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October 14, 1992

Shou-Nien llau 7F21
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 calculational 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 item A-18, should 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 you have .any questions, please call me (408-925-4824) or
Maryann lierzog (408-925-1921).

Sincerely,

&-

Jack 'N. Fox
Advanced Reactor Programs

.

cc: Chet Posiusny:(NRC)
!

Giuliano DeGhssi (BNL)
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DISTRIBUTION:
J BK , JW , EOS

DATE : OCTOBER 5, 1992

TO : M HERZOG
/ JACK N FOX

FROM : Henry Hwang

SUBJECT SRV-QUENCHER AND PEDESTAL WELD STRESS ANALYSIS.

(Response to NRC/BNL audit comment) 1

1.0 INTRODUCTION
'

The quencher hub and the pedestal welded region have been analyzed
using ANSYS program. The configuration of the analycis model is
shown in Figures 1 and 2. The analysis has two purposes. The first
purpose is to calculate the effect of the SRV blowdown transient.
The second purpose is to calculate the effect of the geometrical
discontinuity at the quencher hub and the pedestal weld.

i

Since the SRV blowdown transient is 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 piping. Wetwell
piping has more severe transient than drywell piping because

,

stainless pipe has smaller thermal conductivity.

It is important to note that lug attachment should not be used for
all the SRV pipings, otherwise, Code Case N-122 should be used for
the detailed fatigue analysis which includes the thermal transient
snalysis of the pipe with the lug.

2.0 HEAT TRANSFER ANALYSIS

The heat transfer transient during relief valve blowdown create
temperature transient with step change from 20 deg. C (68 F) to
166 deg. C (330 deg F) inside the quencher. At the outside of the
quencher the water temperature is assumed to be the same as the air
temperature of 20 deg. C. The transients are plotted in the figure
below.

Figure 3a : Temperature transients.

The application of the heat transfer transients to the surface-is
shown in the figure below:

Figure 3b : Heat transfer surfaces
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The heat transfer coefficients inside the quencher is calculated as
follow;

assure V=100 ft

Re = 100 (ft/sec) x2 (ft) /(1,06E-5 sq ft/sec)
= 1.88E7

Pr = 6.82 .

h1 = 0.023 (k/D) (Re)**0.8*(Pr)**0.33
= 0.023(0.347/2) (1.88E7)**0.8 (6.82)**0.33
= 0.023(0.173) (659669) (1.895)
= 4 97 5 use 5000 btu / (hr-f t^ 2-F)

h2 for outside surface:
_

Ascume Vn2.5 ft/sec

1.1 (C) Pr**0.31 (VD/vis)**n f( hr.1 Do/kf) =

Re = 2.5 (ft/sec) x2 (ft) /(1.06E-5 sq ft/sec)
= 4.7E5

Pr = 6.82
C = 0.0239 for Re = 40000 to 400,000
n = 0.805

h2 = (k/D) (1.1) (0.0239) 6.82**0.31 * 470000**0.805
(0.173) (1.1) (0.0239) (1.81) (378350)=

= 3123 btu /hr/ft^2 F
Inside natural convection heated surface face downward

hb/k = 0.27(Gr PR)**0.25
h3 = (0.347/2) * (0.27)*(3460,000*250*2**3 * 6.82)**0.25

(0.174) (0.27)*(466)=

= 21.89 btu /hr-ft^2-deg F

The heat transfer outside the quencher:

Assume the water flow outside the pool is 2.5 ft/sec

h2 = 1.1 (k/D) C Pr**0.31(VD/mu)**n
n = 0.805*

C = 0.0239
Pr = 6.82

Substitute the values gives hc = 3123 Btu /hr-ft^2-F

The natural convection inside the pedestal is as follows:
'

h3 = 0.27 (k/L) (Gr Pr)**0.25
= 21.89 btu /hr-ft**2-F

2_
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The boundary condition of the quencher is considered to be the most
severe condition in the SRV discharge system. The reason is hat
the water outside the quencher has cooling ef fect and the steam
inside has heating effect.

The results of the analysis is shown in the following figures:

Figure 4 : Temperature distribution. degree C
(at time 1.00 min. after SRV blowdown)

Figure 5 : Temperature distribution through section A-A
(nodes 66-115, 1.00 min after SRV blowdown)

Figure 6 : Temperature distribution, degree C
(at time 2.00 min after SRV blowdown) ~-

Figure 7 : Temperature distribution through section A-A
(nodes 66-115, 2.00 mil. after SRV blowdown)

Figure 8 : Temperature distribution through section B-B
(nodes 149-144, 2.00 min after SRV blowdown)

Figure 9 : Temperature distribution, degree C
(at time 3.00 min. after SRV blowdown)

Figure 10 : Temperature distribution through section A-A
(nodes 66-115, 3.00 min after SRV blowdown)

Figure 11 : Temperature distribution through section B-B
(nodes 149-144, 3.00 min after SRV blowdown)
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3.0 STRESS ANALYSIS AND FATIGUE ANALYSIS

ANSYS program STIFF 42 axi-symmetric element is used for the stress
analysis for all the temperature distributeion at 1.0, 2.0 and 3.0
minutes after SRV blowdown. The calculation of mechanical load
input to the analysis are as follows:

Mechanical load calculations

quencher hub Ro = 304.8 mm
t= 55.1 mm

Ri = 249.7 mm
ID=< 4

OD =
Ai = 14 79 mm sq

a) Pressure Loads

'

(P) ( Ai) (0.38)(195878)=

= 74,434 kg
Fo = 23,693 kg/ rad

Force is distributed among Nodes,186,187,188,189,190,191

Fp,187,180,189,190 = 23,693/5
= 4,739 lb

Fp, 186,191 = 2,:470 lb

b) 10 ton-meter unit moment locu

R avg = 277.25 mm
(3.1416/4) (304.8^4-249.7^4)I =

= 3.725E9
Z = 3.725E9/304.8

= 12.22E06

Sb = M/Z >

= 1000000/12.22E6
= 0.08182 kg/mm^2

A metal = 3.1416(304.8^2 - 249.7^2)
= 95985 mm^2

Force per radian = 0.08182 x (95985/6.2832)
1250 %g/ rad for 1 m-t moment=

The input value is to 10 m-t as unit load input

Fp,187,188,189,190 = 10(m-t) x 1250/5
= 2,500 lb/ node-radian

Fp, 186,191 = 1.250 lb
(

I
|
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c) Shear 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

159 lb lbFp, 186,191 =

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,

d) Apply Load

The forces and moments due to thermal expansion is used for the
fatigue analysis. It 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 thornal expansion
are as follows:

Force = 10 tons
Moment = 6 meter-tons

The foeces and moments for the primary load combinations are as
follows. These forces and moments are obtained from calculated
results of one line. Enveloping process for all the line has not
been performed.

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

|
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4.0 RESULTS

Thermal transient due to blowdown, pressure, external forces and
moments for each service level have been included 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 61 1.0 10.3

Primary membrane Maximum 150 4.6 15.5
plus bending Weld 66 3.4 15.5

Fatigue usage for quencher with low-low set SRV valve has
3064x1.5=4596 valve actuations for 60 years. These quencners
without low-low set SnV valve has 264x1.5=396 valve actuations for
60 years.

Node Usage Allowable
peps Calc'd Usage

Fatigue usage Maximum 144 4596 0.5380 1.C
(with low-low set) Weld 61 4596 0.0180 1.0

Fatigue usage Maximum 144 396 0.0470 1.0

(with low-low set) Wald 61 396 0.0016 1.0 -

g
otu

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

In general 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 intensification factor used ir
the analysis for the weld is 2.4, waich is conservative because the
finite element analysis results has included stress concentration
due to geometry change. A factor of 1.1 was used for all other
locations for conservatism. )

5.0 CONCLUSION

rhe fatigue usage factor inside surface is higner than the outside
4

surface of the quencher.

If the thermal expansion moment at the quencher is less than 6 m-t
and the number of v,alve actuations is less a than 4596 the fatigue
usage factor will be less than 0.60.

1
The fatigue usage factor for other locations of the safety relief j
valve discharge piping depends on the expansion moment and'are not '

covered by this analysis.

- . - _ _ _ . _ _ .
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TABLE 5-1 PRIMARY SIRESS I N TE NS I T )

... .......... ....... . .......--. .-- .. . . .

Pr f edr y flembr ar.e P. s mos y f1emb*beeW
. ............ ............ . ..--..... .. .. . . ...... .. . . .

. . .

Parts Posnt Maternal Combsnatson Lsmsts Intensstr Lsorts Ew.luatson intensit, ismens Evaluetion
. ................................-.. --.....-- . . . ... .... ... . . . . ...._

hl50 Design DESGN I I 30 3 N150- 2 t *, 5 Ni5o.
A8wR-SRV i Caeratson 11 OCCAS I 7 to 3- wiSO- 4 e, it S NtSO.
NISO Operatson IIi iiIAS 1 7 15 5 NISO- 4 6 /> J N150-

Operatson IV IVAS 1 7 21 6 NI5u 5 9 ;ej a N350s
..... . . ... ........ .........................-...................... ..... .. . . . .. ......

N155 Dessen DESGN 1 7 10 3 N?55- 1 4 15 % Ns55
ABWR OUEN I Operatson II OCCAS 1 7 10 3 kl55- 3 1 15 5 NISS-
N155 Operation Ill. IllAS 1 7 15.5 NI5S- 3 23 J N655-

Operatson lv IVAS 1 7 21.6 NISS- .a 4 32 4 MI55-
.................................................. ........................ . . . . .. . .... .

N'44 DesIon DESGA I 6 10.3 N l .3 4 - 2 t 15 5 NI44-
A8wR-OUEN I Operatson II O C C. A S 1 6 10 3 NI44 4 J t5 5 NI44-
NI44 Operasson 111 IllAS I 6 45 5 N I -8 4 - 4 J JJ J Nt44

Oper.s t i on IV IVAS 1 6 21.b N t 4 3- 5 3 SJ 4 N 8 .s a .
. .. ....... ............ ................ ... . ......... .. . ..

Nt49 Design DESGN 1 6 10 J 4149- t > 15 5 N149
ABwp-OVEN I Operatson II OCCAS 1 6 t o ;s N343- 3 a 15 5 N a a s. -
N149

'

Oper a t s on !!I IllAS 1 6 15 5 4149- 3 1 2 ~. 2 N t .a ce -
Operation tv IvAS 1,6 21 6 N643- 4 ; 32 a Nia3

,j .. ...... .. ... ...................._.. .. ............_.... . .. .

ht38 Design GESGN 1 5 to 3 Ni38- I w 15 5 N4jo-

ABwR-OUEN 1 Opermis .11 OCCA5 1.5 10 3 Nf38- 3 e it 5 Nt;e-.

til 38 Oper a t s oas til IllAS 1.5 15.5 N338 3 8 2> 2 Nt38
Operatson IV IVAS I 5 21 6 Nf38- 50 32 4 Nile-

.... ....................... ..... ........ ................................................. ... ..... ...

N211 Deston DEbCN 1.5 10.3 N2)1- 1 2 IS S N211-
A8wR-OVEN I Oper at ion il CCCAS 1 5 10.3 N2ti- 29 45 5 N211-
N211 Operatson ||| IllAS 1 5 15 5 N211- 2 9 2> '' N241-

Operetsen IV IVAS 1 5 24 6 N213- 4 4 ~*J 4 N2n8-
...... ..................... ................................................. ... ..- ....-- . .

Nf32 .Sesson DESGN 1.3 10.3 4132- I 8 i$ 5 Nf32-
ABWR-OUEN 1 Operasson 11 OCCAS 1.3 10 3 NI32- 3 5 IL 5 #J432-
N132 Operasson Ill IllAS 1.3 15,5 N132- 35 23 2 NI32-

Operetion IV IVAS 1.3 21 6 N132- 4 5 32 4 Nf32-
.........................,. .. ............................ ........................ .. .-. . ....-. .
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Figure 4 : Temperature distribution. degree C
(at time 1.00 min. after SRV blowdown)
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'be number of degrees of freedom are taken engineer. An additional examination of these
more than twice tbc number of modes with supports and restraining devices is made to
frequencies less than 33 Hz. assure that their location and characteristics

are consistent with the dynamic and static
(2) Mass is lumped at any point where a analyses of the system.

significant concentrated weight is located
(e.g., tbc motor in tbc analysis of pump 3.7.1.3.4 Analysis of fmme l>pe fipe Suppons
motor stand, the impeller to the analysts of
putop shaft, etc). The desip loads on frame type pipe supports

include (a) loads transmitted to the suppon by the piping
(3) If the equipment has free.end overhang span response to thermal expansion. dead weight, and the

with ilssibility significant compared to the inenta and anchor motion effects, and (b) suppon
center spnn, a mass is lumped at tbc overhang intemd loadr caused by the weight, thermal and inenia
span. effects of loads of the structure itsel), and (c) friction

loads caused by the pipe sliding on the suppon. To
(4) When a mass is lumped between two supports, calculate the frictionalforce acting on the suppon,

it is located at a point where the maxitoum dynamic loads that are cyclic in nature need not be
dispIacemeat is cxpeeted to oecut. This considered. C: :c4icien++f-friction.uoed M'! h %-
tends to lower tbe natural itequencies of the "coefj"" ~I will be substantiated by actualtest data
equipc3 cot because (be equipment frequencies covering the range of matenals, geometry and loading
are in the bigber spectral range of the condition. To determine the response of the suppon
response spectra. Similarly, in tbc case of structure to applied dynamic loads, the equivalent static
live loads (mobile) and a variable support I. ad method oN analysis described in Paragraph
stiffness, the location of the load and the 3.23.8.1.5 may be used. The loads transmit:ed to the

magnitude of support stiffness are chosen to support by the piping will be applied as natic loads
yield the Icwest frequency content for the acting on the suppon.

- system. This ensures conservative dynamic
loads since the equipment ircquencies ste As in the case of other suppons, the forces the piping

such that the floor spectra peak is in the places on the frame-type suppon are obtainedfrom an

lower frequency range. If not, the model is analysis of the piping. In the analysis of the piping the

adjusted to give mote conservative results. snffness of the frame-type suppons shall be included in
; the piping analysis model, unless thr support can be

shown to be rigid. 17se frame type suppons may be
$'' $cqe) b3.1333 lelttacation of Supports and

modeled ajs'd restmints p twiding th:y are designed soRestralnts. %', the maximumsdeflection in the direction of the applied

Tbc/ field'. location of seismic supports and I 88 '# #### 'h"" 1/M '''A "ad rodng the taalgap orP
,

duametncal clearance between the pipe arid /mmerestraintIFfor Seismic Category I piping and
suPron is between 1/16%td 3/la''when the pipe is mpiping s'isiems componcots is selected to satisfy

,

enher the hu orcoM condMon. & M M5cdthe following two conditions:

3.7JA Rasis orSelectfor ofFrequencies
(1) the location selected must furnish the

;required response to control strain within Where practical, in order to avoid adverse
,

*

allowable limits; and resonance effec:s, equipment and components are
designed / selected such that their fundamental

(2) adequate building strength and stiftness for frequencies are outside the range of 1/2 to
attachment of the component supports must be twice the dominant frequency of the associated 4available. suppori structures. Moreover,in any case, the $

equipment is analyzed and/or tested to
The finallocation of seismic supports and re- demnnstrate that it is adequately designed for

straints for Seismic Category 1 piping, piping the applicable loads considering both its
system corrpocents, and equipment, including the fundamental frequency and the forcing frequency
placement of snubbers, is checkri against the of the applicable support structure.
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