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1. INTRODUCTION

Seismic and stress analysis 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 syctem.

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

syster. 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 (Reference 3).
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 indus'try.
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 rgsponse spectrum modal superposition
method of dynamic analysis including a correction to account

for the effects of non-participating mass. The se.ismic 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
.

Fatigue 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

1-2
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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 nozzlh 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 loadings produced by the.HPCS initiation were deter-

mind using the same model developed for stress analysis and
using the LION computer program.

.

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 describes

the loading criteria. The acceptance criteria given in the

Section 5 0 are consistent *ith lic6nsing criteria as specified

in ASME Code, and current NRC Regulatory Guides and the Standard
Review Plan. The analytical methods for the static, dynamic an!

strece =alysis are given in Section 6.0. Section 7 0 summarizes

the results and conclusions of the analysis.

The results of the analysis indicate that the HPCS dis-

charge piping systems and their supports meet the acceptance -

criteria. ASME Code Fatigue evaluation indicate 3 x 105 permi-

saible normal start-up and shutdown cycles, 5,700 permissible
'

HPCS ope' rating cycles, 4000 permissible cycles for the combin-.
ation of Operating Basis Earthquake (OBE) and maximum credible
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.

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 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 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 piping an'alysis is presented'
in a separate report. The subject analysis of this report is,

therefore,the HPCS discharge line. ' -

.

' The HPCS discharge line consists of stainless steel pipe
line leading from the two high pressure core spray pumps to the-

core spray header inside the reactor vessel. The pumps are used

for core spray when the reactor remains pressurized, as in the

case of a small leak below the core. When the reactor and con-

tainment building pressures are equalized.as after a major system

leak or rupture, a low pressure supply line bypassing the emergency

core spray pumps allows water to flow directly from the overhead
storage tank (or service water line) to the core spray header.

The high pressure core spray pumps are also used in th's boron
injection system. Redundant control valves are provided for this

purpose in the core spray pumps suction and discharge _ lines.

Rigid anchors located at points of expected large seismic

deflections serve the. purpose of isolatinc the discharge

2-1
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lines from the interconnecting piping systems. Figure 2-1 shows

the routing of the discharge line and the extent of suction line

and codium 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 Appendix 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 February 1 through 4,1983 (Reference 12). The
support structural characteristic are shown in Figures 2-2 through

2-4. 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 Regulatory 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
. Dasign 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 #283, dated August, 1967
~

N
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- 4. LOADING CONDITION

Appendix A to the Standard Review Plan 3 9 3 and ASME

Code Subsection NB provide guidance in the selection of accepta' ale

design and service stress limits associated with various loadings

and combinations there of, resulting from plant and system opers-

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.

Design and Operating 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 psig 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 i;he

weight of the valves and valve operators. The uniformly distributed
piping weights and the concentrated weight are given in Appendix A.

*

Thermal Loads
Thermal Anchor 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.

4-1 -
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Thermal: 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.t. 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 LIDN 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% damped,
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

"

sh'own in Figure 4-1 through 4-3 are conservative for all elevations
of the HPCS Discharge line. The digitized seismic spectra are
presented in Appendix A.

Th's 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

_s
#

4-2
-



- |>I
.
*

# 5 . i i e i i . 4 i . . . , ,, , ,

,jt i i . i . i . . . . i , .
,

s t a e . . ,-, , , , , , , , j. ,

i i i i e i i , , , , , , , , ,, . ,

i 6 I i : : : i i i i i g ,

1 I I I I i ! l ; I j i | yi ,

,

I I | | 'l | | J |
'

, .

J/e m

/W 2
2 g. i , , , , , , ,

; | | i
'

j'G : ; -+- +- ; * =r i ,

i - i2 i , i a
I l I |

*
| .-

I l | I IQ.s ! l j

| |
..

,
- )/

'

/| | | 8
&

- - .
-

s# 6
= = = ,

O
g e

I k
-

-- q__
_

- ' s .. g---
- i e s x , e .
' ' ' e w , x ,

~ 9 C
' e e-

' ' ' + hLM
' ' ' i 7T K4

i I I IT\ 3 w
,

f u 3 w| u 4 a n
| \ g$ $

--,

e
-o

W oe

38m

| | '^
E$ , ,7i . i . , i

. . . . . , .
| | bI h |

3
i i m M

i C8
o

I H
%
v

e

e

g g= - . . . . . g g g g

.
W



~

.I ! ' '
4 i 8,, , ,i + + ' < 4 i i i , , . , , , , , , 3* * 6 6 i e i e e . , , , ,p , , -

I i 8 i i a e i e a t- e i
6 i i | | g g gfj g g|

I I I I I I | NI |
| | '/ ' '

') I |

*

.\ s
/ '

//s pis
Ii x . ,

* * i. . > , , , ,
I

( 0 0 t Q
t '

s\ u
i TT 8i ,

0 \\,
i .

a
v
1- >. ,/p @

-

.s.',- _ --

,

, .
.

I | :"
,

.
- -%__

% . ,~ k A *.4' i ' . . . x ,x i= 4, , , ' ' ' i i w x i e-, , , , ,, o i e x 3 m 4cn * 6 i
. 33.

1 I 1 |
I I %\ ..

E4
I | | I l | | %) .j ,. $

'
-

|

| l'
I l | f .2 $

~

,

' # 4.~
y o-

a
.,4

o
i k

3 0
i A
f

| : ;

. -' ' ' ' ' - - 50ii , , . .

! ' ' ' *
e 4. , , , , , ,

1m: . .;

gc ,
, ..,

| f C
i H
i
i *

i
*

i

t

,
, .

e
! I 8 8 2 3 3 3 ** 3*

*

a a i i i i i
~ = -

< c

h.q

1

I .

. - . - - . _ . - - -. -- - - __ _---- -____



.-a- . - * _ -h. m...m .a .__. + - . ~ - - - - _ m -.3- _

=
Ii

|

' | f* * n * ,

j Jb e * ' ' e s e|

i-
, . 3 ' ; .' 3

,-

|, , , , , o ,
-

I f | ( !| | "

l
-

I ! | | | At I

7
| /P' .

,
,

I

k
\

,

h
,

i

f,-,
;

-

6, \
1

-

,
.'. r-- -

. - . , ,

- . -. - '

m a
## g

O.
" i

-

-

% __t-

| |' N _

g

. N ~_ Q g~ -

s.a
\.s .

. . " .
,

4

~~
~< . . .:n

. . , ' N N. tow ,.
e , , N 'N * g g
f , 7% T N .co

i

i 'O y >4

'A 33 e A
' * g. no:

| 1 - 6 L

m. 4
1 . . .c.

a
* U3

w
Oto

u
o

Cr

I

l t A~| - ,

?| i w
p p *4

' ' ~ > , .
;

gMi , , ,'

i I . .
(d.

O
H
x
w

,

.

$

3.i
w

I. I.
: : - . . : : .: : .. .

- - e e . < : :-

. .

ee i

- ----..c_--, -r.-,-__,. -_ . . - - . - - . - _ , - - - - - -y--,. .---,----.,,..,.,.,,-.,7_ - - - - - - - , _ , , , _ , - - __-m,.---., ,,.-.-7,-- _ . _ , , - . , . - - _ _ , _ - , . _ , , , . , , - - ._



l

3. 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 Subsection NB3600 of Section III
of the ASME Code. These requirements arc. summarized below.

51 Design Considerations and Design Loadings.

The primary stress intensity, resulting from design

pressure shall satisfy the requirement of equation 1 of the

ASME Code.

52 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, Sm , 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. Inm

! addition the primary plus secondary stress intensity range
resulting from the combined effects of linear thermal expansion
linear thermal gradient and discontinuity, operating pressure

-
N
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thermal anchor movement calculated in accordance with equation 10
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 basis pipe' break
event (not specified in this analysis)

Service Level D Stress Limit

The piping system shall weet 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 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 2.4S or 0 7S which ever is smaller.m u

-
N
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6. PIPING ANALYSIS

|
6.L 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 for'ces, and earthquake inertia forces are applied.

at the nadal 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 a,ccount for local deformation
effects by the flexibility factors suggested in the AS.NE 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 Analysis
'

The static equation of equilibrium for the idealized

system may be written in matrix form, as follows:

KU = P - Q (6-1)

where

K = stiffness matrix for assembled system
U = nodal displacement vector

P = external forces, weights, etc.
Q = equivalent thermal forces = [AEaTdL

M
_6-1 -
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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

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:

Md + C0 + KU = F (6-2)
.

where: *

M = mass matrix for*assembl'ed system.

C = damping matrix for assembled system

U = nadal acceleration vector = 1.I(t)
0 = nodal velocity vector = 0(t)
U = nodal displacement vector

F = applied dynamic force = F(t) = MUg : tor earthquake
U = support acceleration = Y (t)g g

l

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 -
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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 Frecuencies and Mode Shapes
The eigenvalues (natural angular frequencies "n ) and

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

f$nf=fOf
(6-3)*

K-wM
n

where

th mode
'"n = natural frequency in n

^

K = stiffness matrix
M = mass matrix

th mode$n = mode shape vector in n
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
and post-multiplication of Equation 6-2 by ($] , thePre

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

2 M
Y + 2"n*n n * *n n = PY

n n

6-3 -
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where _

Y = generalized (modal ) displacement coordinate

th mode (Un = *n.I )for the n n

thAn = damping ratio for the n mode expressed as

percent of critical damping

P * gen eralized force for the nth |n mode = $ F,

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:

,

)1/2'( 2 R N | H (6-5)
.

" | j=x y,z nj nd nn
max -( j

*

where:-

maximum generalized coordinate acceleration ,n max =

response

Sa th
spectral acceleration for n mode innj =

in J-direction (from response spectrum

data input)

R th
Mode participation factor for n mode innj =

J-direction

(f ile
M thmodal mass for the n mode =n =

64
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The maximum internal inertia forces are given by:

F " "i n 'in = maximum inertia force at nadalin
max max th modemass point i in the n

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 192. 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. T'h'e
combined seismic response of the three spatial component of the
earthquake is obtained by taking the square-Soot.-of-the-sum-of-the-
squares of the corresponding maximum response value due to the three
components calculated independently (Regulatory Guide 1.92). ,

6.1 3 piping S tress 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 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.

.

6-5 M
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Pressure Design Check

The minimum rquired pipe wall thickness (tm) is computed from
.

PDo

t, = 2 ( s, + yP )'- ---------------------(Eqn.1)

where:
P = Internal design pressure

D = Outside diameter of pipeo

S = Maximum allowable stress in material at them
design temperature

y = 0.4

Primary Stress Intensity Check

The primary stress intensity is computed from and limited by ,

the following:
.

PDo Do
B +B2 Mi=15S ----------------(Eqn.9)1 4t 21 m

where

B,B2 = Primary stress indices:for the specific pipingy

component being investigated. -

t = Nominal wall thickness of piping component

I = Moment of inertia

M = Resultant moment loading from loads caused byy
(1) weight, (2) earthquake, and (3) other

mechanical loads (one-half the range, excluding

anchor movement effects).
'

P, Do, S = as in Eqn.1m

Primary Plus Secondary Stress Intensity Range Check

The primary plus secondary stress intensity range is computed

from and limited by the following:

6-6 -

-
M

1



.

_

~*~

fPD) h\
I =C * "# +CEj "I * 2(1-v) 1 3 ab "a ~ "b b 3 33 -(Eqn.10)n 1 2t m

,

_

where:
C,C,C = Secondary stress indices for the specific

1 2 3
piping component being investigated.

P = Range of operating pressureo
M = Range of moment loading resulting from thermal
i

expansion, anchor movements from any cause,

seismic effects, and other mechanical loads.

V = 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.

Es = Modules of elasticity (E) times the mean

coefficient of thermal expansion (a) <

AT = Range of absolute value (without regard tog
sign) o,f the temperature difference between
the temperature of the outside surface (T )g
and the temperature of the inside surface (T )i.

of the piping component, assuming moment-
generating equivalent linear temperatur

distribution.

E = Average modulus of elasticity of the two partsab
of the gross discontinuity.

e, = 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.

T = Range of average temperature minus the rooma
temperature on side "a" of a gross discontinuity.

"b = Mean coefficient of expansion on side "b" of

a gross discontinuity.

Tb = Range of verage temperature minus the room
temperature on side "b" of a gross discontinuity.

6-7
-
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D t. I = As above.g, ,

Peak Stress Intensity Range

In peak stress intensity range is calculated, for later use

in the fatigue evaluation, as follows:

(P D h (0 )
$p * II 2t) * K C | i*2 -v) 3 1

C M K Ea aT22

Ea|aT[-(Egn.11)*KCE3 3 ab *a a'*b b + 1-v 2

where:
K,K'K, = L cal stress indices. for the specifici 2 3

piping component being investigated,

aT = Range of absolute value (without regard
2

to sign) for that portion of the nonlinear

thermal gradient through the wall thicknese

not included in AT of (Eqn.10)y
.

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.

.

I \ S 35 ------------------------(Eqn.12)
2jYT)Ms=C i ae

where:
S = Expansion stresse

= Secondary stress index for specific piping componentC2
being investigated.

= Range of moment loading resulting from thermal expan-Mi,

| sion and anchor movements.
Limit of primary plus secondary membrane, plus bending stress

6-6
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intensity,' excluding thermal expansion stresses: ;

.

/P O i [0 M[
+ CC +C1 2t 2 21 ) ab "a a ~ "b b I 3$m------(Eqn.13)

where:

C,C2 = Secondary stress indices for the specific1

component under investigation.
= Stress index value for the specific componentC3
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 then n
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:

8 ~~~~~~~~~~~~~~~~~~~
S

*=
alt ep

where
S = Alternating stress intensityalt
K, = Factor used to compensate for reduction in cycle

life in plastic cycling.'

= 1.0 .for Sn 5
^

3Sm

6-9
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7. RESULTS OF ANALYSIS -

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 load. The input data

and results of the ANSYS thermal transient stress analysis

tak'en from Refe'rence 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

evaluations of. the critically stressed region of HPCS Discharge

line reactor vessel nozzle connection.
* *

. .

7.2 HPCS 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 54 Hz represents the
X-direction horizontal displacement at Nodes 360,370. 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

i proportion to the non-participating mass times the zero period

acceleration. The maximum deflection due to the SSE seismic iner-
tia laading is 0.26 inches in horizontal X-direction at Node 512.

For a flexible piping system this deflection is acceptable. The

.

7-1 -

_ _ _ . - _ _ _ _ _ -



_

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 kai at Node

238 due to Service Level D load combination which conservativelye -

included sir:eltaneous occurrence of SSE seismic event and maximum
credible tht5 sal transient event is smaller than the Code allowable
stress intencity of 60.0 ksi.

The peak r: tress intensity at the pressure vessel HPCS Discharge
,

nozzle,resalting 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. F' rom 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

(includes OBE) and Service Level D (includes SSE) load combination.
The primary plus secondary stress intensity range S , for OBE,n

SSE, thermal normal startup/ shutdown and maximum credible thermal
transient (HPCS initiatlon), events occuring separately are consi-
derably smalle'r than the Code allowable stress intensity value.

7-2
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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 load combination

is smaller than the code allowable stress intensity.

Table 7-3 presents the allowable number of 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 th.ermal 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 evalua' tion 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 2 SSE (Inertia) 2 SSE (SAM)

where
i

|
DW = Dead weight
TE = Thermal expansion including thermal anchor displacements
SSE (Inertia) = Safe Shutdown Earthquake Inertia loads
SSE (SAM) = SSE Seismic Anchor Movements

7-3 -



This combidation 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
werethen 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 /evaluaa
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 suppbrts indicated '

that the supports are adequate to sustain the effec ^s of the SSE
event.

.

e

D

1

|

|
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TABLE 7-2

HPCS DISCHA'GE PIPE N0ZZLE -

SUMMARY OF ASME CODE STRE3S ANALYSIS RESULTS
.

Components-

Load Conditions Inconel First 304L 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 Event
Allowable stress 1 5S 34.950 37,155 31,200 37.155m

Service Level D(Faulted)
Condition: -

Dead weight + SSE 16.036 15,367 15 367 13.594
Seismic Event
Allowable stress 2.4S 56.000 42,630 42,630 42,630

m
or 0 75 u

'

PRIMARY PLUS SECONDARY
STRESS INTENSITY RANGE ,

*
*

-

Sn (psi) -

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 15eismic + Maximum 48,229 45.294 41.094 40.455
Credible Thermal
Transient (MCA)

SSE Seismic + Maximum 52.530 49.357 45 157 43.884
| Credible Thermal

Transient (MCA)

Allowable Stress 3Sm 69,900 74,310 62,400 74.310
_

7-6 -
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TABLE 7-3
HPCS DISCHARGE PIPE N0ZZLE

SUMMARY OF ASME CODE FATIGUE ANALYSIS

.

Allowable Number of Stress Cycles

Load Conditions Inconel First 304 L Second
Safe-End Coupling Pipe Coupling

6 6 6OBE Seismic Event 10 10 10 106

5 5SSE Seismic Event 5 x 105 5 5 x 10 5 5 x 10 6 x 105
5 3 2 x 105 3 6 x 105Thermal-normal Start-up 3 x 105 3 2 x 10

and Shutdown

Maximum Credible Thermal 5.700 7 500 13 000 13 006
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

i
The 'results of the seismic and stress analysis of the HPCS ~

Discharge piping and support system indicates the following:

1. Deflections in the piping system due to dead weight, and

the specified SSE seismic loads are nominal and acceptable.

2. The fundamental frequency of vibration of the flexible

piping system is reasonable.

3 The maximum primary and primary plus secondary stress

intensities resulting from appropriate lo'ad combinations

including the conservative combination of Safe Shutdown

Earthquake and the initiation of HPCS system at or near_s
*

operating temperature are within the ASMs Code allowable
stress intensity values for Class 1 Components.

4 The total number of HPCS initiations at or near plant

operating temperature is limited to 5,700 cycles.

5 The number of permissible stress cycles for the conser-

vative combination of SSE seismic event and the HPCS ini-
tiations is 3300.

6. 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.

8-1
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ADDENDtiM I

EVALUATION OF DISCREPANCIES

DISCOVERED BY LACBWR RESIDENT INSPECTOR BETWEEN

AS-ANALYZED AND AS-BUILT CONFIGURATIONS

.
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U

1. SUMKARY_
- I

.

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
Au6tst,1984. The purpose of this addendum is to account for

betweendiscrepancies discovered by NRC resident inspector
the "as-built" configuration and the analytical model of the
HPCS line, and to modify and correct the rasults 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 line, although

reduced from that previously reported for the original model, is
etill adequate. The number of permissible stress cycles are
unaffected by the discrepancies.

.

2. DISCREPANCIES *
-

t

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.

'

The relief valve line from the pump discharge to suction line
| 3

was not included in the analysis. The relief valve line need
| to be seismically qualified.

!

! Figures 1 and 2 shows the discrepancies. Their effects are
discussed in Section 3

DPC Letters, G. Lange to I. Husain .O Reference I-1 :

LAC-10278 and 10308 dated October 22, 1984
and November 13, 1984 respectively.

-
M
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Primary Stress Intensity Check

The primary stress intensity is computed from and limited by

the following:

PD D
o g ,

5: 3 +E2 31 = 1 5S ----------------(Eqn.9)1 at 21 n

:. 2. 4( % %d.4e1 CSSOMb .
where:

31, 32 Primary stress indices for the specific piping=

% mponent being investigated.( SocE*NNT)co
Nomina'l w;alJ.Bs =h:1 so=o- s dt .Ckness of piping Component = o 133t =

Moment of inertia o . o7 7 4-I = e

.%1 Resultant moment loading from loads caused by=
1

(1) weight, (2) earthquake, and (3) other -

mechanical loads (one-half the range, excludir4

anchor movement effects).
P = Internal design pressure == \ 4 o o' o bs(

l S\s"D = Outside diameter of pipe =
o

S = Maximum allowable stress in material at thel

m
I design temperature t. . o Esc
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Primary Plus Secondary Stress Intensity Range Check

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

fP0) 6) ~*~

IS =C
+ Cf )Mg+ !a AT +CEn 1 2t g 3 ab "a ~ "b b 5 35,-(Eqn.10)

._ .. . _
,

where:

C , C) = Sec ress indices for the specificC,
21

c, = z.oj c1 m p{ eg g ing in,vestigated.
t].ng pNstire r g-N-oo *o %eP = Rto

M = Ty .nt loading resulting from thermal

inchor movements from any cause,
t lects, and other mechanical loads.

Po. tio = 0 3V =
,

This m is omitted in the summer, 1979* =

revisi.,n of the ASME Code. Version 1 5 of
NUPIPE reflects this change.

Es Modules of elasticity (E) times the mean=

coefficient of thermal expansion (a)

Range of absolute value (without regard toAT =
1

sign) o,f the temperature difference betweeri
the temperature of the outside surface (T )

g

and the temperature of the inside surface (T-)
i

,

of the piping component, assuming moment-
generating equivalent linear temperatur

distribution.

E = Average modulus of elasticity of the two partsab
of the gross discontinuity.

a, 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.

.

g
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T = Range of average temperature minus the rooma
temperature on side "a" of a gross discontinuity.

"b = Mean coefficient of expansion on side "b" of

a gross diacontinuity.

Tb = Range of ave' rage temperature minus the room
temperature on side "b" of a gross discontinuity.
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APPENDIX A

LACBWR HPCS DISCHARGE LINE PIPING ANLYSIS
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|HPCS D ISCH ARGE L ThE LACBWR

ICC 71 CN P R CPE R TIES

OuTSIDE WALL MODULUS DESIGN
NSECT DIAMETER THICKNESS WEIGHT COLO * 1.0E-6 PRESSURE

IN I;J LB/FT PSI PSI

1 1.900. .2000 6 44 23 30000 1400.00
,

2 2 875 .2030 S.86 28.30000 100.00

5 1.555 .dsss o.w, d6.5ssuu isss.uu

4 2 875 .2760 12.05 26.30000 1900.00

5 2.375 .2160 :.So 23.30000 1400.00

6 2 275 .2165 7 16 26 55555 i,ss.vu,

7 2 875 .2760 10.51 28.30000 1400.00

8 1.900 .2000 5.16 28.30000 1400.00

y 5.sss i.uuuu s.Uu go.ussss s.us
.

CONCENTRATED NEIJHTS
-

500E HEIGHT NODE WE IG HT NODE 'J E!9 H T2
-

~

Lo Le Lb

au waucuuu nu *u.uuu zou agu.uuu

520 52.000 530 36.000 580 230 000.

'
7E _1.40.00.0 302 14_0.000 146 51.000
eau mz.uou ,940 36 000
581 140 000 730 230.000

A-1 M
_
WM

_. _. _ _

__ _ _ _ _ _ _ _
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HPCS DISCH ARGE LINE Lt.C8WR ,

STA TIC RE S TRA IN T T'2LE
_ . _ . .

J

| N 00 E TYPE STIFFNESS DIRECTION N00 E TYPE S TIFFNES S .cIqEC7 Ion

T?.ANS LS'inTRANS LB/IN
nui in-tsinau.

1.-Lo,nau% vs 3,- - - -

du innma .regglast-Au' a 34 2 iRaa5 .v::u0'OTUr+us A r c. v

20 TRANS . 782 4135 E+ 10 Y 348 TRANS .1480000E+05 X

20 TRAN4 . 782 4135 E + 10 Z 348 TRANS .1550000E+04 Y

4u nse . i s4 * A as t + 1T~ A as inana .Aaguuuut+un- r

20 RCT . 7 82 4135E + 10 Y 38 5 TRANS .8 60 0 0 0 0 E+ 05 Y

| 20 ROT .7824135f+10 Z 968 TRANS .2080000E+05 Y>

' a6 inana .ausvavii+4A A sac anana .onvuuuut+us c

5C TRANS .3059107E+11 Y 511 TR ANS .1144 0 0 0 E * 0 6 - Y

50 TRAAS .3059107E+11 Z 575 TRAh5 .6 80 0 0 00 E+ 0 4 Y

e avu esana .ovuuvseE*u, r

~ 5 C-~ ~ - n 6 i T U5vivii+AA
50 RCT .3059107E+11 Y 66 2 TRAh5 .170 7 0 0 0 E+ 0 6 Y

50 RCT .3059107E+11 2 58 0 TRANS .1120000E+04, 'X

A So G TMTa .i433006Fevi 1
'-~26T ~TR A 93--' T17351542rWIT',--

260 TRA 45 .1735842E+11 Y 58 0 TRANS .3430000i+04 2

260 TRANS .1735842E+11 Z 730 TRANS .1564700E+07. y

eau - mus .iraas*4i+4A a 756 ihama .oo**sssE*us 1

260 DOT .173 58 42 E + 11 Y 730 TRANS .2927000E+07 Z

,26 C RC7 .1735642E+11 Z 14 5 TRAAS .335 0 0 00 E + 0 5 Y

vo u inana .so4,2a5E+4u A 7 46 -- T R a r.a .5aausvU..ua a

96. C TRAAS .7824135E+10 Y 14 6 TaAA5 .203 6 0 00 E+ 0 4 Y

96 C .TRANS .7824135E+10 Z~ 14 6 TRaAS .2036 0 00 E+ 0 4 Z

a 14-6-- - MT W 1-3 7 5 s i s - 0 2 a
! - -75 0 -- - - ~ R C T-- ' -~.W 2, 4 aa E 4 v

960 RCT . 7 e2 4135 E+ 10 Y 146 RCT .1635 96 0i+ 0 5 Y

960 ACT . 7 42 4135 C + 10 Z 146 RCT .169 596 0!+ 0 5 .7

--37u inar.a .a e se 457t.+ 11 A

970 TRANS .3648 469 E+11 Y

970 TRANS .3 848 469 E+ 11 Z

' 946
-- n ., i .5 s4 5 457D A 1 a

97C 40T . 384 8 4 69 E + 11 Y

97C ROT .384 84 69 E+ 11 Z

ze u inAna .soggiasc+1u, A

240 TRAh5 .7824135E+10 Y

240 TRANS .7624135E+10 Z

2 4' 0-- -"'R C i 7 782313TD IT 1

240 RGT .782 4135 E + 10 Y

240 RCT .7824135f+10 Z

950'"- InA 4S . s e 4 *i as :.+T(r af

950 TRAhS .7 62 4135 E + 1 C Y

950 TAAAS .7624135C+10 Z
- 95T----" MT'-- .7 ?241a n sTtr a

55 C RCT . 7 5 24135 E * 10 Y*

95 C RCT .7s24135C+10 2 Nk~~~'--"--
awa I R E7.a . 9 4u u u u u r.+ u a

-
A-2 w-

_ . . _ . - . . - . .
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HPCS D ISCH ARGE LINE LACBWR

CARTHCUAME ANCHCR D I'S PL A C EM EN T S .

TR ANSL ATION AL
SET NO. MODE X y z__

I 'J IN I .*

1 20 .29920 0 00000 0 00000
2 50 .29920 0.00000 0.00000
i sou .45220 u.uusuu u.uuuuu
1 321 .16620 0.00000 0 00000
2 20 0.00000 .02600 0.00000 -

4 au u.uuuuu .ueauu v.uuuuu
2 260 0.00000 .02800 0.00000

*

2 321 0.00000 .01560 0.00000
2 25 5.sssss U.ssssu .55e56
3 50 0 00000 0 00000 .35650
3 260 0.00000 0.00000 .35650 '

a asa u.vuuuv u.vuuvu .A7:4v

.

|
|

_ THEngal ANCFC:t 0:SPLACEMENTS

TR AN SL AT I0f4 A LMODE h00E X y 7

1h ile zu

2 240 .11200 1 26000 15970.

.
.

M
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APPENDIX.B
.

&

LACBWR HPCS DISCHARGE LINE

PIPING ANALYSIS NUPIPE ANLYSIS RESULTS
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, 1

| l',

! I

|

.-

'HPCS O !SCH ARGE LINE LAceka

SUPPORT-nC ACTIONS FOR t.040 CA SC-N04- 1

OC AO WCISHT AND OTHCR $UST AINCO MCCHANIC AL LO AOS

l
l

T_1Zfi,, RC AC710er---0IRCCT10 SCACT10er--0!*CCTInw- 1-

(LSS OR I W =t.B S ) QS OR IN=t.SS) l

;; PORC; -;. R-C00Re 54 . r .Ru s. *44. 4NCLINC!r"
26 FORCC 11. T C0080 348 FORCC -2. X C00RO
20 FORCC 2. 2 COORD 344 ' FORCC *S. T C0040
to---MonCNT -0 2-C 00 R O---159---FORsi 11,. 500R0"-

| 20 MonCNT 8. T COORD 385 PORCC - 161. Y COORD
28 MonCNT -4. 2 C00A0 464 FORCC 68. T C00A0j
;^ T;;;E ;. R-C00A 0968""-F0A CE -3 . s-1:00A1r-

*
|

St POACC 449. Y COORD. 511 FORCC 114. T C00A0
50 FORCC: -14.. 2 C00A0 STS FORCC 4. T C00A0
;; . Z; ? e2;. 600Ae a;; rea , 4. r 6 R1r"a se
SS MOMCNT -37. Y C00R0 662 PORCC 24. T COORD

| 50 MGMCNT 179 . Z C00R0 540 FORCC 1. * X C00A0
.60%RCR- 1 & ----X-C 00Rg=- 70Rsi ,1.. . .., ...

( 268 FORCC 657. T C00A0 3as.i POACC 16.- 2 C00A0
| 264' FORCC 11.. Z COORD. 734- FORCC 74 i COORD

*

i
e.; aens-i 5.. R-C90As is. F0ks., ieis T 11MPR1r-"
2 64 ROMCNT -212. Y C.0040 730 FORCC -16.. Z'C00R0
26e nonCNT =3343. ,,Z 04WRO'. 145 .FORCC 136J Y COORD

*--960=-PO R C E -- a s.GRe, - . , . , eette-- - ... ,w. 4.

964 FORCC. 33. . T C0040- 1,M - 10ACC 26.1 e' C00Ank
964 FOACC

..49; . a as0A9-* ......? ,.. a

1. _. 1 C00AO. 1.M .FORCC 6 - 2 COOAS
;;;- .T;..; ; s ws.,7.v..

See MOMCNT 11. Y C00AS . . 1M nonCNT 3. Y COORG,
944. NOMENT =43. Z C00A0 1M Re#CNT 28 . Z COORD
;?? 70e64 .-;., s.- .s- a -

97. PO4CC. 51. Y CDOAD.
978 FORCC" 23.. Z C00EC;

~

'

;T; CN - ;&w- ; ;e *

979 RenCNT S28. Y C0040
970 n0 MENT -684 . 2 C00A0
;n'fr. -;. ; ;^^^-

290 FatCg. 33.. T C0040
SteL PORCC/ *e .. Z COORD .

N =-stattr9--- 41 7. ; ;00Rt"- ~

296 NOACNT *196. T C00A0
29e 'asateT -1233, 2 C0040

6 ;. -;. 2-C00R9-='
gas' * FenCC:'' 122. T C00AR
ges F0 SCC ,+5., 2 C00ae.

.'.930.. . n0NESrt-
i

l *3es" ""0"C0080""
938, acataT* 29. T C00A0
933 neaChi =1162. 2 COORS -

NC. - , . , ;.;i- ..

,

!

e

O

_
WM,
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- - _ _ . _. - . _ .

:

:

:
.

-

HPC3 015CH ARGE LINE L AC66 A
i

|

SUPP0hT RE ACTIONS FOR LO40 CASC NCr-- i
--

THC RMAL CEP ANSION NORMAL OPCeaTING CONOTTTOW

'

.

l --- gWeYYPE RC ACT10er--- DIRECY1N YYo; RC ACTISF O!RCCTT9F"
(LRS OR IN-LBII (LES OR fh=LS$$

. .

a. FORsi e. . C00Re 5. FORss e. ItCL1NCF"-
20 FORCC to T COORD 340 FORCC se r C0040

to FORCC se Z C0040 344 PORCC 5. Y C0040
-20===90 RCN T -0. E-C0040---09WF04C; 8. PC00RO-

20 RORCNT -0. Y COORD 34S FORCC -Se Y C0940
20 NOMENT to Z C0040 460 FORCC. Se Y C0040

| ;; ^^;;; ;. E-C OOR;. .e. T;4C; 3. Z-COORIP--
. .50 FORCC -13e Y C0040 511 FORCC -Se Y C0040

50 FORCC 38. Z COORD 579 FORCC -Go Y CSORD'

; ;;ntN; 77. R-C00RL ;; FORC; e. se0RF--.

30 menCNT 73. Y C0040 643 PORCC to Y C00R0I

I COORD
; 50 NORCNT 34. Z C0040 500 FORCC te *

' W ;; . ea. ; 000;e - Fe;.s e. .s ....

.
266 FORCC 32 ' Y C00R02. 500 FORCC -Ge Z COORD

'

260* FORCC- =26e- Z C00RO 730 FORCC Se I C0040

i e nta? -N; . z-COOR. see is si 4. . C00EW""
. 260 NOMENT T8. Y COORD.. 7 30 FORCC -Se Z COORD

i 26C f, MONENT 236e 2-999R0 145 FORCC 18e Y COORD
Tsad eve - C00R P

i ;, 7;;;; -;. - awwRe - e,.

' 949 *FORCC 8 .* Y COORD IM' FSACE. -62 e - T C00g0..
4

2 C00RO IM- FORCC 16. Z COORD-964 FORCCi -0e '

-; i - -- a s00RO--"T40--190MC . ste. = 600RT""W -feentNf- - -

) 960 Montaf S. T C00RO 1M nonCNT 67e- Y. C0040
,

I 940 Re#CNT 0. Z C0040 14 30 MENT -94. Z.,C00R0
; ae.? ?? - i;;s- e e . *

-0. Y C0040970 FORCC3
970 FeaCC -Ge Z C0040

M. R-COOR. -
.;;; ;;0W:;;7 --

970 NORCNT -0. T C0040
970 - MOMENT Se Z C0040

~ - -
;;; ORCt===~ -;e. E-C004;

248 FORCC 31e* Y C0040 -
240 .FORCD -29. Z C0040

-340' -fteneet., 30^. ; ;0OR;

246 ROMENT, -1124. Y C0040
* 240 nonCNT! -1794. Z C0040
r-900s, ,-90Attr 5 -Og 2-C00RD-- -r- - - - -- - ' . - '"

990" FORCC to Y C0040 *
990'. .FORCC,, B d. Z C0040 _

r
'

--Se r e Ces - 9. ; C00m.

990 monFNY a. Y ennen

.

B-2 g
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. HPCS D ISCH ANGC__L_IhC _La95WR .
-

.

t
.

! SUPPORT AC ACTIONS FOR LUA0 CASE NO.* 3
i

i won 17auf at M. Y. AND 7 MPECTR A. (R AFf" MMtJTDoud E ARTHctJ AKr1
I

ventants RCsutT- POR n00cs 1 rnaeuen to
af ans sunnattom ret sPCCTRun 1

PLus-410to s00t Pstuee-nC0Cs- .. .

ROOc Tvec REACTIens 01 RECT 1on .

RCACT10n8 OIRCCTION(LSs OR 1R=LSE) meet Tv9C
eCOs-OR-t n-Ces , !

20 FORCc 3. X C0080
Se FORCE 3. Y Cc0R0 see FORCE 13 . Y C00R0

-20--P ORC; 2. 2-C00mmsy- F0m . T tv0RS-

i 20 nonCNT 3.- I C00RO 3s5 FORCE '64 T COORS

20 NOMNT 1. T C00RO 46s FORCE 28. T COORS

-to--MGMm ; 66 -Z- C00499WORw, 46. a 6 0R9".

SG FORCC 144. I C00RO S11 FORCE 144. T C0080
, 50 FORCE 112. Y C0080 STS FORCE 31. Y COORO

;; FOR6; ali. 2-C00 ;;; 7G.46 Le. . 68089 -

Se M0ntnf 134 I C0040 * 642 FORCE 152 Y CSORS

SS MGM807 311. Y COORD SSS FORCC 34. I CSSES
;; . :..;.? 6e. 2-C00 F.,.s ii,. .....

| 264 - FORCE 210.- X COORS See FORCE 60. *, 1 C00RS

tes . FORCE. 199. T C00M T3e FORCE 223 I C0088'

s T-_ .* w --POR=s da. . ss0== . 6. ..s. u
, , , . .

264 MontNT 1643. I COORS T30 FORCE. 232 ._ 1 C00RS t
264 NOMNT 2090. Y 419R8 14f . FORCE. 32 = T C0049 ' .

.seRS---tee- -neptui . ;1b. .--FT00RS N --Fvm ,.. .

964 FORCE S3.- X COORS IM FORCE' 16 . T C00RS

968 FOACE 135 Y C0080 1% . FORCE 56. I Coote
a sv0RF""--900- i; ;i e W - t-C170Rs a,,-1se . ....

968. MonENT 3134. I C0000 . IM MentN1 47. Y COORS

964 MenENT. 792. Y COORS 146 mentNT- 22. . I COORS

% -nenter9- 164e. . 61._ ..
'

.
,'-

,

971 FORCE'. 109 .- X COORS
v70 r0RCc- _so. v C00RS

. Coeme -... ..... ....

970 MenENT S36. X C00R8 '
*

970 n0Maf 2442. T COORS
*

i ;;; ;;MNT 10;;. 2-C00Re ,

240 ~ FORCE' , 31. 'I COORS

==t40=--PORC;'
27. T C00RO

*
"""

. .

240 FORCE.,

a,. -2-C00RS- *'

24e MonCIIT 737. X C00RO
244 MenCNT 964. T COORS

'-% ..: l. i 7727-== i CO _ _
-

~~~~

,
999 FORCF $9. I C0089 ,

IT. T C0080
j 998 r0RCE. .* T\ ~ -2-C90RF-"* - * -

--

1 999* N .
930 ' menENf* 2 74 . X Coons ,

954 setetNT* 341. T C00RO

'gh t ~ FORCE
'2419. 2*C00Rs"T99" N C8Pf'

44. T COORS-

32s FORCE. sa. !=CLl*50 ,

, #~'40 " FORC1; T4. I C00Rb |3'

j

I B-3
- -

WM
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e er 0*SCHs>G: L D ~. L A C L' '- *

1UPPORT RC4CTIONS FOR LOAO COM8!MATION CASC K0b*- 1R_
~ -' * *

OPER ATIfie B ASIS CARTHOU4KC 808C) Xe Ye ANO Z SCISMIC ANCHOR RO VEMEN T

For SSE Loadirut Multiply these values by 2.0

-N002 . T T PC*- -- R C ACT TONi 01RECYt or n00C- YTPs. _ RCACTTOMs OTR C CTT 0 fr-
t L g5 OR IN-LOSI (LES OR IN -L 83 )

2 9--- P O R C C 8. r-COORG 34 8--F OR s s 3. Y-COORD--28 FORCC 0. Y COORD 355 FORCC 3. Y C00R028 FORCC 0. Z COORD 38 5 FORCC 3. Y COORD
.

- 2 8-- M OME N T 0. r- C0 0R O---46 8--F OR C s
-

4. Y COMD-"28 MOMENT 0. Y COORD 46 8 F OR CC 4. Z C00RO20 M0MCNT 8. Z COORD 311 FORCC 1. Y COCR0-- --S t-- P OR C C 2 r-C0040- -S? ?---P uRCE .. 1 sv0RO---50 FORCC 5. Y C00R0 59 8 FORCC 1. T COORD :58 FORCC 13. Z COORD 64 2 FORCC 8. Y COORD
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APPENDIX C

(From Reference 2).

LACBWR HPCS DISCHARGE N0ZZLE WELD ANSYS ANALYSIS INPUT DATA

.

TABLE C-1 Element Properties
. .

.

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

ANSYS MODEL ELEMENT PROPERTIES -
:

!'. HPCS DISCMARGE SOCKET WELD ,

.
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| NUMBERS MATERIAL PROPERTY 70 100 , 200 300 , 400 . 500, m
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! 86-88 i R$ Mean Coeff. Of T 9 11 9.16 9.34 9.47 9.59 9.70
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i

0

! 100-102 U "

i 105-110 Poisson's Ratio : 0.30 x
; v

!
j 30.0.ag
; 82-84 E, 10 Psl
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i 96-98 ,2 S., ksi 4 23 3 >-
i 103 5 '" -6 0 -l '

i 111-146 a, 10 F 7.13 7 20 7.40 7 56 7.70 7.8"
o ,

! 5
j v : 0 30 >
l !

-6
! 42, 49, 56 E, 10 Psi : 0.10 t
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{ 60-63 >

| 78-81 Eg a, 10 ' *F-1 0.10 =-
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TABLE 7.2 ,'
RESULTS OF ANSYS STPESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELD REGION

i Stress. ksi
; Time, Seconds

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

1 0.2 4.1 12.3 20.9 23.9 26.1 21.2 16.7 13.1 10.2 8.0 6.0 5.5 4.1 2.5

4 0.6 7.0 18.5 31.4 28.6 47.2 43.6 39.4 35.0 32.3 29.8 27.1 25.6 24.0 ,19.1
1

- 7 2.0 8.8 20.1 33.5 40.9 51.7 49.2 47.6 45.4 43.9 43.9 40.3 39.7 38.0 33.2
!
'

12 1.2 7.4 19.7 34.8 43.0 58.5 57.6 55.0 52.2 49.6 47.5 45.8 44.1 42.4 37.0

i 14 1.5 2.5 5.7 10.3 14.6 16.2 15.0 12.3 11.4 10.8 10.4 10.6 10.3 10.3 8.8

16 4.2 4.1 8.1 16.3 38.0 4.1.8 46.1 46.0 49.6 48.3 49.6 47.4 44.9 44.1 38.9

20 1.0 2.1 5.0 9.6 15.7 28.7 35.4 41.1 42.2 44.5 44.4 47.4 49.6 47.1 47.5

! 24 1.6 1.9 4.0 7.7 12.7 24.1 29.1 33.0 37.3 36.6 40.2 38.8 36.6 43.9 36.8

31 2.6 1.6 3.6 7.4 12.5 16.1 14.2 19.1 24.2 27.3 30.4 32.3 33.5 34.7 34.9
i

'

i 33 4.2 4.2 57 10.1 16.3 32.9 44.6 52.9 56.6 60.8 61.7 64.3 65.7 63.4 61.4

39 0.6 8.7 21.5 36.6 46.3 63.'l 65.1 65.0 64.3 63.1 62.2 61.3 ~60.2 58.7 53.0
!
1 46 1.5 10.1 23.0 38.9 49.1 66.5 70.2 72.0 72.8 72,8- 72.5 72.2 71.4 70.2 64.5
i

' 6.8 57.0 54.8j 47 2.0 1.6 3.2 7.5 11.6 28.1 37.0 43.1 48.8 51.9 54.5 55.9 5

! 53 3.I 11.0 22.5 36.2 46.2 60.2 63.7 66.3 67.4 .'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 35.0 41.0 46.5 49.6 52.2 53.6 54.5 54.8 52.7

|
64 7.7 13.4 22.5 34.6 46.1 63.3 66.3 67.5 67.0 66.0 65.2 63.9 62'.7 61.4 56.1

.i .

] 65 6.9, 6.9 8.2 11.2 17 4 34.6 40.I' 43 5 44.8 45.2 45.0 44.8 44.2 43 7 40.9
! .

-

! 7: io.4 15.i 24.5 34.8 45.7, 6.3.2 65.6 67:6 67.3 66.4 65.6 64.4 63.3 62.i 57.i
.

4

.
,

__



._ . - _ - - 7 . _. - , . . - - -. - ~ - - . - . . - - . - - .

.

TABLE 7.2 (continusd),

,

-

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCKET WELo REC 10N
! Stress, ksi
l Time. Seconds
; ELEMENT No. 0 0.25 0.50 0 75 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8. 0 9.0 10.0 15.0

72 8.8 7.3 95 12.9 17.5 27.3 40.9- 44.3 45 7 46.1 46.0 45 9 45.4 44.9 42.4
1

82 22.3 28.2 38.7 51.5 60.5 74.7 77.6 79.1 79.9 80 3 80.2 79.8 79.0 78.3 7,3. 2
:

83 21.2 20.8 23.4 25 0 31.5 41.5 46.1 55.2 58.8 61.5 63.8 64.8 65.6 65.8 63.6

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

90 18.0 17.2 21.5 24.3 32.6 46.4 52.8 63.6 68.1 71.5 74.1 75.1 76.6 77.1 75.3
'

| 96 ~ 13.4 19.2 31.9 45.6 56.0 73.6 76.4 79.9 81.0 82.1 82.0 82.3 82.0 81.9 78.4
i

| 97 11.8 9.8 13.6 16.4 21.1 33.8 40.5 46.4 50.0 52.6 54.5 55.9' 56.I 57.6 57.0
I

) 100 16.8 17.9 18.2 19.7 22.1 29.2 38.4 40.9 44.3 47.0 48.8 50 3 51.2 51.4 50.8
1

103 14.3 51.1 13.7 14.3 16.9 25.3 29.2 33.9 36.8 37.9 39.3 40.7 41.5 42.1 42.3

105 19,6 23.8 21.9 24.5 29.9 44.'l 59.1 ,6f. 5 73.7 78.5 81.3 83.6 84.3 85.4 79.4
) '

i Ill. 8.6 11.7 16.2 22.0 28.9 38.9 45.9 47,.6 49 0 51.5 51.4 52.3 52.4 52.8 51.I
:

! 112 6.6 7.0 99 15.1 19.8 35.1 45.2 47.6 50.9 53.3 54.4 55.4 55.4 55.7 54.0 ;

I

j 113 17.8 20.8 19.9 22.5 26.4 37.2 50.7 57.2 63.6 67.6 71.9 73.3 74.1 74'.7 72.2
;

i 117 7.0 7.1 91 10.8 7.1 16.9 21.5 23.0 25.8- 27.1 28.8 27.7 28.4 29.4 29,8
,

i 118 19.6 23.2 21.9 24.2 24.4 34.7 42.6 47.l- 50.8 54.1 55.9 56.7 57.5 58.4 58.1

f 122 17.4 16.7 20.8 23.9 32.7 38.2 47 2 51.6 55.8 60.9 62.7 65.3 66.7 68.9 68.8

| 123 21.2 25.1 23.1 25.0 27.0 33.8 40.8 44.3 48.1 50.8 51.7 53.4 53.7 53.8 54.0
-, , .

127 20.5 23 8 21.6 22.7 22.8; 28.0 31.4 34.3 35 9 38.2 39.1 40.3 40.8 41.8 42.0

i . ,

i . ..
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TA8LE 7.2 (continued)
,

.

RESULTS OF ANSYS STRESS ANALYSIS SUMMARY OF PEAK STRESSES VS TIME IN SOCK'ET WELo REGloN
Stress, ksi,

j Time, Seconds
| ELEMENT No. o 0.25 0.50 0.75 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.o 9.0 10.0 15.o
i

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

L32 28.3 35 4 29 o 29.6_ 30.5 31.6 319 33.0 33.5 34.5 35.4 35.6 36.0 36.5 36.6
!4

.

1
| 133 4.6 3.9 6.0 7.3 8.0 12.7 16.1 16.8 17.1 16.5 17.9 20.3 20.5 20.6 20.5
)
j 134 12.4 II.6 14.7 16.9 16.9 26.9 35.0 39.1 37.5 46.0 44.7- 52.8 54.8 56.6 59.3

135 9.7 10.8 10 9 12.3 12.9 17.6 24.1 27.6 40.0 27.4 44.8 38.7 40.8 43.6 45.1
'

136 92 9.8 10.9 12.6 14.1 20.6 21.9 , 23.4 28.3 28.3 31.1 28.8 29.4 28.3 30.9
'

; 137 6.3 8.1 7.2 8.1 9.2 13.3 16.9 16.1 31.1 23.8 30.6 21.9 22.3 23.3 22.1

j 138 27 3.1 3.9 5.0 6.4 9.9 13.4 14.8 14.5 17.7 11.9 19.3 20.1 22.3 20.8
;

139 7.8 7.4 9.0 10.6 13.6 18.8 24.2 25.0 26.0 28.9 28.6 30.4 30 9 31.6 31.6
.

140 6.8 8.4 8.3 9.6 -12.3 17.0 21.2 21.1 21.7 21 5 21.5 21.1 20.4 20 7 19.7

141 5.3 3.3 70 8.1 10.3 15.5 19.8 21.2 24.5 24.3 26.7 26.0 26.2 26.0 26.0
'

.
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APPENDIX D

ASME CODE CALCULATIONS AT HFCS DISCHARGE N0ZZLE
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APPENDIX D

ASME CODE FATIGUE EVALUATION OF
HPCS DISCHARGE PIPE N0ZZLE

!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 loadire 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 m.oments and bending stresses due to various load conditions
are summarized below:

Internal Moments (lbs.in) Bending
A'

Load Condition NodeNo$ M My M s.

3 ty

236 839 0 71.0 984.0 1295 0 1143 0 |Dead Weight
237 1075 0 94.0 1149 0 1576 3 3826.0
238 1164.0 ,102.0 1212.0 1683 3 4086.0

,

Thermal 236 171.0 776.0 1645 0 1826.9 M34.0
Expaneion 237 314.0 1008.0 1745 0 2039 5 4950.0,

238 365 0 1092.0 1781.0 2120 7 5147 0

Safe Shutdown 236 562.0 731.0 649 0 1127.6 2737 0
Earthquake 237 678.0 885 0 731.0 1333 0 3236.0
(SSE) 238 721.0 943 0 761.0 1410.0 3422.0

Seismic Anchor 236 41.0 182.0 111.0 217 1 527 0
Movement (SSE) 237 62.0 222.0 126.0 261.0 634.0

238- 70.0 234.0 131.0 277 2 673 0
i

- Operating Basis 236 281.0 365 0 324.0 563 8 1368.0
Earthquake 237 339 0 M3 0 365 0 666 5 1618.0 |
(OBE)- 238 360.0 471,0 380.0 705 0 ' 1711.0

.0 108 5 263 0p30Seismic Anchor 236 21.0 91 .0
131.0 ,316.7Movement (OBE) 237 31.0 110.0

238 35 0 117 0 66.0 138 5 336.0
.

* Nodo Nos. 236,237, and 238 represents second socket weld coupling ,
304Lpipe/first coupling and Inconel safe-end respectively.

D-1
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Stress Intensification Factors (SIF) aree

C. K2 C3 C3 K3B1 C1 K1 B2 2

Pipe 05 1.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0

Socket weld 0 75 2.0 30 15 2.1 2.0 1.8 1.0 30

Girth weld 05 1.1 1.2 1. 0- 1.0 1.8 1.0 05 17

Conservatively use SIF* values 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 hon-linear temperature gradient. The peak
thermal stress intensity obtained from the NES report for each of
the four component is shown in Figured-1 and summarized below.

Inconel Safe-End 93 5 Ksi at Element 89-

85 4 Ksi at Element .105First Coupling -

,

72.8 Ksi at Element 46304 L pipe -

'

72.8 Ksi (Conservatively useSecond Coupling -

same as for Element 46)

Since secondary thermal stress components of equation (10)
are not evaluated separately in the ANSYS thermal transient
analysis, they will be cor.servatively' estimated from the, peak
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 :

2 (|-v) K Ea ATy + KCE c T,, - ab bT +
3 3 3 ab a

Ea|AT|
~

I
2l-v

.

For socket weld fitting, stress indices K , K2 and K3 are
1

Kg=30 K2 = 2.0: K3=30
l And conservatively:

I AT)|,+ C Eab Ga , - ab b = 1/3X peak thermalT TEn 32(1-v) stress intensity

D-2 ,,
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The secondary thermal stress components of equation (10) for j

each of the four components are summarized below. i

i31.2 KaiInconel Safe-End - =

28 5 Kai |85.4First Coupling =-

3
'

24 3 Kai72.8304 L pipe =-

3 ,

24'.3 Kai72.8Second Coupling =-

3
Membrane stress due to design pressure of 1340 pai is

NO 1340 x 1.9 = 6365 psi=
2t 2 x 0.2

The allowable design stress intensity value Sm for the 304 L pipe
and the coupling have been deterr.ined by prorating the ASME Code -

,

Sm values by the ratio of the actual yield strength given in the
material certification to the ASME Code yield strength value.s.
Since no material certification for the Inconel Safe-End is
available, the value of Sm has been obtained from Appendix I, ,

Table I- 1.2 of the 1980 ASME Appendices, The value of Sm and
Su .(ultimate tensile stress) are si2mmarized below: .

, ,

Sm (Ksi)
Component Material Room Temperature Design Tempera'ture Su (1cn1 )

Inconel ASTM SB166- 23 3 23 3 80.0
Safe-End 63

--

60 9304 L Pipe,SA312/304L 16 7 x 15 8 x g = 20.8= 21 97 ,
_

15 8 x y - 24 77 60 9
'Coupling 304L 16.7x3j'0 = 26.192.

ASME CLASS I CALCULATIONS'

Primary stress intensity is computed from and limited by the
following:

PD D*
1 Mi= 1 5Sm for Service Level B Condition----(9) -

2t 2I

f 2.4Sm (0 7S for Service Level D Conditionu,

D-3

_ b..- .

M
.
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Where:
_

E,B2 = Primary stress indices for the specific pipingg
component being investigated.

t = Nominal wall thickness of piping component

I = Moment of inertia

M = Resultant moment loading from loads cauced byy (1) weight, (2) earthquake, and (3) other
mechanical loads (one-half the range, excluding,

anchor movement effects). .

P = Internal design pressure

Do =0utside diameter of pipe

S = Maximum allowable stress in material at them
design temperature

S = Ultimate tensile stress in material at theu
design temperature

Service Level B ( Normal) condition ( OBE Seismic Event),
,

Inconel Safe-End:
,

. .

Primary Stress = .0 75 x 6365 + 1 5 (4086+1711)
13,469 psi (,1 5 Sm = 1 5 x 23,300=34,950 psi=

First Coupling:
.

0 75 x 6365 + 15 (3826+1618)Primary stress =

= 12,940 psi ( 1 5 x 24770 = 37,155 psi .

304.L Pipe:

0 75 x 6365 + 15 (3143 +1368)Primary stress =

12,940 psi ( 1 5 x 20800 = 31,200 psi=

Second Coupling:

0 75 x 6365 (+ 15(3143 + 1368)
Primary stress =

11,540 psi 1 5 x 24770 = 37,155 psi=

| Service Level D (Faulted) Condition (SSE Seismic event):
,

Inconel Safe-End:
'

0 75 x 6365 + 15 (4086 + 3422)Primary stress =

= 16,036 psi <(0 7Su = 0 7 x 80,000 =56,000 psi'

2.4Sm = 2.4 x 23300 = 55,920 psi

D-4 ~N t
M :-
M
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First Coupling:
15 (3826 + 3236)0.75 x 6365<+2.4 x 24770 =59,M8 psi=Primary strest.

15,367 psi (o.7 x 60,900=42,630 psi
.

=

304 L Pipe:
15 (3826 + 3236)= 0 75 x 6365 2.4 x 20800 = 49,920 psiPrimary stress = 15,367 psi o.7 x 60900 = 42,630 psi

Second Coupling:

= 0 75 x 6365 <+ 1 5 (3143 + 2737) 8 psi2.4 x 2477 = 59,%Primary stress = 13,594 < 0 7 x 60,900= 42,630 psi

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

Primary Plus Secondary Stress Intensity Range Check

The primary plus secondary stress intensity range is computed*

from and limited by the following: .

(10)
-

+C h MI+s = C; 2n

Ga . ab b , _$35mT T
CE3 abEm 6T) + ,

2 -W

Where:
Secondary stress indices for the specific.
piping component being investigated.I Cg, C , C3 =

2

Range of operating pressure conservatively
;

=
Po use design pressure.

Range of moment loading resulting from thermal
,

expansion, anchor movements from any cause. seismic effects, and othes mechanical loads.
=

Mi
,

L

OBE Seismic Event:

Inconel Safe-End:
.

2.0 x 6365 + 2.1 (1711 + 336) + o= 17,029 psi ( 3Sm = 3 x 23300 = 69,900 psiS =
n

i

D-5
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First Coupling:

2.1 (1618 +317) +o2.0 x 6365 +( 3 x 24770' = 74,310 psiSn =

16,794 psi=

304 L Pipe:

2 'x 6365 + 2.J (1618 + 317) + o.Sn =

16,794 psi ./p3 x 20800 = 62,400 pai=

Second Coupling:

2.1 (1368 +263) + o2.0 x 6365 +(3 x 24770 = 74,310 psiSn =

16.155 psi=

SSE Seismic Event: -

Inconel Safe-End

2.o x 6365 + 2.1 (3422 + 673) + o
-

Sn =

21,330 psi ( 69,900 psi.

a

First Coupling:

(3236 +634) + o2x6365+2.(1 74,310 psiE ..=n
20,857 psi=

,,

. .

304 L Pipes -

2 x 6365 +2.1 (3236 + 634) + oS =n
20,857 psi ( 62,400 psi=

, ,

Second Coupling:

2 x 6365 + 2.1 (2737 + 527) + o .

Sn =

19,584 psi ( 7,4,310 psi' =

~

Thermal Normal Start-up and Shutdown

Inconel Safe-Ind:
'

2 x 6365 + 2.1 ( 5147 ) + o! Sn =

23,539 psi (69,900 psi=

First Coupling:

2 x 6365 + 2.1 (4950) + oSn = .

23, 125 psi (74,310 psi _=

304 L Pipes

62,950) + o(4
2 x 6365 + 2.(1

Sn =
400 psi23,125 psi=

|

'
1

I- _ -.p.6-

|
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Second Coupling:
_ .

'

2 x 6365 + 2.1 (4434) + oSn =

22, 041 psi (74,310 psi=

Maximum Credible Thermal Transient Event (MCA)

I,nconel Safe-End

2 x 6365 + 31200Sn =

43,930 psi ( 69,900 psi=

First Coupling:

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

304 L Pipes

2 x 6365 + 24,300S =n 37,030 psi ( 62,400 psi=

Second Coupling:.

-

2 x 6365 + 24,300S =-

n 37,030 psi (74,310 psi -
=

|
OBE Seismic + Maximum Credible Thermal Transient (MCA) Events 1

-

Inconel Safe-End:

S = 2 x 6365 + 2.1 (1711 + 336) + 31200n '

= 48,229 psi ( 69,900 psi-
.

First Coupling:

Sn= 2 x 6365 + 2.1 (1618 + 317) +28,500
45,2% psi (74,310 psi=

304 L Pipe:

S = 2 x 6365 + 2.1 (1618 + 317) + 24300n ~

= 41,0 % psi (62,400 psi.

Second Coupling:

2 x 6365 +2.1 (1368 + 263) + 24300Sn =

40,455 psi ( 74,310 psi= .

|

|
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SSE Seismic + Maximum Credible Thermal Transient (MCA) Events

Inconel Safe-End:

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

First. Coupling: -

,

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

304 L Pipe

2 x 636'5 + 2.1 (3236 + 634) + 24300S =n
45,157 psi (62,400 psi=

Second Coupling:

2 x 6365 + 2.1 (2737 +527) + 24300S =n 43,884 psi (74,310 psi-=

Therefore the ASME Code requirements for 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 Stress Intensity Randte

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

C PoDop Kg j + Kg 2 EO til +S =
-

2t 21
.

+ h Em
I IIIIK C Esb gat. - %Tb AT2K Ea AT; + 333

*

Where:
K , K , K , = Local stress indices for the specific piping1 2 3 component being investigated.

The alternating stress is calculated from:

( -

Salt K. (gle)=

|

D-8
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Where:

Salt = Alternating stress intensity

Ke = Factor used to compensate for reduction in cycle
life in plastic cycling.

= 1.0 for Sn # 3Sm

OBE Seismic Event:

Inconel Safe-End:

S = 3 x 2 x 6365 + 2 x 2.1 (1711 + 336) + 0p .

= 38190 + 8597 = 46,787 psi

Salt = 46787 = 23,394 psi
,

2
6From Figure I - 9 2 Number of stress cycles N = 10 (Figure D-2)

First' Coupling:

S = 3 x 2 x 6365 + 2 x 2.1 (1618 + 317) + 0 = 46317 psip

Salt a 46317 = 23,159-Psi -

2
0From Figure I - 9 2 N = 10 cycles .'

'

304L Pipe: *

Sp= 38190 + 2 x 2.1 (1618 + 317) + 0 = ,46317
0

Salt = 23,159 psi i N = 10 cycles

Second Coupling:
.

Sp= 38190 + 2 x 2.1 (1368 + 263) = 45040 psi
0Salt = 22,520 psi : N = 10 cycles

SSE Seismic Event:

Inconel Safe-End:

38190 + 2 x 2.1 (3422 + 673) + 0 ' 55,389 psiS =
p

Salt = 27,695 psi N = 5 x 105 cycles

First Coupling

; S = 38190 + 2 x 2.1 (3236 + 634) + 0 = 54,444 psip
5Salt = 27,222 psi N = 5 5 x 10 cyet ,

D-9 . -
-
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Second Coupling:
~

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

Salt = 25949 psi : N = 6 x 105 cye1.s

Thermal -Normal Start-up and Shut-down

Inconel Safe-End

3819 + 2 x 2.1 (5147) = 59,807 psiS =p

Salt - 59,904 psi i N = 3 x 105 cycles

First Coupling:

p 38190 + 2 x 2.1 (4950) = 58,980 psiS =

5Salt = 29,490 psi i N = 3 2 x 10 cyc1.,

304 L Pipe: '

38190 + 2 x 2.1 (4950) = 58,980 psiS =p,

Salt = 29,490 psi i N = 3 2 x 105 cycles
,

Second Coupling:

38190+2x2'.1(44N) = 56813 psi'
S =p

Salt = 28,406 psi N = 3.6 x 105 cycles

Maximum Credible Thermal Transient Event (MCA) -

,

~

Inconel Safe-Ends
'

38190 + 93500 = 131,690 psiS =
p

Salt = 65,845 pai i N = 5 7 x 103 cycles -

First Coupling:

Sp = 38190 + 85400 = 12',3 590
,

Snit = 61,795 psi N = 7 5 x 103 cycles

304 L Pipe:
I *

38190 + 72,800 = 110,990 psiSp =

i Salt = 55,495 psi N = 1 3 x 10" cycles

.

D-10
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Second Coupling:

38190 + 72,800 = 110,990 psiS =p
4Salt = 55,495 psi N = 1 3 x 10 cycles

OBE Seismic + Maximum Credible Thermal Transient (MCA) Events

Inconel Safe-End:

38190 + 2 x 2.1 (1711 + 336) + 93500 = 140,287 psiS =p

Salt = 70,144 psi N = 4.0 x 103 cycles

First Coupling:

S = 38190 + 2 x 2.1 (1618 + 317) + 85400 = 131,717 psip

Salt = 65,859 psi : N = 5 7 x 103 cycles
304 L Pipe:

,

S = 38190 + 2 x 2.1 (1618 + 317) + 72,800 = 119,117 psip.

Salt = 59,559 psi i N = 9 x.103 cycles
,,

'Second coupling:

S = 38190 + 2 x 2.1 ( 1368 + 263) + 72800 = 117,840 psip
0Salt = 58,920 psi N = 10 cycles

'

SSE Seismic + Maximum Credible Thermal Transient (MCA) Events.
.

Inconel Safe-End

p 38190 + 2 x 2.1 (3422 + 673) + 93500 148,889 psiS =

Salt = 74,445 psi N = 3 3 x 103 cyclec

.First Coupling:

S = .38190 + 2 x 2.1 (3236 + 634) + 85400 = 139,844' psip

Salt = 69,922 psi N = 4 5 x 103 cycles

304 L Pipe:
~

S = 38190 + 2 x 2.1 (3236 + 634) + 72800 = 127,244 psip

3l Salt = 63,622 psi : N = 6 5 x 10 cycles

.
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SUletARY OF RESULTS~

Components-

Load Conditions Inconel First 304L 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 Event .

34,950 37,155 31,200. 37,155
Allowable stress 1 5Sm

Service Level D(Faulted)
Conditions

Dead Weight + SSE . 16,036 15,367 15,367 13,594;

Seismic Event 6Allowable stress 2.4S 56,000 42,630 42,630 42.,30
m

or 0 7Su
.

PRIMARY PLUS SECONDARY
STRESS IN"'ENSITY RANGE ,

Sn (psi) - -

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 41,094 40,455
*

Credible Thermal
Transient (NCA)

SSE Seismic + Maximum 52,530 49,357 45,157 43,884
! Credible Thermal ,

Transient (MCA)

Allowable Stress 3Sm 69,900 74,310 62,400 74,310

~
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SUMMARY OF RESULTS
ALLOWABLE NUMBER OF STRESS CYCLES

|

|

Components
Load Conditions

Inconel First 304 L Second .

Safe-End Coupling Pipe, Coupling l

6 0 0OBE Seismic Event- 10 10 10 106

5 5SSE Seismic Event 5 x 105 5 5 x 10 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 105
and Shutdown

Maximum Credible Thermal 5.700 7 500 13 000 13.000Transient (MCA),

OBE Seismic + Maximum 4.000 5.700 9.000 10.000
Credible Thermal Tranalent -

(MCA)

SSE Seismic + Maximum 3.300 4.500 6.500 7.0001
Credible Thermal Transient
(MCA)'

''

-
.

O

*e

F

.

.

*

!

| .

'

.
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APPENDIX E

..

HPCS DISCHARGE N0ZZLE THERMAL

TRANSIENT ANALYSIS WITH THE LION 4 CODE .

(From Reference 2) - .
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