1E
08g* 000°82
08¢ * 00%*81
one* 006°G1
009° 002°St
059 °* 00L°9
059° 006°9
099 * _00§°*9
084° 005"
009° 000°%s
0€9° __ _ _091°¢g
000°1 0052
000°2 0Lo*2
0002 _  0SE°T
000 *1 0Tt 1
029 000°1
_003°* _ __ gie°
0s2* ose*
oot* 059°
__090° _ __ 01&*
gzo° ocw®
Lio* 06e*
t9 M

NOTL¥¥332I¥Y *D344

IAVNDH LYV I-X

¥¥4id3ds

IJSNOdS 3 ¥

JTHSICS



EARTHCUAKE ANCHCR DISPLACEMENTS.
m

HPCS D ISCHARGE LINE LACBWA

————

TRANSLATIONAL
SET NGQe. MOOE X Y 4
IN N I

1 20 «29920 0.00000 0.00000

1 S0 «29920 0.00000 0.00000

o 2850 TeeI920 0L 00TCOoT U-00TOT

1 321 e 16620 0.00000 0.00000

< 20 0.00000 «02%~00 0.0G000 -

r3 P T 0000 s 02800 T UL UUuITTT—

< 260 0.00000 «02800 0.00000

2 321 0.00000 «01560 0.00000

- 20 000000 000000 TRIvES

3 50 0.00000 0.00000 «35650

3 260 0.00000 0.00000 «35650

S 32T 000000 000000 e19%20 —
[ASRYMAL ANCRER DISPLACIMENTS

TRANSLATIONAL
MODE NOODE x Y
In ih iN
2 240 ~«11200 126000 «15970
A Ln
e SRR



APPENDIX B

LACBWR HPCS DISCHARGE LINE
PIPING ANALYSIS NUPIPE ANLYSIS RESULTS



HPCS D ISCHARGE LIME LACHWR

SUPPORT-REACTIONS FOR  LUAD CASE-NO, — 1

NEIGMT AND O TA D CHANICAL LOADS
N A RCACT ION— QI RECT I ON—20 0L~ s RCACTION_DIRECTIoY
(L8S OR IN-8S) ' L83 Of IN8T)
g RORCE o - COORD I TPURCE™ - TTINCLINCD™
2% Fomcet 1. Y coomro 348 FORCE “2a X COORD
28  romcet 2. 2 COORD 348 rorce -5, Y cooko
—— 2 RC MNP IS ~CO00RO—359——FORCE 14Ty —C OORD—
20 MOMENT 0. Y COORD 388  romcg : 161, Y coorp
20 nOmENT -0, 2 cooRrp 468 Fomrct 0. Y Coord
A REE— 123 E-COORD——e 48 ——FORCE 3% " TOORY™
S8 romce ", Y COORD S11  FoRrce 114, Y coomd
S8 roRrct “14e 2 COORD S7TS  FORCE ‘e Y COORD
—— MO RE WP $20% —CO0RO~——29¢——pORCL . ) TCOORD™
S8 MOMENT -357, Y COORD 662 rFonrct 24, Y coord
S8 MOMENTY 179, Z Coomd s8s romce 1. + X CGORD
ey p e PORCE— 14w T-CO0RY™ ~—Sgr——PORCE “187% TCUORD™
268  poRcr 657, Y COORD S88 . FORCE 16e Z coono
268  FORCE 11e Z CooRD. 738 FORCE Té = < coorp
RO REN T v CORD—P3¢——PORCT “Ts Y-cooRo™
2688  MOMENT 212, Y CooRp 738 roacet - =lbe Z cooro
268  NOMENTY 3343, .1 GUURD ., 143 rFoRCE 13 ¥ COORD
st & PO RC L ——— X COOROT T FoRCL " . e ee——
%et  romce 3% Y cooro 1% Jomct 6 « COORA.
Y68 FORCT le. Z COORD. 146 roRcCE [ 0 T coom?
AR RONER P e ] Y P COORD™ TG NONCN P YT ———t OO A"
968  NORENT 11. Y COORD .. 146 RONCRTY 3. Y coora
968.  MOMENT -3, 1 coorp 14  RONENT 8. Z Coomd
—— PO RCT -y ——COORT
¥7. Foact Sl. ¥ CooRD
¢ FORCT’ 23. Z coomp.
—— P YO NN B Py g COORT—
978 RORENT s28. Y coorp
978  MOMENT 604, Z coomp
oo Po#Ce g 2—COORD—
2%¢. roact s, Y cooms
204 FERCT “2e 2 ccore
TR —RERENT— 1197y =CooRe— =
29¢  RORENT ~106. ; glﬂ“
296 NCataT -1239. oorp
98— ACE- 2 - COORY— -
958 reoscr 122. ¥ Coorn
938 FORCT S 2°COORD:
-9%¢ —moNTRT — o —x-cooRs—
938, mCRENT -2%. Y COORD
958 RORCNT 1162, 2 coomp
Ay ——PORCL— wr— Y=rooRy

B-1

B



HPC3 D 13CHARGE LINE LACHW®

SUPPORT AEACTIONS FOR LOAD CASE NG 2

"‘l!lé EXPANS ION NMORRMAL ”(llY!IC CDg!Y!“

N0 P 1Y P L REACTI1OW— DIRLCTIQN_NOTE™ TYe e REACTION ™ DIRECTION™
L85 O8 IN=83) ) ——— ¢ s
—p—F ORCE oy - COORD™32TFORCT T TeCLINGD™
4] FORCE L Y COORD 3« FORCE 0. ¥ COORD
EL ] FORCE e 1 COoORD pLY ) FORCE 8. Y CooRD
— PO ALK T - g——— =G OO R3 55— PO (e LD - COORD—
n ROMENT “0e Y Coord L L) FORCE -0 Y CooRD
n BOMENT . 1 Coomp “hb FORCE 8. Y COORD
—y——t-O R EE— -4 v COOR O og—PURCE L] Z-CoorRp—
30 FORCE =13. Y COORD s11 FORCE -8 Y CooRD
e FORCE 38. Z coord TS FORCE -8 ¥ Co0RD
i) R ] Prear] TP g— = C QO R O3S P F ORCL" L] T=COORD—
3 NORENT 73. Y coorp (Y= Foacet e Y COORD
£} RORENTY 8. 1 CoORD s FORCE 0. X Coomd
— P ORCE - 237 COORD~9gt—PORCT L r—coorp—
268 FORCE 32. Y COORD. 380 FORCE -8 1 COORD
260 Forck “26e 1 COORD 75 Force [ K COORD
—t e RONE BT —rh Pyt OOR T3 TORCE LEd YcooRy™
260 ROMENT 8. Y CoorD.. T8 FORCE -0 i Coorp
268 RORENRT 236, 1 ePor0 148 FoRce 18, Y Coord
“Se——PORCE" . gy = COORDTY PORCE 1S T-COORD™
¥ Fonrct LT Y Coomrd 186 FORCE =62 Y COORD.
fé0  romcL 8 Z Coomrp 146 Foace 16 1 coomrD
et MONENT- 3 L g 00RO T M RONINT 285 TCOORD™
A2 RORENT e Y CooRd 1% RONENTY 7. Y COORD
v68 ROMENT L ) 1 cCoomrp 1% RONENT 98 1. COORD
—re rorceE | 4 r=CoORD" -
" FORCE, -8 Y Coord
" ronce -8 Z COORD
PP QU PR P s @ ol e— = COORY
™ RORENT -0 Y CooRd
™" nOMENT e I coord
— P ORC L el o ~CooORD— - -
L] ) FORCE 32. Y CooRrD
140 Fomce «20. 1 COORD
— 2P ~AONENT 3 8 Yy € QOR Q—
248 MOMENT “11240 Y coomd
249 MOMENT “1794. z CooRD :
'”- *..* N e e —-‘.'. ——.—cm.— — — - , o ———— . —— —
"’ '.lﬁg 8o Y COORD
% .FoRCL _ L 1 Coord
—g - ~RONEN § g C OOR D
% ROAFNY L™ v rAnen

iR



HPCS D ISCHAKGE LINE LacBWR.
EPVSRRR

SUPPORT REACTIONS FOR LUAD CASE NO. 3

<ONSInLO RCSULT FOR MOOELS 1 THROUGH 20
BY AAS SUMRATION FOR SPECTRUN I

‘PLUS-RISID B00Y PSLUDO-RCOLS™

NOOL  TYPL RCACTIONS olaccTION
(L83 OR IN-483) ~ - NeoL TYPL REACTIONS giREcTion
:—-——‘ BSTOR—IN-LE
2e  roace 3. X cooRo S =
28 romct 3. v CCORO 34  FORCE 13. Y cooro
—20—roRCE- 2+ 2-COORO——333——FURTT 3% r-TooRe™
20 mONCNT 2. X COORD 388  FORCE e Y CooRd
28 WOmENT 1. Y COORD 468  FORCE 2s. Y COORD
——29——WONEN T . 2- COORO™ ~vea——FORCE 97 COORD—
se  romct 186, X COORD 811 PORCE 144, Y coorp
se  romct 112 Y COORD  STS  FORCE . Y COORO
——s0—PORCE 21 Tr————COORE~——399——P ORCE I T-cooRo—
38 WOMENT 1360 X COORD 462  FORCE 152+ Y coono
58 mOWENT 3ile Y COORD  Sa#  PORCE 3. 3 COORD
———se——nOnENT v 2 COORD™—3gT——PORCT TIeT——T"TOORD™
268 Fomce 19, X COORD  Sa8  PORCE . 2 coomp
268 FORCE 199. Yy COORD 738  FORCE 223. X Coomd
- TE® ~PORCL— —] 9T COORTTIe—PORCE"

268 NONENT 1643, X COORD 738  FORCE 252. z cood
268 MORENT 2090, Y COORD 14  FORCT 32w Y coorp
260 —WONEW T 319ev . RS —-1ee —POWCE s T-CO0RT—
%es  FORCL 3. X COORD 148  FORCE 16 Y coomp
%48 romcr 135 Y CODRD 146  FORCE S6. 2 coomo
—yer- —PORCT T = CYURD-Tey~ —WONCNT 01T T-COORD—
960 NORENT 31384 X COORD 146  MOWENT AT, Y CooRo
968 WORENT 2. Y COORD 146 MOWENT 2. - 2 coons
—yer —mORERT 1849w z-cooRD— = . : ?

M rFoRce 109, X coomo
I roRct [T Y cookd
—re——rover— e 2-cooRe— ———
978 mORENT 536 X coomg
978 MONENT 2402, Y CooRro
—9re—mORENT —109%v T-cooR0—
240 " FORCE 3. X COORD
248 FORCL ar. Y coono :
294 MOMENT 37, x Coomp
248 MOWENT 6. Y CooRD
= SO RO TR ——2-COO0RD™ T s
958 roRcer X COORD ,
938 romce. it Y COORD
99 -PoRceT - — —CORY = ¢ —— = -
950 mROWENT . X coomg
958 RONENT 3e1. Y Coord
“y30- —wonCRT 26195 - cooro—
(348 Fomct aa. Y COORD
321 romcr. 2. IwELINED
“3e ronce . R coORO.

B-3 %



e *°

N °3CHerG. Linv% LECLU'.

OPCRATING BASIS CAATHQUAKE (GBE) Xo Y, AND I SCISMIC ANCHOR POVENENT

For SSE Loading Multiply these values by 2.0

= SR EPps e v s REACTIONS QIRECTION "mopg—— TYPL— = REACTIONS ™ OIRECTION"
(LBS OR IN-LBS) (LES OR IN-L8S) —
— 20— FORCE 0. X—COORD— 34 ——F ORCL" 3% r-CoORD™
20 romce [ Y CGORD 388 FoRceE Se Y CoORD
20 rFomrce [ Z coomo 383  romcE 3. Y COORD
— =20 MOMINT— 0. = COORD—46 8~ FIMCL ® 3 r-cooRg—
20  MOMENT 0. Y Coono %8 rFomce . 1 coomp
20  mOMCNT 0. Z Cooro S11  Fomrce le Y COGRD
- =80 FORCE— 2¢ - COORD~ —97?3——pPuRCe "% Y COORD™
S0 roRrce Se Y coorp $9¢ FomcE 1. Y Coomo
S8 FonrceE 13. Z COORD 2 ronrct 8. Y coomp
S NONE T 4 Py——————x=CO0RD ° T FORCT 1% T-COORD *
S8 MOmMENTY “g. Y Coomrd s80 romct le Y coomp
S0 MOMENT 0. Z COORD see ronrce Te Z coomp
~20 % -FORCE— 195 I-COORD - - “TIU- —FORCE 10% T COORD ~
268 orce 3%. Y COORD. 138 roncr Se Y COORD
260 FoRCE 27. Z coomp 738 FORCE 16e Z COORD
~ 26— MONENT— By COCRY"  ~T¥T ~ POURCET re g ———Y-CtOoURD" -
260  MOMENWT Jaa, Y CoorD 146 Fonrce 3. X COORp.
268 momENY 1316. Z COORD. 146 FORCE 11e . Y coomp
‘& PORCE- v ——a-CooRD" -i1Yw —Foncte L T Toomy
%0 rFORCEL 1. cooro 146 ROMENT Y. X coomo
748 PORCCT ie £ COORD i*es  nmORMENT . Y .goorg
T NONENP— v —CooRy" TVE “WORENT" -~ et ik
960 MOMENT 2. Y Coomro
9680  MOMENT 3a, Z coorp
474 PORCE —— Y- ———COORD
79 Forcr 2. Y cooro
T8 roacet 14. 1 coomrp
IV RONE NP g Py — — P-COORD
978 MOMENTY 208, Y coomo
9T MONENT 3. 1 coomo
- 208 PORCE— v 2-COORD
240  ronct 2. Y CooRe
240 rFoORCE 2. 1 coorp
Q¥ P—RONENT -~ - —Sgy = COORD"
290 ROMENT 11% Y CooRrD
200 MOMENTY 6T, Z coorp
95 ~FORCE— S -COoORD"
%8 ronct le Y COORD
934, romce 1. T cooro”
PYP— ~RONENT Yy *-COORY
958 MOMENT 14, Y CooRrd
950  MOMENT 100, Z Coono
M= -PORCE— —— — Iy ————YCOORD
321 FoRCE 32. INCLING
348 romct 3. X rooan
B-4




HPCS DISCHARGE LINE LACBMR
—— —— .

ETSTEY ACCELERATION FOR LOAD CASE WO 3 -~ POINT——~ X=DIRCCTVION ~— ——- y=DIRECYION ~— 1-DIRECTICN
- . »0. (11] " 13}
RA (SAFL SHUTD
22 A% SUARATION FOR SPECTAUR 1 a2 B.642 8.048 0.25%
seel Bebe2 .160 0.325
Pt RISI0 SO0V -PSCUDO-RODLE —3IP——— §.648 B P = ——— e W
L TTL) .642 0.1%4 0.2%4
*gInY A-DIRECTION Y-0IRCCTION 1-DIREC TION ALl 8.642 0.072 0.146
—ute 16) . "y - "y —449 (N1t s 0.038 i 11 5
! " S.602 s.01% 0.042
e 8.6402 0.024 .00
—20 s.000 S.08 900% 0.602 8.381 0.229
2n . 000 0.000 a9 8.642 0.798 8.472
" .00 s.000 S0t .62 .99 0.657
— 0. 00 8~ — 0080 S0 .k 1:019 s.024
Al s.000 s.000 s10 8.641 8. 709 .08
LT [N 11] a.000 81 0.020 8.018 0.803
— 98 e (73 L} e —812 8.92 s.011 0.003y —
s2 s.002 13 1.931 .07 : 0.02%
e s.003 s2e 8.018 8.304
— g e G SO — —83%0- B3 Nyr— ————— 23—
1] f.002 sed 0.074 s.068
s 8.008 8548 8.014 s.000
P ey e ™ i . . s (Al s s i . (Nlle s:000
2% s.000 8.001 433 0.630 .03 8.249
260 s.000 S.000 N .54 0.157 8.249
c=glgr e e - - e —— T —388 05039 L 2L L) - e
208 s.000, 8.048 569 8.422 e.100 8.249
281 8.000. 5.076. S 8.411 0.177 0.249
2% 8.117 0.320 sy 0.314 0.078 8.250
332 .11 0.51) s 8.311 S.060 0.2%0
—30% 8590 —hnyr— - 298 ss02? 0.250 —
306 0.45%8 0.433 L1l 0.20% [ N 1} 0.2%0
318 0.608 8.534 ses f.271 8.026 9.250
128 0.624 - 8.573 —an sL238 5017 0.2%0
321 0.593 S.601 sl e.020 s.001 0.718
150 0.511 s.082 s.600 598 s.208 S.116 .250
— M — A G PR G— R I 898 13U 1 2230
308 8.916 s.022 N1 590 8.142 s.200 0.2%0
) 34 .04 8.109 .Y (11} S.129 .23 .25
— e G QA P - = ey P P = I = e —— 0248 85229
353 8.577 8.003 .7 3113 8.074 0.258 0.226
360 8.662 0.263 8.717 618 8.039 0.241 s.180
— 30— - =hiedr—r — —wr— eIt it~ — —8i - = Ssbb s Gty — 0
i 8.581 B.666 0.716 (3 1) s.000 4.080 s.038
380 - s.642 ) 8.552 " 8.873 (31 s.000 0.026 e.010
PP g A 0.248 = -—533—— 970 BB 000 — .000
s 8642 f.010 f.244 .gt.! 8.534 0,043 8.03%
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POINT T R=DIRLCTON " Y=DIRCCTION —

P HAR NE LACBWR

T-0MMECTYION “POINYTTTTT X DIRCCTYION T I1-DIRECTION
NO. (11 (1 1] 73] NO. 6 6 1)
(%1} f.272 s.027 8.03% 23 8.030 .00 .02
(Y1} 8.360 .00 .05 2% .02 s.029 S.010
T AT B30 L1} ) 8080 —eP— s.00r 8.003 s.0072
(1% ) .30 S.004 S.040 23 .00 o.000 .00
66 0.24) .09 s.138 248 .00 s.008 s.000
e 1% L rtil] sy fi12y " A S.b0r 8.037 0139
& .15 078 als 8.641 0.036 119
Y1) 8. 044 .01 alé B.441 ...li f.119
“88Y 503y L1101 ol . f.602 v.027 8132
T3 s.001 b0 a0 8.643 8.034 0.147
™ 8.4%0 0.552 418 2,431 0.043 f.152
= PGP r—————— v 900 et 3 ¥ 5 .59 LY Lk .18
30 .09 ., Bab02 418 .59 8.043 8.150
168 .25 S-004 4l 8.958 8.043 l-_l.’
TTTINS LY Arzily ————TTT -—9%0 L il L) L3 L1 LR LR
12 8.004 .08 .001 als s.412 .000 8.143
s S.028 s.011 s.081 438 S.208 .00 -—.?l!‘
T Ty T—— —T 0T -y {138 ) L 71 L1 e .0y
" 0.493 S.112 Ba081. 443 S.110 .o.... .07
" .50, 8.128 .09%% A 8.038 .040: . .040
e | a ¥ s 13 | 1 s - e TN ntly e L1 L] e 029
108 .90 e.108% S.708 433 s.000 8,614 e.007
118 o.::o o.:ut 8.803 50 s.008 0.400 . ___g.uo =
r—sur—-— e 053] T RIS T - . s
”l s.11 He10)
it S.110 .o“.
. ‘"“' D 93
144 0.672 077 S.470
143 s.608 f.004 [ B LF
148 —8:989g— e T "I
i 8.338 8.218 0.524
147 .53 f.408 .50 = =
g e shiten: “oSRNRPTE . S et TR 01
150 B.4T7H 8.751 .74
Juld 8.34) .17 .417
e . andeo 1 %1 ) = 180~ - — e 4 - £
180 'o”'_ 0.734 8541
188 1_.0'.: 0.693. #.813 2 e
—”.‘ —— ." B -—-m. - - —“”‘-—— — o — SR
an .23 f.630 B.434
21 .ol! 8.630 B.000 . SR
n T—eTTY TR B sy -
’r ."t. 0,871 ‘o”".
23t 8.40%; L....
232 ¥ 1 ”
233 .ol’. .311 8.138%
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APPENDIX C
(From Reference 2)

LACBWR HPCS DISCHARGE NOZZLE WELD ANSYS ANALYSIS INPUT DATA

TABLE C-1 Element Properties

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

ANSYS MODEL ELEMENT PROPERTIES .
HPCS DISCHARGE SOCKET WELO

=3

ELEMENT TEMPERATURE, °F
NUMBERS MATERIAL PROPERTY 70 , 100 , 200 , 300 . 400 _ 500
1-31 Elastic ulus —— 27 .0 ——
33-41 _ E, 10° Psi
L3-48 et o~
50-55 “ o Design Stress Intentity 20.0 20.0 20.0 20.0 18.7 17.4
57-59 w &3 Spe ksl
64-77 o . A
86-88 g BB Mean Coeff. Of Thermal 9.11 9.16 9.3% 9.47 9.59 9.70
93-95 : = Expansion, a, 10°° OF ~
100- 102 - "
105-110 Poisson's Ratio — 0.30 B
v
6 — -
52‘8~ 8 E. 107 Psi
89-91 @ 0
96-98 - Sme ksl r— 0§ -
‘03 g @ -6 © -1
11-146 S » a, 10°°, °F 7.13 7.20 7.0 7.5 7.70 7.8
v —————— 0.30 -
42, 49, 56 £, 1078 psi —~—————0.10 P
6e-63 i -6 0c-1
78-81 {3 a, 10 F —~~—————0.10 -
85, 92, 99, 104 a
v . (.30 P
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FIGURE £ 2
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TABLE 7.2

RESULTS OF ANSYS STPESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION

Stress, ksi_
Time, Seconds

ELEMENT NO. O 0.25 0.50 0.75 1.0 2.0 3.0 W) 5.0 €.0 7.0 B.0 5.0 10,0 15.0

[ 0.2 &1 12,3 209 23.9 26.1 21.2 16.7 13.1 10.2 B0 6.0 S5 k1 2.5
4 0.6 7.0 8.5 3.4 28.6 47.2 436 394 350 32.3 298 27,0 256 2.0 190
7 2.0 8.8 20.1 335 40.9 S1.7 49.2 A7.k 454 43.9 41,9 40.3 39.7 38.0 33.2
12 1.2 1.4 19.7 3W.8 A3.0 58.5 57.6 550 52.2 49.6 A47.5 AS.B 441 W2.4 37.0
4 1.5 2.5 5.7 10.3 1h6 16.2 150 12.3 11.& 10.8 104 0.6 10.3 10.3 8.8
16 5.2 &) 8.1 16,3 38.0 K18 A46.1- k6,0 49.6 4B.3 K9.6 A7.4 449 W41 3.9
20 1.0 2.1 5.0 9.6 15.7 28.7 354 A0 422 WS WAL W24 W96 A1 WD
24 1.6 1.9 &0 7.7 12.7 241 29:1 33.0 37.3 36.6 Ko.2 3B.8 36.6 43.9 36.8
31 2.6 1.6 3.6 7.4 12,5 je.d 12 1900 242 27.3 304 323 33.5 3.7 349
33 k.2 N2 5.7 10.1 16.3 32.9 M6 52.9 56.6 60.8 61.7 643 65.7 63.4 61.4
39 0.6 8.7 21.5 36.6 A&6.3 63.1 _65.1 65.0 64.3 63.1 62.2 61.3 60.2 58.7 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 7.4 70.2 6h.5
47 20 1.6 3.2 7.5 1.6 28.1 37.0 43.1 488 51.9 545 559 56.8 57.0 54.8
53 3.1 1.0 22.5 36.2 k6.2 60.2 63.7 66.3 6.6 7.9 67.8 67.7 67.1 66.2 61.2
54 3.9 3.8 5.6 9.5 13.7 27.2 350 410 46.5 49.6 52,2 53.6 ShS SLE 2.7
64 7.7 13.4 22.5 34.6 A6.) 63.3 66.3 67.5 67.0 66.0 65.2 63.9 62.7 61.4 56.1
65 6.9 68 8.2 1.2 17.4 386 HR0.1 A3.5 MAB A5.2 45.0 WA.B W42 437 W0.9

7 0.4 15.1 245 348 5.7 63.2 65.6 67.6 67.3 66.4 656 644 63.3 62.1 57.1



RESULTS OF ANSYS STRESS ANALYSiS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION

TABLE 7.2 (continued)

Stress, ksl

Time, Seconds

ELEMENT NO.

0 0.25 ©0.50 0.75 1.0 2.0 3.0 &Ko &S0 &0 7.0 8.0 9.0 10.0 15.0
72 8.8 7.3 9.5 12.9 17.5 27.3 40.9 4k.3 k5.7 h6.1 46.0 4S5.9 AS.h k&9  42.4
82 22.3 28.2 38.7 515 60.5 747 77.6 79.1 79.9 B80.3 B0.2 79.8 79.0 8.3 73.2
83 21.2 20.8 23.4 25.0 31.5 415 46.1 55.2 SB.8 GI.5 63.8 OhB 65.6 65.8 63.6
89 19.9 26.0 39.4 Sh.3 65.5 BA.M 86.6 9.3 92.5 934 935 935 92.9 92.4 875
90 18.0 17.2 21.5 24.3 32.6 A6.h 52.8 63.6 68.1 71.5 4.1 75.1 76.6 77.1 75.3
96 13.4 19.2 31.9 45.6 S6.0 73.6 76.4- 79.9 B8i1.0 B82.1 82.0 82.3 82.0 81.9 8.4
97 1.8 3.8 13.6 16.4 211 33.8B 4.5 6.4 50.0 52.6 S4.5 55.9 56.7 57.6 57.0
100 16.8 17.9 18.2 19.7 22.1 29.2 30k 40.9 443 47.0 48.8 50.3 51.2 Si1.&4 50.8
103 14.3  S1.1 13.7. 143 16.9 25.3 29.2 33.9 36.8 37.9 39.3 40.7 &1.5 42.1 42.3
105 19,6 23.8 21.9 24.5 29.9 A1 59.1 67.5 73.7 78.5 B1.3 83,6 B43 854 79.4
i 8.6 11.7 16.2 22.0 28.9 38.9 .45.9 47.6 49.6 51.5 SI.4 52.3 52.4 52.8 51.1
12 6.6 7.0 9.9 15.1 19.8 35.1 45.2 47.6 50.9 3.3 k.4 S5.4 55.4 5.7 Sh.0
113 17.8 20.8 19.9 22.5 26.4 37.2 S50.7 57.2 63.6 67.6 71.9 73.3 4.0 4.7 72.2
M7 7.0 7.0 9.0 108 7.1 16.9 2.5 23.0 25.8 2/.1 28.8 27.7 8.4 29.4 29.8
118 19.6 23.2 2V.9 2h.2 244 347 k2.6 AH7.1 50.8B Sk} 559 S56.7 57.5 58.4 58.)
122 17.% 16.7 20.8 23.9 32.7 38.2 A7.2 S51.6 55.8 60.9 62.7 65.3 66.7 68.9 68.8
123 21.2 25.1 23.) 25.0 27.0 33.8 40.8 A4A.3 4B.1 50.8 51.7 53.4 53.7 53.8 5k.0
127 205 23.8 2.6 22.7 22.8 28.0 3.k 343 359 38.2 39.0 403 40.8 AI.E 420



TABLE 7.2 (continued)

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION
Stress, ksl
A - i Time, Seconds
ELEMENT NO. 0 0.25 ©0.50 ©0.75 1.0 20 3.0 &0 50 60 J.0 B0 9.0 10.0 15.0

130 15.7 18.8 16,0 16.3 16.5 17.3 8.1 19.4 20.' 21.6 2i1.6 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 33.5 345 354 356 36.0 36.5 36.6

133 h.6 3.9 6.0 7.3 8.0 12.7 16.F 16.8 17.1 16.5 17.9 20.3 20.5 20.6 2.5
134 12,4 11,6 147 16.9 16.9 26.9 35.0 39.1 37.5 h6.0 Ak.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 W4.B 38.7 40.8 43.6 45.1
136 9.2 9.8 10.9 12.6 4.1 20.6 21.9 ; 23.6 28.3 28.3 310 28,8 29.4 28.3 30.9
137 6.3 8.1 7.2 8.1 9.2 13.3 16.9 18.1 3.0 23.8 30.6 21.9 22.3 23.3 22.)
138 2.7 3.1 3.9 5.0 6.4 9.9 13.4 148 14, 17.7 1.9 19.3 20.1 22.3 20.8

6 31.6

140 6.8 8.4 8.3 9.6 12.3 17.0 20.2 21.0 20, 21.5 21.5 21.0 204 20.7 9.

~

5

139 7.8 7.4 9.0 10.6 13.6 18.8 242 250 26.0 28.9 28,6 30.&% 30.9 3I.
7
5

14 5.3 3.3 7.0 8.1 10.3  15.5 19.8 2)1.2 24, 2h.3 26.7 26.0 "26.2 26.0 26.0



APPENDIX D

ASME CODE CALCULATIONS AT HPCS DISCHARGE NCZZLE
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APPENDIX D

ASME CODE FATIGUE EVALUATION OF
HPCS DISCHARGE PIPE NOZZLE

ASME Code fatigue evaluations have been performed for the follo-
wing four components at the HPCS discharge nozzle. (1) Inconel
safe-end, (2) first socket weld coupling, (3) 304L pipe and

(4) second socket weld coupling.

The fatigue analysis has been performed by using the results of
the SMA-CT analysis for the dead weight, thermal expansion, and
seismic loading and the ANSYS thermal transient analysis performed
by NES (Reference ) for maximum credible thermal accident event,

From SMA-CT computer output binder SMA-CT/DPC #2 (Reference 16),
internal moments and bending stresses due to various load conditions
are summarized below:

Internal Moments (lbs.in)

M Resultant
z moment

Load Conditicn|Node No.

=
o

236
237
238

984 .0 1295.0
1149.0 1576.3
1212.0 1683.

Dead Weight

-
- O
@\I\J

r wn\o

Thermal 236
Expansgion 237
238

1645.0
1745.0
1781.0

WA s
O\ -3

Safe Shutdown |236
Earthquake 237
(SSE) 238

649.0
731.0
761.0 1410.0

Lo nEFEe
o le OO0 o o N o) 000

AR

o
(NY

Seismic Anchor|236
Movement (SSE) | 237
238

111.0 217.1
126.0 261.0
131.0 277.2

~J
o
o

Operating Basif236 281.0 . 324.0 563.8

Earthquake 237 339.0 o 365.0 666.5
(OBE) 238 360.0 380.0 705.0

s6. 108.5
63. 131.0
66. 138.5

Seismic Anchor|236 21.0 9:.
Movement (OBE) |237 31.0 110.0
238 35.0 l 117.

* Node Nos. 236,237, and 238 represents second socket weld coupling ,
JO4Lpipe/first coupling and Inconel safe-end respectively.

D-1




Stress Intensification Factors (SIF) aree
B, C1 K1 Bz | C2 K2 C3 C3 K3
Pipe 0.5 1.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0

Socket weld [0.75 2.0 3.0 1.5] 2.1 2.0 1.8 1.0 3.0

Girth weld 0.5 1.1 1.2 1.0 1.0 1.8 1.0 0.5 1.7

Conservatively use SIFY wvalues of Socket weld for each of the
four components.

The ANSYS thermal transient analysis performed by NES (Reference 2)
are given in Appendix E . The ANSYS thermal transient analysis
provided the peak thermal stress intensity which included the
combined effects of secondary thermal discontinuity, linear temp-
erature gradient, and nhon-linear temperature gradient. The peak
thermal stress intensity obtained from the NES report for each of
the four component is shown in Figurep-i1 and summarized below.

Inconel Safe-End - 93.5 Ksi at Element 89
First Coupling - 85.4 ‘Ksi at Element 105
304 L pipe - 72.8 Ksi at Element 46

72.8 Ksi (Conservatively use
same as for Element 46)

Second Coupling

Since secondary thermal stress components of equation (10)
are not evaluated separately in the ANSYS thermal transient
analysis, they will be corservatively estimated from the peax
thermal stress components which are evaluated by ANSYS and equa-
tion (11). The maximum peak thermal stress intensity due to
structural and material discontinuity and linear and non-linear
temparature gradient from equation 11, NB 3653.2 is

7T+:;3 KyES IAT‘I % K3c351b‘ aaTaa ~ °bTbl +

o
= ta|aT,|

For socket weld fitting, stress indices KI' K2 and K3 are

Ky = 3.03 Ky, = 2,03 K3 = 3.0

1
And conservatively:

|
ta | ATy + CaE l aaTy = apT = 1/3x peak thermal
2(T=v) ] l g e . stress intensity

p-2 Sha

AR RS



The secondary thermal stress components of equation (10) for
each of the four components are summarized below. -

Inconel Safe-End - 2135 = 31.2 Kei
First Coupling - 8;.4 = 28.5 Ksi
Second Coupling - 72,8 = 24,3 Ksi

Membrane stress due to design pressure of 1340 psi is

P_D;O_ = -
2t egge - eesom

The allowable design stress intensity value Sm, for the 304 L pipe
and the coupling have been determined by prorating the ASME Code
Sk vaiggs by the ratio of the actual yield strength given in the
mater certification to.the ASME Code yield stre values.
Since no material certification for the Inconel Safe-End is
available, the value of Sm has been obtained from Appendix I,
Tabtle I- 1.2 of the 1980 ASME Appendices, The value of Sy and

Su (ultimate tensile stress) are summarized below:

Sn (Ksi)

Component Material Room Temperature g::&sgfromgcrdture Sy (Ksi)

Inconel  ASTM SB166- 23.3 23.3 80.0
Safe-End 63 - '

304 L Pipe SA312/304L 16.7 x 2:0_ 21.97 15.8 x 32:8 < 20.8 6Q.9

Coupling 304L 16.7 x 22 15.8 x 2 .
P %2 - 26.19 222 = .77 60.9
ASME CLASS I CALCULATIONS

Prinnry‘ltroll intensity is computed from and limited by the
following:

By 2+ 820 i - 1. (9)
2t . il ! e ®m for Service Level B Conditione=-=-(9

4§2.b8m 5;0.7Su. for Service Level D Condition

D-3
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Where:

By+ B, = Primary stress indices for the specific piping
component being investigated.

t = Nominal wall thickness of piping component
I = Moment of inertia
"1 = Resultant moment loading from loads cauced by

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

P =Internal design pressure
Do =Qutside diameter of pipe
Sm =Maximum allowable stress in material at the
design temperature
Su = Ultimate tensile stress in material at the
design temperature
Service Level B ( Normal) condition ( OBE Seismic Event):

Inconel Safe-End:

L0B6+1711)

Primary Stress = 0.75 + 1.5 (
<» 1.5S5p = 1.5 x 23,300=34,950psi

First Coupling:

0.75 x 6365 + 1.5 (3826+1618)
12,940 psi { 1.5 x 24770 = 37,155 psi

Primary stress

304 L Pipe:

Primary stress = 0.75 x 6365 + 1.5 (3143 +1368)
= 12,940 psi '< 1.5 x 20800 = 31,200 psi

Second Coupling:

Primary stress = 0.75 x 6365 + 1.5(3143 + 1368)
: . = 11,540 psi '( 1.5 x 24770 = 37,155 psi

Service Lev F t 0 Q SE Se c eve '

Inconel Safe-End:

Primary stress = 0,75 x 6365 + 1.5 (LOB6 + 3422)
= 16,036 psi { 2.4Spm = 2.4 x 23300 = 55,920 psi
{0.7Sy = 0.7 x 80,000 =56,000 psi

“ Sta
v e — ———
M ——;
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Pirst Coupling:
5 (3826 + 3236)

Primary stres”® 0.75 x 6365 + 4.
= 15,367 psi < 2.4 x 24770 =59,448 psi
<0.7 x 60,900 2,630 psi

304 L Pipe:
Primary stress

0.75 x 6365 v 1.5 (3826 + 32 6)
15,367 psi <<zt; x 20800 = 49,920 psi
0.7 x

60900 = 42,630 psi

Second Coupling:

Primary stress = 0.75 X 6365 + 1.& (3143 + 2737)
= 13,594 < 2.6 x 2477 = 59,448 psi
< 0.7 x 60,900= 42,630 psi

Therefore the ASME Code requirements for primary stress intensity
(equation 9) are satisfied. -

Plus S Str te < B

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

Pa0o . ¢, D2
sﬂ - C‘ _g:’-# szl M + (‘0)
i "
= ary| + C3Eap |0aT apTs| <35m
wWhere:

Cqv Cos Cqy * Secondary stress indices for the gpecific
piping component being investigated.

Po = Range of operating pressure conservatively
use design pressure.

My = Range of moment loading resulting from thermal
expansion, anchor movements from any cause,
geismic effects, and otres mechanical loads.

OBE Seismic Event:
Inconel Safe-End:

Sp, = 2.0x 6365 + 2.1 (1711 * 336) + 0
= 17,029 psi { 3Sp =3I X 23300 = 69,900 psi

D=5
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First Coupling:

Sn = 2.0 x £365 + (1618_ +317) +0
= 16,79 psi ( 24770 = 74,310 psi

304 L Pipe:

= 3865 + 2 (1618 + 317) + O
= 16 794 psi . x 20800 = 62,400 psi

Second Coupling:

Shn = 2.0 x 636 + 2.1 (1368 +263) + 0
= 16,155 psi <3 x 24770 = 74,310 psi

SSE Seismic Event:

Inconel Safe-End:

Sp = 2.0 x 6365 % 2.1 (3422 + 673) + 0
~ 21,330 psi < 9,900 psi

First Coupling:

S, = 2 x 6365 + 2. 3236 +634) + 0
= 20,857 psi 310 psi

304 L Pipe:

S. = 2 x 6365 +2.1 (3236 + 634) + 0
" = 20,857 psi (62 Boo psi

Second Coupling:

Sn, = 2 x 6365 + 2.1 (2737 + 527) =+ 0
= 19, psi < 2“.310 psi

Thermal: Normal Start-up and Shutdown
Inconel Safe-End:

Sp *= 2x 6365 + 2.1 (5147) + 0
= 23,539 psi (69 900 psi

First Coupling:

Sp = 2 x 6365 + 2.1 (k950) + O
= 23, 125 psi (74,310 psi

304 L Pipe:

S0 38205 23687088 pel

D-6
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Second Coupling:

Sp = 265+21(M3b)+o
= 22. 1 psi 74,310 psi

Maximum Credible Thermal Transient Event (MCA)
Inconel Safe-End

Sn = 2 x 6365 + 31200
= 43,930 psi {69,900 psi

First Coupling:

S, = 2 x 6365 <+ 28,500
= 41,230 psi < 74,310 psi

304 L Pipe:

Sp = 2 x 6365 + 24,300
" = 37,030 psi < 62,400 psi

Second Coupling:

S, = 2 x 6365 + 24,
= 37,030 psi (7 310 psi

. e
Inconel Safe~End:

S, = 2 x 6365 + 2.1 (1711 + 336) + 51200
= 48,229 psi < 69,900 psi

First Coupling:

Sp = 3365 + 2.1 (1618 + 317) +28,500
= “5. psi (7“ 310 psi

304 L Pipe:

Sp * 2x ggss + 2.1 (1618 + 317) + 24300
= 41,094 psi (62 400 psi

Second Coupling:

Sn = 2 x 6365 +2.1 (1368 + 263) + 24300
= 40,455 psi < 74,310 psi

D-7
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SSE - “ a2 = ient v

e

Inconel Safe-End:

Sp = 2 x 6365 + 2.1 (3422 + 673) + 31,200
= 52,530 psi (69,900 psi

Pirst Coupling:

Sn = 2 x 6365 + 2.1 (3236 + 634) + 28500
= 49,357 psi (74,310 psi

304 L Pipe:

Spn = 2 x 6365 + 2.1 (3236 + 634) + 24300
= 45,157 psi (62,400 psi

Second Coupling:

S, = 2x 6365 + 2.1 (2737 +527) + 24300
" = 43,886 pei (74,310 pei’

Therefore the ASME Code requirements “or Primary plus secondary
stress intensity range (equation 10) are satisfied for all pairs
of load sets even including the unlikely pairs of seismic and
maximum credible accident thermal transient events. There is
no need to evaluate equations (12) and (13) of ASME Code.

|
PATIGUE EVALUATION

-

Peak Stregs Intensity Range

Peak stress intensity range is calculated for use in the
fatigue evaluation, as follows:

Sp = KO I922 4 Ky o Mmoo

rn'.—,y ky€a | 8Ty| ¢ KyC3tan| 3aTa - abTh| 5 gafar] ()

Where: '
Ky, K2, K3, = Local stress indices for the specific piping

component being investigated.
The alternating stress is calculated from:

Salt = ".if (14)

m 2
- s ——
W M.

Hi -




Where:

Sa1t = Alternating stress intensity

= Pactor used to compensate for reduction in cycle
life in plastic cycling.
= 1.0 for S, € 3Sp

0 Se ent:

Inconel Safe-End:

= 3 x 2 x 6365 + 2 x 2.1 (1711 + 336) + 0
= 38190 + 8597 = 46,7867 psi

sllt = 6;&2 = 23,3% psi )
From Pigure I - 9.2 Number of stress cycles N = 108(Figure D-2)

Sp

First 9oup11ngs
Sp =3x2x 6365 + 2 x 2.1 (1618 + 317) + 0 = 46317 psi
Salt * _&%212 = 23,159 psi

From Figure I - 9.2 N = 106 cycles

JO4L Pipe: '

« 38190 + 2 x 2.1 (1618 + 317) + 0 = 46317
6

Sp
Sa1¢* 23,159 psi ; N = 10
Second Coupling:
Sp = 38190 + 2 x 2.1 (1368 + 263) = L5040 psi
Salt = 22,520 psi ; N = 108 cycles
SSE Seismic Event:
Inconel Safe-End:
S, = 138190 + 2 x 2.1 (3422 + 673) + 0 = 55,389 psi

p
Salt = 27,695 psi ; N = 5x 109 cycles

cycles

First Coupling:
Sp = 38190 + 2 x 2.1 (3236 + 634) + 0 = 54,444 psi
Sq1t ® 27,222 psi 1 N = 5.5 x 10° cycles




Second Coupling:

Sp = 38190 + 2 x 2.1 (2737 + 527) + 0 = 51,899 psi

Salt = 25949 psi ; N =6 x 107 cycles

- s - -

Inconel Safe-End

Sp = 3319 + 2 x 2.1 (5147) = 59,807 psi

Salt * 29,904 psi i N=3 x 105 cycles
First Coupling:

Sp = 38190 + 2 x 2.1 (4950) = 58,980 psi

Salt = 29,490 psi i N = 3.2 x 107 cycles
3C4 L Pipe:

Sp = 38190 + 2 x 2.1 (4950) = 58,980 psi

Salt = 29,490 psi i N = 3.2 x 107 cycles
Second Coupling:

Sp = 38190 + 2 x 2.1 (4k34) = 56813 psi

Sa1t = 28,406 psi i N = 3.6 x 107 cycles
Maximum Credible Thermal Transient Event (MCA)
Inconel Safe-End:

Sp = 38190 + 93500 = 131,690 psi

Sa1t = 65,845 pei § N = 5.7 x 107 cycles
First Coupling:

Sp = 38190 + 85400 = 12,3590

Sa1¢ * 61,795 psi 1 N = 7.5 x 107 cycles
304 L Pipe:

Sp = 38190 + 72,800 = 110,990 psi

Salt * 55,495 psi ¢ N = 1.J x 10“ cycles

D-10




Second Coup}ingn
Sp = 38190 + 72,800 = 110,990 psi
Sa1t = 55495 psi 1 N = 1.3 x 10% cycles

OBE Seismic + Maximum Credible Thermal Trangient (MCA) Events

Inconel Safe-End:
Sp = 38190 + 2 x 2.1 (1711 + 336) + 93500 = 140,287 psi
Salt = 70,144 pei ; N = 4,0 x 103 cycles

First Coupling:
Sp = 38190 + 2 x 2.1 (1618 + 317) + B%400 = 131,717 psi
Sa1¢ © 65,859 psi ; N = 5.7 x 107 cycles

304 L Pipe: '
Sp = 38190 + 2 x 2.1 (1618 + 317) + 72,800 = 119,117 psi
Salt = 59,559 psi 1 N = 9 x 107 cycles

Second Coupling:
Sp = 38190 + 2 x Z.i ( 1368" 263) + 72800 = 117,840 psi
Sa1t = 58,920 psi ; N = 104 cycles

SSE Seismic *+ Maximua Credible Thermal Transient (MCA) Events.

Inconel Safe-End: .
Sp = 38190 + 2 x 2.1 (3422 + 673) + 93500 148,889 psi
Sa1¢ = 74,445 psi ; N = 3.3 x 103 cycles

First Coupling:
Sp = 38190 + 2 x 2.1 (3236 + 634) + 85400 = 139,844 psi
Sa1t ® 69,922 psi § N = 4,5 x 107 cycles

304 L Pipe:

Sp = 38190 + 2 x 2.1 (3236 + 634) + 72800 = 127,244 psi

Sa1t = 63,622 psi 1 N = 6.5 x 107 cycles

R R
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Components
Load Conditions Inconel Pirst 3J04L Second
Safe-End Coupling| Pipe Coupling
PRIMARY STRESS (psi)
Service Level B (normal)
Condition:
Dead Weight + OBE 13,469 12,940 12,940 11, 540
Seismic ent
Allowable stress 1.5, 4,950 37.155 31,200 37,155
Service Level D(Faulted)
Conditiom:
Dead Weight + SSE 16,036 15,367 15,367 13, 5%
Seismic ent
Allowable stress 2.4S5, 56,000 k2,630 42,630 “2.§30
or O.?Su
PRIMARY PLUS SECONDAR)
STRESS INTENSITY RANG!
Sn. R8s
OBE Seismic Event 17.029 16079“ 1507¢ 160155
SSE Sejsmic Event . 21,330 20,857 20,857 19, 584
Thermal Normal Start-up | 23,539 23,125 23,125 22,041
and Shut-down
Maximum Credible 43,930 41,230 37,030 37,030
Thermal Transient(MCA) |
OBE Seismic + Maximum | 48,229 | 45,294 41,094 40,455
Credible Thermal
Transient (MCA)
SSE Seismic + Maximum 52, 530 L9,357 45,157 43,884
Credible Thermal
Transient (MCA) I
Aliowable Stress JSp 69,900 74,310 62,400 74,310
B e




Components

Load Conditions Inconel | Pirst 304 L Second
Safe-End | Coupling |Pipe Coupling

OBE Seismic Even: 106 108 108 106
SSE Seismic Event 5x 105 | 5.5x 109 5.5 x 105| 6 x 105
Thermal-normal Start-up |3 x 105 | 3.2 x 109| 3.2 x 105/3.6 x 105
and Shutdown
Maximum Credible Thermal |[5,700 7. 500 13,000 13,000
Transient (MCA)
OBE Seismic + Maximum 4,000 5,700 9,000 10,000
Credible Thermal Transient .
(MCA)
SSE Seismic + Maximum 3,300 4, 500 6, 500 7,000
?rsg%blo Thermal Transient )
M
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’ PYI1IGURE D-2

FIG. 1-9.2 DESIGN FATIGUE CURVE FOR AUSTENITIC STEELS, NICKEL-CHROMIUM-IRON
ALLOY, NICKEL-IRON-CHROMIUM ALLOY, AND NICKEL-COPPER ALLOY
FOR TEMPERATURES NOT EXCEEDING 800°F
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APPENDIX E

HPCS DISCHARGE NOZZLE THERMAL
TRANSIENT ANALYSIS WITH THE LION &4 CODE
(Prom Reference 2)
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