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October 14, 1992

Shou-Nien Hou 7F2!
U.S Nuclear Regulatory Commission
1155 Rockville Pike
Rockville, MD 20852

Dear Shou:

Enclosed are modified responses to the Piping Design Audit open
items A-6 and A-26. Also included are the calculationa summary
for the SRV-quencher and pedestal w:ld stress analysis

corresponding to open item A-4  In addition, a respense is provided
for SER item 5.18,

The remainder of the outstanding responses, with the exception of
the open itern A-18, shculd be available for transmittal to you next
week. We are awaiting the piping environmental fatigue

methodology for which Dave indicated the staff will take the lead.

If vou have any questions, please call me (408-925-4824) or
Maryann Herzog (408-925-1921).

Sincerely,
?‘éck N. Fox
Advanced Reactor Programs

cc:  Chet Poslusny (NRC)
Giuliano DeGiussi (BNL)
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\WV=RQUENCHER AND PEDESTAL WELD STRESS ANALYEI]
Response to NRC/BNL audit comment)

1.0 INTRODUCTION

hub and the pedestal welded region have reen analyzed
3 ANSYS program. The configuration of the analyris modal 1is
shown 1n Figures 1 and 2. The analysis has two purwoses. The first
purpose 1s to calzulate the effect of the SRV blowdown transient.
I'he second purpose 1s To calculate the effect of the gecmetrical
scontinuity at the quencher hub and the pedestal weld.

Since the SRV blowdown transient 1s the major temperature transient
and has the major contribution to the fatigue usage factor. The
quencher hub has the most severe effect due to the transient. The
reason is that the hub is thicker than wetwell pilping. Wetwell
piping has more severe transient than drywell piping because
stain.ess pipe has smaller thermal conductivity.

=

Jmportant to note that lug attachment sh
the SRV pipings, otherwise, Code Case N-12

ould not be used
1 22 should be used
e detailed fatigue analysis which includes the thermal tran
alysis of the pipe with the lug.
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2.0 HEAT TRANBFER ANALYSIS

The heat transfer transient during relief valve blowdown c

temperature transient with step change from 20 deg. C (68

166 deg. C (330 deg F) inside the gquencher. At the outside

gquencher the water temperature is assumed to be the same as
temperature of 20 deg. C. The transients are plotted in the
below.
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3.0 BTRESS ANALYSIS AND FATIGUE ANALYBIB

element .s
buteion

Pressure Load:

6.2832)
-t moment

148 -

locad input




¢) Bhear load 10 ton unit load
10 ton as unit load input

Fp,187,188,189,190 = 19,000/(6.2832 x 5)
= 318 lb/node-radian

Fp, 186,191 = 159 1lb 1b

The pressure load, unit moment and unit force loads have also been
calculated for load combinations. The stress intensity calculation
are performed in accordance with ASME Section NB-3214 procedures.
NB-3216.2 fatig -~ analysis procedures are used for Fatigue
analysis,

4) Apply Load

The forces and moments due %o thermal expansion ie® used for the
fatigue analysis. (t is conservative to combine torsion to the
bending moment and the axial force to shear force for the finite
element model. The shear force and moment due to therrmal expansion
are as follows:

Force = 10 tons
Moment = 6 meter-tonse

The fceces and moments for the primary load cembinations are as
follows. These forces and moments are obtained from calculated
results of one line. Enveloping process for all the lire has not
been performea.

Force(tons) Moment (m-t)

Design 10.0 1.0
Upset 30.0 25.0
Level C 30.0 25.0
Level D 30.0 40.0



4.v REBULTS

Thermal transient due to blowdown, pressure, external forces and
moments for each service level have been includec in the analyses.
The results are tabulatud below:

Calc’d
Node Value Allcwable
(kg/mm*2) (kg/mm*2)
Primary membrane Maximum 150 1.7 10.3
weld €1 1.0 10.3
Primary membrane Maximum 150 4.6 15.5
plus bending wWeld 66 3.4 18.95

Fatigue usage for quencher with low-low set SRV valve has
3064x%1.5=4596 valve actuations for 60 years. 1hese quenchers
without low-low set SNV valve has 264x1.5=396 valve actuations for
60 years.

Node Usage Allowakble
pcps Calc’d Usage
Fatigue usage Maximum 144 4596 0.5380 et
(with low=low set; weld 61 4596 0.0180 1.0
Fatigue usage Moaximum 144 396 0.0470 1.0
(withplow-low set) Veld 61 396 0.0016 1.0
out

The attached Table 5-1 and 5-2 show the detailed resultu at various
nodes for reference. The usage factorc tabulated in Tables 5-2 are
for these quenchers with 1800 valve actuation.

In genaral the fatigue usage factor due to the blowdown transient
at the inside uurface of the hub are higher than the weld which is
at the outside surface. The stress i-tensification factor used i
the analysis for the weld is 2.4, waich is conservative because the
finite element anzlysis results has included stress concentration
due to geometry change. A factor of 1.1 was used for all other
locatlions for conservatism.

5.0 CONCLUSION

‘h- fatigue usage factor inside surface is higner than the outside
surface of the gquencher.

If the thermal expansion moment at the guencher is less than 6 m-t
and the number of valve actuations is less a than 4536 the fatigue
usage factor will be less than 0.60.

The fatigue usage factor for other locations of the safety relief
valve discharge piping depends on the expansion momer* and are not
covered by this analysis.
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Figure 4
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5 : Temperature distribution through section A-A

Figure O
(nodes 66-11°% 1.00 min after SRV blowdown)
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Figure 6
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Tempera*ure distribution. degree C

{at time 2.00 min.

after SRV blowdown)
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Figure 7 : Temperature distribution through section A-A
{nodes 66-115, 2.00 min after SRV blcwdown)
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Figure 8 : Temperature distribution through section B-B
(nodes 149-144, 2.09 min after SRV blowdown)
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Figure 9 : Temperature dist-ibution. degree C
(at time 3.00 min. after SRV blowdown)
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Figure 10 : Temperature distribution through section A-A
(nodes 66-115, 3.C0 min after SRV blowdowun)
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Figure 11 : Temperature distribution through section 3-B
(nodes 149-144, 3.00 min after SkV blowdown)
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" The ollowing

hese values
the pumber of degrees of freedom are taken
more than twice the sumber of modes with
frequencies Jess than 33 Hz

(2) Mass is lumped st spy point where &
sigoificant concentrated weight is located
(¢e.g., the motor in the snalysis of pump
motor stand, the impeller in the asalysis of
pump shaft, etc).

If the equipment bas {ree-cad overbang span
with flexibility sigeificant compared to the
center span, a mass it lumped at the overbang
span.

(3)

When a mass is lumped between two supports,
it 15 located at a point where the maximum

(4)

e T Rt | X g
stahe coeficients of Fy,'d,o,:mr\’"“—'/‘“
ABWRgna/ysis- 0.80 for steel on steel be used in

P

> |
JQ‘

)m\aio./s for ldvicated g)ide plates .

- K Bt - X |
engincer, ;Kn ui.ditioul examination of thess

supports and restraining devices is made 1o
assure that their location and characteristics
are consistent with (he dysamic and static
analyses ¢f the system.

3.7.2.3.4 Analysis of Frame Type Fipe Supponts

The desizn loais on frame type pipe supports
include (a) loads transmitted (o the suppon by the piping
response 1o thermal expansion, dead weight, and the
inertia and anchor motion effects, and (b) suppon
inten:! loads caused by the weight, thermal and inertia
effects of loads of the structure itself, and (c) friction
loads caused by the pipe sliding on the supponi, To
calculate the frictional force acting on the suppon,
dynamic loads that are cyclic in nature need not be

displacement is expected to occur. This
tends to lower the natural frequencies of the
equipment because tbe equipment frequencies
are in the bigher spectral range of the
response spectra. Similarly, in the case of
live loads (mobile) and a variable support
stiffeess, the location of the load and the
magnitude of support stiffoess are chosen (0
yield the lowest frequenzy content for the
svitem. This ensures conservative dynamic
loads since the equipment frequencies are
such (bat the floor spectra peak is in the
lower frequency range. 1l not, the model 15
adjusted to give more conservative results.

/’"\___//

The' freld location of seismic supports and
restraints for Seismic Category I piping and
piping svilems components is selected to satisly
the following two conditions:

Restruints

= ~\\\
37332 Fielt-Loeation of Suppom(u}ﬂm L
sel

(1) the location selected must furnish the
required response to control strain within
allowable limits; and

(2) sdequate building strength aed stifiness for
sttachment of the component supports must be
svailable.

The dinal location f seismic supports and re-
straints for Seismic Category I pipiog, piping
system compoopents, and equipmest, including the
placement of spubbers, is checked against the
drawings and instructions issund by the

Amengmen, 3

considered The-coefficent-of frcnon-used wil-be 54aiio-
“Boosffisienteand will be substantioted by ectual test dato
covering the range of matenals, geometry and loading

condition. To determine the response of the suppor
structure to applied dwamic loads, the equivalent static
{ ad methed oW analysis described in Paragraph
3./.3.8.1.5 may be used. The loads transmiced to the
fupport by the piping wili be applied as siatic load:
acting on the suppon.

As in the case of othe: supponts, the forces the piping
Dlaces on the frame-type support are obtained from an
analvsis of the piping. In the analysis of the piping the
stiffness of the frame-type suppons shall be included in
the piping analysis model, unless the support can be
shown to be ngid. The frame type suppons may be
modeled as rigid restraints providing th ty are designed so
the maximum¥©deflection in the direction of the applied
loaa is iess than 1/1€ “wch and providing the «otal gap or
diametrical clearance between the pipe and frame
support is between 1/16"ad 3/18%hen the pipe is in
either the hox or cold condition. &— Add \nserd A

3.73.4 Rasis of Selectior of Frequencies

Where practical, in order to avoid adverse
resonance effecis, equipment and components are
designed/selected such that their fusdamestal
frequencies are outside the range of 1/2 to
twice the dominant frequency of the associated
suppor. structures. Moreover, 1o any case, the
tequipment is apalyzed and/or tested to
demonsirate that it is adequately designed for
the applicable loads consideriog botb its
fundamenial frequency and the forcing frequescy
of 1he appheable support structure.
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3.7.312 Buvied Seirmic Caregovy T Pipmj and
Tunnels and Extevioy Pi,oinj

A\ W\d@"f}\’()und Cate ovy I pipng systems ave
metulled mY Fumaels . The %\\owsvxj (¥ems ave consideved
\A 'H\Q QV\Q)ys)’j '

() The wevbal effects due v am eavthquake upan
undwyfowd S\/S)’Ms avd Yuanels will be ade%ua‘h!)
accounted o m He amalysis. T case of bwie«fj
svsYem s Sw%'dw}{j Flexible velalive 4p The swroundn\:j
o/ umderly v salY 1+ is assumed Yhatr the systoms
WY Rlow ‘Zss%h’ﬂ"y +he displacements and
defovmations et the so)) wold have if the systoms
weve  abse . (Nhem o\rf\.co.b)e) onceo\w/cs) e
Fake wid account e phenmena o wave tvave)
a.d e veflechon \n mmpac‘b)\j so) Ao\(rf\qcm‘b
fvom  Yhe growd displacaments , ave w,okycd.

(& The design vesponsc  spechra foy e .(wd@vjvvou
PPy ave the hovizonta) " and vevpeal desijn Spectra
ar the gvound  suwrface givem w Figuves 33-1 and 3.7-2
These o\e.sijw spectva Gve hucted 1w accovdance.
with RCju\a"b? Gwde 1.60 . The pipng amalysis is
f@n’fo‘lme& usij Meop ‘ﬂc— meth .o\cscv'nbw(’ A
Subsec Hion 3.7.3.) . |

(3) Whenm apphcable , The ek dwe Yo local

sos) Se"f"’im%ﬁ/ son\ Md~?ﬂj , YT ., ane also

consideved W Mae awalysis

SSAR  page 3. 7-E5



37.3. 12 CCW\)'A)

Al above jmde leve) CA‘)'COOV I Pipin
outside The “ Reactor bunld;\\a CO»ZTYO' b g’ amt
Yhe Tuvbine bu})dnkj s emclosed withn shrattures,
The desiﬁv\ vesponse™ spectra fov this emclased fipiuj
ave the Yhovizonta) M{\)wbca' desian .syecf’(a a

Yhe avound sur face givewm in Fiatres 3.7l and 3.7-2 .

The %fn\n amalysis is ?wamecQ Wehg ome
e meHdds  descrvibed w SubsecHsn 3, o %5

S SAR faje 3.7-23.1



’)/Nevo third para.

LL_:\_ Sechon  3.9.3.)

Pip lvads  due 4o the thevmal EXpamSsIon ot
‘H\Q. f'fmj mo‘ H\W*‘u\) «mckormwemmb (A"’ .wnoo';"/‘s
ave wchdld w _the Pip"ﬂ load combmabens Al
ope» a"')hs modes ave eoaqua\fd_c».d _,‘”\Q. WAGIE | I A
wmoment = vamges ave 3-"".‘,.""1 m the fatiane evaluation .
Piping _sys tws with Voperabing tompera hures of ess
Haan ~ or e.%w\l Fv _1S0 °.F~_ﬁ.r2 _not _-ngm'rec/. 0 be
dha/JZeJ yor ﬂerma/ ¢WJ:‘0~\ , ,/oa//v .

SSAR  pase 1.1



