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shell during the air clearing phase of an SRV
discharge event. The procedure used to
develop SRV discharge torus shell loads is
discussad in Section 1-4,2.3, The maximum
torus shell pressures and characteristics of
the SRV discharge pressure transients are

developed using an attenuated bubble model.

The SRV actuatiocon cases considered are dis-
cussed in Section 1-4,2.1. The location of
each quencher and the corresponding SRV set
gpoint pressure are shown in Figure 2-2.1-14.
The cases which result ir controlling load or
load combination effects for which torus
shell pressures are developed include the
single valve actuation case with elevated
drywell pressures and temperatures (7a-Case
Al.2/C3.2 for the gquencher location whiclh
results in the highest shell pressures), and
the multiple wvalve actuation case with
elevated drywell pressures and temperatures
(7b-Case Al.2/C5.2 with pressures from all 14

valves acting in phase).

2-2.39

nutech



The single and multiple valve actuation cases
with normal <cperating 1initial conditions ‘
(Case Al.1/C3.1) are enveloped by loading 7a
and 7b (Case Al.2/C3.2) and are therefore not
evaluated. The AD! valve actuation case with
elevated drywell temperatures and pressures
(Case A2.2 with pressures from all 5 ADS
valves acting in phase) is also enveloped by
7b-Case Al.2/C3.2 and 1is therefore not

evaiuated.

The resulting SRV discharge torus shell loads
for the single valve Case 7a and multiple
valve Case 7b are shown in Figure 2-2,2-8,

The results shown include the effects of ‘
applying the LDR (Reference 2) pressure
attenuation methodoloyy to obtain the spatial
distribution of torus shell pressures and the
absolute summation of multiple valve effects
with application of the bubble pressure cut-
off criteria. Also, as specified by the LDR
(Reference 2), first actuation pressures are
used with sulisequent actuation freguencies,
and $25% and $40% margins are applied to the
first and subsequent actuation freguencies,

respectively. This methodology is in

BPC-01-300-2
Revision 0 2-2.40
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accordance with the conservative criteria

contained in NUREG-0661.

The distribution of SRV discharge torus shell
pressures is either symmetric or asymmetric
with respect to the vertical centerline of
the containment, depending on the aumber and
location of the valves considered to be
actuating. The syr 2tric pressure distribu-
tion which results in the maximum total
vertical 1load on the suppression chamber
occurs for the multiple valve Case 7b, as
shown 1in Figure 2-2,2-6. The asymmet_ ic
pressure distribution which results in the
maximum total horizontal load on the
suppression chamber occurs for a multiple
valve actuation case with elevated drywell
pressures and temperatures (7¢ - Case
Al.2/C3.2 with pressure from three of the
four 1108 psi setpoint valves acting in phase
to maximize the net lateral load). The
longitudinal preassure distribution for the
asymmetric multiple valve Case 7¢ is shown in

Figure 2-2,2-7.

2-2,41
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As discussed in Section 2-2.4.1, the load
combinations which involve pool swell plus ‘
single valve SRV loads are bounded by other
loading combinations. Since only multiple
valve SRV loads are combined with all other
LOCA related loads, single valve SRV torus
further shell load 7a-Case Al.2/C3.2 is not
avaluated further in the suppression chamber

analysis.

d. SRV Discharge Air Clearing Submerged Struc-
ture Loads: Transient drag pressures are
postulated to act on the submerged components
of the suppression chamber during the air
clearing phase of an SRV discharge event. ‘
The components affected include the mitered
joint and midcylinder ring beams. The
procedure wused to develop the transient
forces and spatial distribution of the SRV
discharge air clearing drag loads onr these

structures is discussed in Section 1-4,2.4.

Loads are developed for two conditions
including the case with four bubbles from
each quencher in three consecutive bays

acting 1in phase, and the case with four

BPC-01-300-2
Revision 0 2-2.42
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bubbles from each gquencher in two adjacent
. bays acting in phase combined with four
bubbles from a third adjacent gquencher acting
out-of-phase. The results are evaluated to
determine the controlling loads. The result-
ing maximum drag pressures acting on the
mitered joint and midcylinder ring beams for
the controlling SRV discharge drag load case
are shown 1in Table 2-2,2-6,. The results
include the effects of velocity drag,
acceleration drag, interfer2nce effects, and

wall effects.

8. Containment Interaction Loads
&

a. Containment Structure Reaction Loads: Loads
acting on the suppression chamber, vent
system, guencher and gquencher supports, cat-
walk, and monorail cause interaction effects
between these structures, These interaction
effects result 1in reaction loads on the
suppression chamber shell and ring beams, at
the attachment points of these structures to
the suppression chamber. The effects of the
vent system, quencher, and guencher support

reaction loads on the suppression chamber are

I BPC-01-300-2

Revision 0 2=-2.43
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considered in the suppression chamber

analysis.

The catwalk and menorail reaction loads on
the suppression chamber are primarily caused
by pool swell loads acting on these
structures. As discussed in Section 2-2.4.1,
the 1load combinations which include pool
swell loads are enveloped by other loading
combinations. Therefore catwalk and monorail
reaction loads are not considered in the

suppression chamber analysis.

The values of the loads presented in the preceding

paragraphs envelop those which could occur during the
LOCA or SRV discharge events postulated. An evaluation
for the effects of these loads results in conservative
estimates of the suppression chamber responses and
leads to bounding values of suppression chamber

stresses.,

BPC-01-300-2
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Table 2-

3
2.2-1

SUPPRESSION CHAMBER COMPONENT LOADING IDENTIFICATION

Component Part

Loaded
Volume 2 Load Designation PUAR 0w +
Section € ow
) p |S .~ Qum
Reference g: g.g :EJ: oo
wo | EmslZ0348
c S&l=a 0 295
- ) . - ase w OEmps
Category Load Type beambeg o> g >
O m
R - —
Dead Weight Dead Weight Steel la 1-3.1 X X X
d - . 4
NORGS Dead Weight Water lb I--?.l X
Saismic OBE Seismic 2a 1-3,1 X X X
’
Loads  lscr seismic 2b f1-3.1 X | x X
NOC Internal Pressure 3a 1=2,1 X
Pressure and|LOCA Internal Pressure 3b 1-4.1.1 X
Temperature
Loads NOC Temperature 3c o | X X
LOCA Temperature 3d > e | X X
Pcol Swell Torus Shell 4da 1-4.1.3 X
PooLloaodwsell LOCA Water Clearing (1)
Submerged Structure N/A [kl=-4.1.5 X
LOCA Air Clearing
Submergjed Structure : 1.6 X
DBA C.0. Torus Shell : Sy X
. . IBA C.0. Torus Shell 1-4.1.7 X
Concdensation
Osciéizglon DBA C.0. Submerged i ek 3.1 .
Structure ’
IBA C.0. Submerged
Structure

BPC-01-300~-
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Table 2-2.2-1

(Concluvded) .

Component Part
Loaded
Volume 2 Load Designation PUAR
Section -y
oomw
Reference _— o g'dg‘u
o E E |5+ Q¢
N O S@ | Z038
oL | £ 9 |QQwE
Category Load Type Case e ol Gd-0F
i tYP Number oc
Oo
_
Pre-Chug Torus Shell ta 1-4.1.8.1] X
Post-Chug Torus Shell 6b Il-4.l.8.l X
Chugging .
s Pre-Chug Submerged 3
Loads Structure 6c 1-4.1.8.3 X
Post-Chug Submerged
Seructure 6cC 1-4.1.8.3 X
SRV Discharge Torus
-7 - 3
Shell Ja-7cll-4.2. X
v . 1
Disiﬁar " SRV Discharge Water( )
Lo;dsg Clearing Submerged N/A fJ1-4.2.4 X
Structure
SRV Discharge Air
Clearing Submerged 74 1-4.2.4 X
Structure
Containment .
Interaction ;Zgziigﬁ:nt SELACENES 8a
Loads

Note:

1. The effects of this loading are negligible compared with other
submerged structure loadings.

BPC~-01-300~2
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Table 2-2.2-2

SUPPRESSION CHAMBER INTERNAL PRESSURES
(1)

AND TEMPERATURES FOR LOCA EVENTS

(2) -
(sec) |Pressure (psig) |Tempe:rature (©F)

Pressure, Time
Event
4 Temperature
Description .
Designationj t

t ?_, P T3 T
1 max min max

Instant of Break
toc Oneset of
Chugging

0.} 300, 0.75 10.00 95.0 101.0

Onset of Chugging
to P 300.! 600.| 10.00 19.90 101.0 103.0
Initiation of ADS

Initiation of ADS
to RPV
Depressurization

Instant of Break
to Onset of CO
and Chugging
Onset of CO and
Chugging to P27 - 300. 2.00 20.70 95.0 112.
Initiation of ADS

o

Initiation of ADS
to RPV
Depressurization

Instant of Break
to Termination
of Pool Swell

lTermination of
Pool Swell to
Onset of CO

o
3
H
w
w
o
~J
~J
w
-
()]
(38
w
C
D
O
o0
J
o

Onset of CO
to Onset of P
Chugging

-3
wn
o
w
wn
o

16.20 24.60 87.0 118.0

Onset of Chugging
to RPV P4.'
Depressurizaticn

3
)
wn
o
fa
w
o
(S
ESN
[
F‘
o
o

.60 24.60 118.0

N
|
N
E=

]
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Table 2-2.2-2
(Concluded)

Notes:

l. LOCA pressure and temperature transients are contained
in the Hope Creek PULD (Reference 3).

2. Initial pressures and temperatures are assumed to be
0.0 psig and 70°F, respectively.

BPC-01-300-2
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‘ Table 2-2.2-3
MAXIMUM TORUS SHEELL PRESSURES DUE
TO POOL SWELL

{1,2)
Torus Shell Pressure (psi)

o

Location Fﬁ

Peak Download Peak Uploaa
t=0.260 sec t=0.520 sec

Submerged 8.36 3.40
Portion
(3)
Air_pace 0.30 7.74

. Notes:
l. The values shown arec based on the pool swell pressure transients
contained i1n the Hope Creek PULD (Reference 3).

2. Pressures shown include the additional NUREG-0661 pressure margins.
The maximum airspace pressure during pool swell is 21.5 psig.

4. Pool swell torus shell pressure transient has a dominant
frequency of 2.5 Hz.

BPC-01-300-2
Revision 0
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Table 2-2.2-4

DBA CONDENSATION OSCILLATION TORUS

SHELL PRESSURE AMPLITUDES

Frequency Maximun Pressure Amplitude (psi)(l)
Interval
(Hz) Alternate 1| Alternate 2 | Alternate 3| Alternate 4
0 -1 0.29 0.29 0.29 0.25
1 -2 0.25 0.25 0.25 0.28
2 = 3 0.32 0.32 0.32 0.33
3 - 4 0.48 0.48 0.48 0.56
4 - 5 1.86 1.20 0.24 2.71
5 -6 1.05 2.73 0.48 1.17
6 - 7 0.49 0.42 0.99 .97
7 -8 0.59 0.38 0.30 0.47
8 -9 0.59 0.38 0.30 0.34
9 - 10 0.59 0.38 0.30 0.47
10 - 11 0.34 0.79 0.18 0.49
11 - 12 0.15 0.45 0.12 0.38
12 - 13 0.17 0.12 0.11 0.20
13 - 14 0.12 0.08 0.08 0.10
14 - 15 0.06 0.07 0.03 0.11
15 - 16 0.10 n.10 0.02 0.08
16 - 17 0.04 0.04 0.04 0.04
17 - 18 0.04 0.04 0.04 0.05
18 - 19 0.04 0.04 0.04 0.03
19 - 20 0.27 0.27 0.27 0.34
20 - 21 0.2 0.20 0.20 0.23
2l - 22 0.30 0.30 0.30 0.49
22 - 23 0.34 0.34 0.34 0.37
23 - 24 0.33 0.33 0.33 0.21
24 - 25 0.16 0.16 0.16 0.22
BPC-01-300-2
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Table 2-2.2-4
(Concluded)

Frequancy Maximum Pressure Amplitude (psi) (1)
Interval
(Hz) Alternate 1| Alternate 2 | Alternate 3| Alternate 4
25 - 26 0.25 0.25 0.25 0.50
256 = 27 0.58 0.58 0.58 .51
27 - 28 0.13 U. 43 0.13 0.39
28 - 29 0.19 0... 0.19 0.27
29 - 30 0.14 0.14 0.14 0.09
30 - 31 0.08 0.08 0.08 0.08
31 - 32 0.03 0.03 G.03 0.07
32 - 33 0.03 0.03 0.03 0.05
33 - 34 0.03 0.03 0.03 0.04
34 - 35 0.05 0.05 0.05 0.04
35 - 3€ 0.08 0.08 0.08 0.07
36 - 37 0.10 0.10 0.10 0.11
37 - 38 0.07 0.07 0.07 0.06
g - 39 0.06 .06 0.06 0.05
39 - 40 0.09 0.09 0.09 0.03
40 - 41 0.33 0.33 9.33 0.08
41 - 42 0.33 0.33 0.33 0.19
42 - 42 0.33 0.33 0.33 0.19
43 - 44 0.33 0.33 0.33 0.13
44 - 45 0.33 0.33 0.33 0.18
45 - 46 0.33 0.33 0.33 0.30
4¢ - 47 0.33 0.33 0.33 0.18
47 - 48 0.33 0.33 0.33 0.19
48 - 49 0.33 0.33 0.33 0.17
49 - 50 0.33 0.33 8.3 0.21
Note:
1. See Figure 2-2.2-1 for spatial distribution of pressures.
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Table 2=2.2-5

POST-CHUG TORUS SHELL PRESSURE AMPLITUDES

Maximum (1)
Frequency

- Pressure
o Amplitude

(psi)

0 -1 0.04

l -2 0.04

2 - 3 0.05

3 -4 0.05

4 - 5 0.06

5 - 6 0.05

6 - 7 0.10

7 - 8 0.10

8 - 9 0.10

9 - 10 0.10

10 - 11 0.06
11 - 12 0.05
12 - 13 0.03
13 - 14 0.03
14 - 15 0.02
15 - 16 0.02
16 - 17 0.01
17 - 18 0.01
18 - 19 0.01
12 - 20 0.04

20 - 21 0.03
21 - 22 0.05
22 - 23 0.05
23 - 24 0.05
24 - 25 0.04
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Table 2-2.2-5

‘ (Concluded)

Maximum (1)
Frequency Pressure
Interval Amplitude

(Hz) (psi)
25 - 26 0.04

26 - 27 0.28

27 - 28 0.18

28 - 29 0.12

29 - 30 0.09

30 - 31 0.03

31 - 32 0.02

32 - 33 0.02

33 - 34 0.02

34 - 35 0.02
' 35 - 36 0.03
36 - 37 0.05

37 - 38 0.03

38 - 39 0.04

39 - 40 0.04

40 - 41 0.15

41 - 42 0.15

42 - 43 0.15

43 - 44 0,19

44 - 45 0.15

45 - 46 0.15

46 - 47 0.15

47 - 48 0.15

48 - 49 0.15

49 - 50 0.15

: 1 See Figure 2-2.2-1 for spatial distribution

‘ of pressures.
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Table 2-2.2-6

RING BEAM SUBMERGED
STRUCTURE LOAD SUMMARY

: (3)
Maximum Pressure (psi)
Load
Type Mitered (1) : e (2)
Joint Midcyl inder
LOCA Air
Bokbia 1.81 2.84
DBA CO 9.97 9.68
Pre-Chug 2.66 3.99
Post-Chug 38.79 14.27
SRV
discharge 14.48 122.35
Notes:
1. The mitered joint ring beam is divided into 14 segments

for loac determination.

2. The midcylinder ring beam is divided into 11 segments
for load determination.

3. The loads shown include dynamic amplification
factors.

BPC-01-300-2
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Notes:

1. Pressure amplitudes for DBA condensation
oscillation loads shown in Table 2-? 2-4,

2. Pressure amplitudes for post-chug loads shown
in Table 2-2.2-5,

Figure 2-2.2-1

NORMALIZED TORUS SHELL PRESSURE DISTRIBUTION

‘ FOR DBA CONDENSATION OSCILLATION AND POST-CHUG LOADINGS
BPC-01~-300-2
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To € Drywell ‘

FrEray
Ty

Key Diagram

Normalized FPool Acceleraticns ‘
Profile Pool Acceleration (in/sec?)

A 50.0

B 200.0

e 500,0

D 1000.0

E 1500.,0

Pool acce erations due to harmonic
application of torus shell pressures
shown in Figure 2-2.2-1 and the
Alternate 4 amplitudes shown in

Table 2-2.2-4.

Figure 2-2.2-2

POOL ACCELERATION PROFILE FOR DBA CONDENSATION OSCILLATION
TORUS SHELL LOADS AT QUARTER-BAY LOCATION

E
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Key Diagram

Normalized Pool Accelerations
Profile Pool Acceleration (in/sec®)

A 20.0

B 50,0

C 100.0

D 1590,0

o 200.0

£ 400,0

G 600.0

H 800.0
Pool accelerations cue to harmenic
application of torus shell pressures
shown in Figure 2-2.2-1 and the
amplitudes shown in Table 2-2.2-5.

Figure 2-2.2-3

POOL ACCELERATION PROFTILE FOR POST-CHUG TORUS SHELL
LOADS AT QUARTER~BAY LOCATION
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Loading Characteristics

O e e e et e e i T 8 ST

Symmetric Distribution:

Pmax = + 2.0 psi at all bottom dead center

locations
éggmme:ric Distribution:
=+ 2.0 psi in one bay with longitudinal
attenuation shown in Figure 2-2.2-5

Freguencx:
single harmonic in 6.9 to 9.5 Hz range result-
ing in maximum response

Totalgzgtegrated Load:
- Sym Dist: Fvert =152.76 kips per m;:ere; cyl.
32.6 kips total horizontal

max

Asym Dist: R .

Figure 2-2.2-4
CIRCUMFERENTIAL TORUS SHELL PRESSURE DISTRTBUTLON FOR

SYMMETRIC AND ASYMMETRIC PRE-CHUG LOADINGS
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0 hors ™ 270 "1 90 v
\ A /
N / \\ /
2.0+ \ /
——
\
e \
@ \ 180°
o N
o 1:0" ‘\
5 = Key Diagram
@ F i o
v R —
e “1*.‘
N
-1.0
270.0 247.5 225.0 202.5 180.0 157.5 135.0 112.5 90.0
Azimuth (deg)
Note:

l. See Figure 2-2.2-4 for circumferential torus shell pressure
distribution.

Figure 2-2.2-5

LONGITUDINAL TORUS SHELL PRESSURE DISTRIBUTION
FOR ASYMMETRIC PRE-CHUG LOADINGS
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(ps)

Pressure

—

4

Time 'sec)
SHLLL PRESSURE FORCING FUNCTION

ONE VALVE)

=

LOADING CHARACTERISTICS

/,ﬁ’ S Pressure (psi): Longest
7 - -
! Bubble:
>
P = 22.94 P =
¥ 4 . max ‘min
A Shell: One Valve
P \
P 37:.96 P
L) max min
Shell: ALl Valves
= 22. P =
?an 2.94 Pain
Total Appiied loac (k.ps

Ja and 7b -

-~ T A -
case Al.2/C2.<

SRVDL

-

-22.27

Verzical Per Mitered Cy
Multiple Vaive Case 7b:

Downward: ?max s
Upward: r:"n = 17
Load Freguency (Hz)
Range:
6.44 ¢ £, ¢ 15.02

nder =

MITERED JOINT SPATIAL DISTRIBUTION

Figure 2-2.2-6

SRV DISCHARGE TORUS SHELL LOADS FOR CASE Al.2/C3.2
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F :
1108 psi valve /}f horiz.
(typ) yZ
270° - . -90°
.0
180

Key Diagram

30
|
S— e e — 4 W 4 4
| ! |
— —e G NN W I TEEENEIN SRS aeae..
SESIET (SN JEIn—— OIS SISEtgan)) VS| LS (SRSl TG G SIS —
U SIS SN, SSEE TE— S —t oo . S “—T_——-—‘
| {
) . . — "1 ! 1
] ‘ )
l I o SR
1 1 !
1 + 4 +  NE——
! |
1
- _._...f S WENEIm_" SE———
1

TRk, SRRE
| |\

S WSSEDN WS Ch-. S
.‘ | ' — -~

N

|

0 — ; ' 4
180 270 0 90 180

Azimuth (Degrees)

Note:

; . o ; §
1. The 1108 psi valve at azimuth 28+.2§ is assumed not to
actuate to maximize the asymmetric load.

Figure 2-2.2-7

LONGITUDINAL TORUS SHELL PRESSURE DISTRIBUTION
FOR ASYMMETLIC SRV DISCHARCE ACTUATION
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2-2.2.2 Load Combinations

The load categories and associated load cases for which
the suppression chamber is evaluated are presented in
Section 2-2.2.1. The NUREG-0661 criteria for grouping
the recpective loads and load categories into event

combinations are presented in Table 2-2,2-7.

The 27 general event ccmbinations shown 1in Table
2-2.2-7 are expanded to form a total of 107 specific
suppression chamber load combinations for the Normal
Operating, SBA, IBA, and DBA events. The specific load
combinations reflect a greater level of detail than is

contained in the general event combinations, including

distinctions between SBA and IBA, distinctions between
pre-chug and post-chug, distinctions between SRV
actuation cases, and consideration of multiple cases of
particular loadings. The total number of suppression
chamber load combinations consists of 5 for the Normal
Operating event, 36 for the SBA event, 42 for the IBA
event, and 24 for the DBA event. Several different
service level limits and corresponding sets of
allowable stresses are associated with these load

combinations.

BPC-01-300~2
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Not all of the possible suppression chamber load
. combinations are evaluated, since many are enveloped by
others and do not 1lead to controlling suppression
chamber stresses. The enveloping load combinations are
determined by examining the possible suppression
chamber load combinations and comparing the respective
load cases and allowable stresses. The results of this
examination are shown in Table 2-2.2-8, where each
enveloping load combination is assigned a number for

ease of identification.,

The enveloping load combinations are reduced further by
examining relative load magnitudes and individual load
characteristics to determine which 1load combinations
. lead to controlling suppression chamber stresses. The
load combinations which have been found to produce
controlling suppression chamber stresses are separated
into two groups. The IBA TI, IBA III, and DBA 1II
combinations are used tn evaluate the suppression
chamber vertical supports and shell stresses since
these combinations result in the maximum vertical loads
and shel! pressures on the suppression chamber. The
IBA IV combination is used to evaluate the effects of
lateral loads on the suppression chamber near the
horizontal restraints. The reasoring used to conclude

that these are the controlling suppression chamber loud

. BPC~-01-300-2
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combinations is presented 1in the paragraphs which

follow. Table 2-2.2-9 summarizes the controlling load

combinations and identifies which load combinations are

enveloped by each of the controlling combinaticns.

Many of the general event combinations, shown in Table
2-2,.2-7, have the same allowable stresses and are
enveloped by others which contain the same or
additional load cases. No distinction is necessary for
load combinations with Service Level A and B conditions
for the suppression chamber, since the Service Level A |

and B allowable stress values are the same.

Many pairs of load combinatiors contain identical load

cases except for seismic loads. One of the load com-
binations in the pair contains OBE loads and has

Service Level A or B allowables, while the other

the domirant vertical suppression chamber f£frequency,
both the OBE and SSE vertical accelerations, discussed
in Section 2-2.2.1, are small compared to gravity. As
a result, suppression chamber stresses and vertical
support reactions due to vertical seismic loads are
small compared to those caused by other loads in the

i
|
|
|
\
|
contains SSE loads with Service Level C allowables. At
load combination. The horizontal seismic accelerations

BPC-01-300~-2
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for OBE and SSE at the dominant horizontal suppression
. chamber frequency are less than 50% of gravity and also
result in small suppression chamber stresses compared
with thcse caused by other loads in the load
combinations. The Service Level C primary stress
allowables for the load combinations containing SSE
loads are 33% to 75% higher than the Service Level B
allowables for the corresponding load combination
containing OBE loads. It is apparent, therefore, that
the controlling load combinations for evaluating the
suppress i~ chamber are those containing OBE loads and

Service Level B allowables.

As shown in Table 2-2,2-2, the pressures and tempera-
‘ tures associated with the times of an ADS type SRV
actuations are higher than pressures and temperatures
earlier in the SBA and IBA events. Prior to ADS
initiation it is postulatec that multiple valve SRV
actuations will occur, as shown in Figures 2-2,2-8 and
2-2,2-9, As discussed in Section 2-2,2.1, the ADS SRV
actuation Case A2.2 is bounded by multiple valve case
7b-Case Al.2/C3.2. Since the multiple valve case 7b is
conservatively used in lieu of ADS Case A2.2, combina-
tions which include the higher pressures and tempera-
tures associated with the times of ADS initiation will

envelop those combinations with the lower pressures and

' BPC-01-300~2
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temperatures associated with times in the IBA and SBA

events prior to ADS initiation. ‘

Applying the above reasoning to the total number of
suppression chamber load combinations, a reduced number
of enveloping load combinations £for each event Iis
obtained. The resulting suppression chamber load com=-
binations for the Normal Operating, SBA, IBA, and DBA
events are shown 1in Table 2-2.2-8, along with the
associated service level assignments,. For ease of
identification, each load combination in each event is
assigned a number. The reduced number of enveloping
load combinations shown in Table 2-2.2-8 consists of
two for Normal Operating Conditions, three for the SBA
event, four for thr IBA event, and six for the DBA ‘
event. The load case designations for the loads which
comprise the combinations are the same as those pre-

sented in Section 2-2.2.1.

It is evident from an examination of Table 2-2,2-8 that
further reductions in the number of suppression chamber
load combinations requiring evaluation are possible.
Many of the combinations are similar except for
variations in LOCA and SRV loads. In addition, load

combinations which include pool swell loads are bounded

BPC-01-300-2
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by other load combinations as discussed in Section
. 2=2.4. This reasoning is applied to the load
combinations shown in Table 2-2.2-8 to determine the

governing load combinations,

To ensure that fatigue in the suppression chamber is
not a concern over the life of the plant, the combined
effects of fatigue due to Normal Operating plus SBA
events are evaluated. The relative sequencing and
timing of each loading in the SBA, IBA, and DBA events
used in this evaluation are shown in Figures 2-2,2-8,
2-2,2-9, and 2-2.2-10. The fatigue effects for Normal
Operating plus DBA events are enveloped by the Normal
Operating plus SBA events, since combined effects of
. SRV discharge loads anc other loads for the SBA events
are more severe than those of DBA. Since IBA combina-
tions are used to envelop the SBA combinations, the
Normal Operating plus SBA events are evaluated for
fatigue using the stress levels associated with the IBA
events. Additional information used in the supression
chamber fatigue evaluation is summarized at the bottom

of Table 2-2.2-8.

The load combinations and event sequencing described in
the preceding paragraphs envelop those postulated to

occur during an actual LOCA or SRV discharge event. An

. BPC~01-300-2
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evaluation of the above load combinations results in a

conservative estimate of the suppression chamber ‘

responses and leads to bounding values of suppression

chamber stresses and fatigue effects.
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Table 2-2.2-7

MARK I CONTAINMENT EVENT COMBINATIONS

| sav | i
nvi = | o e :g mI::x‘I?:.\‘Ii:mE DBA | DBA + EQ |DBA+SRV| DBA+SRV4EQ
| | 3 1

Earthquake Type o|s o|lsjo|s lols]e s | 01Ss :|s‘ ols :[s
LOADS 1lals]e sle ? 019 10| 11 [12fa3]aafasfae]29] 10]20] 20] 22 )22 |23 u{zs 26|27
Normal X {xfxfxf{x|x|xix{x| x| xix|x{x!x|x|x]x|x x| x| x| x x[[x 2! x
Earthquake x|xt | lxf{x|x|x| | x x{xwixl x{x|x!x xrx x | x

SRV Discharce ¥ x|x i x| x xAr; [x]x| } x| x | x|{x]|x
LOCA Thermal Dx Pl ] o f x [l x [l xluiulnl x| x Inxlxlxlx
LOCA Reactions I x dx et dx ) x| x ixfxlxixixxlxlxlx!x) x| x|x]|x xiv
:.oc?:t.?:;;suuc ’xgxix X xix X xLx X xgx x| x| x|x x!x:x X xix X | x

LOCA Pool Swell , [ |x x1x] | |x x{x| |
uﬁ;ﬁﬁ::ﬁ“ : X xix X x| x X x| x X X | x
LOCA Chugging x | x| % ¥ x| x X x| x| 3 x | x

Note:

1. See Section 1-3.2 for additional event combination information.
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. Table 2-2.2-8

(Concluded)

Notes:

1. See Table 2-2.2-2 for SBA, IBA, and DBA internal pressure
values.

2. The range of normal operating internal pressures is 0.0
to 2.0 psi as specified by the FSAR.

3. See Table 2-2.2-2 for SBA, IBA, and DBA temperature values.

4. The range of normal operating temperatures is 50.0 to
150.0°F as specified by the FSAR.

5. The SRV discharge lcads which occur during this phase of
the DBA event have a neglicible effect on the suppression
chamber.

6. Evaluvation of secondary stress range and fatigue not required.
When evaluating torus shell stresses, the value of £ may
. be increased by the dynamic load factor derived from'C
the analytical model.

7. The number of seismic load cycles used for fatigue is 600.
8. The values shown are conservative estimates of the number
of actuations expected for a BWR 4 plant with a reactor

vessel diameter of 251 inches equipped with low-low set
loaic.
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Table 2-2.2-9 I

ENVELOPING LOGIC FOR CONTROLLING
SUPPRESSION CHAMEER LOAD COMBINATIONS

Condition / Event NOC SBA IPA | DBA
| 50| 35|
Table 2-2.2-7 Load 2 | 2| 14)24]24]24] 24|24 |24 |i8|20|25] 272727
Combination Number ‘ | !
3= | 3= |3- |3 |3~ | 3 |3~ | ‘ 1921,{21,}21,
Tabie 3-2.2.7 Leosd 1 {1 |13,|13,]23, (23,23, |23, |13,| 26 (47} 22423,123,123,
Combi.ations Enveloped 15 115 |15 lis 15 11 e | 24 |26 |26 |26
5 15 I
'R
Valwes : Load : lex! ol zxlezz) s | zx| 22z ov] 2 |2z |22 2v| v | W2
Combination Designation | ‘
2 ? i |
3 IBA IT |X [ X | X |X X X ﬁ X |
= ‘
- Vertical ! '
z Support ! | :
€. | Loads and X X x | | x
3% |Torus sneil | 1BA 11 ' ‘
?,E Pressures ‘ '
23 T
>
@ DBA II X ’
c | |
- .
-t : |
2 ] ;
z Lateral v Ix lx lg 12tz IxIx 2 1 | « | it a1 %
S S aads 1BA Iv | X ; TS
] .
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SECTION 2-2.2.1 LOAD DESIGNATION

(la,lb) DEAD WEIGHT
(2a,2b) SEISMIC LOADS
(3b,34) CONTAINMENT PRESSURE AND TEMPEPATURE LOADS

(fa=6d) CHUGGING LOADS

———————————————— =
(7b=-7d) SPV DISCHARGE LOADS
(MULT VALVE CASE Al.2/C3.2)] SEE NOTE 1

|

‘ SRV DISCHARGE LOAD

I (ADS VALVE CASE A2.2)
(8a) CONTAINMENT INTERACTION LOADS

|

|

300. 600. 1200.

'IME AFTER LOCA (sec)

Note:

SRV multiple valve case Al.2/C3.2 envelops SRV ADS valve
case A2.2.

Figure 2-2.2-8

SUPPRESSION CHAMBER SBA EVENT SEQUENCE
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(la,lb) DEAD WEIGHT

=

S |(2a,2b) SEISMIC LOADS

—

<<

=

%

2 1(3b,3d) CONTAINMENT PRESSURE AND TEMPERATURE LOADS

<

- |

s (5b,5d) CONDENSATION . 5 e

: DSCILLATION LOADS: (62-6d) CHUGGING LOADS
~

. |

s | I

|

o~ i |

= R I e N s ¢ e . ‘ ‘
< (7b=7d4) SRV DISCHARGE LOADS SEE NOTE 1

& | (MULT VALVE CASE Al.2/C3.2) | _ " oeea f
= | '

—

w0

| SRV DISCHARGE LOADS
| (ADS VALVE CASE A2.2)
|

(8a) CONTAINMENT INTERACTION LOADS

T L
— - s S— 4 BT A SV

0. - 8 300. 500.

TIME AFTER LOCA (sec)
Note:

1. SRV multiple valve case Al.2/C3.2 envelops SRV ADS valve
case A2.2.

Figure 2-2.2-9

SUPPRESSION CHAMBEP IBA EVENT SEQUENCE

&
hutech
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(la,lb)

DEAD VEIGHT

(28,2b) SEISMIC LOADS
=
A
E fevssssnsessans
G SEE NOTE 1 (3b) CONTAINMENT PRESSURE LOADS
77 i e e )
E \
. (3d) CONTAINMENT TEMPERATURE LOADS
= )
R, (4a,4b) POOL
o SWELL LOADS
|
g | | (5a,5¢) CO LOADS
: | [
s | O i
% : S (6a=-64d)
, ¢ CHUGGING LOADS
1

(7a,7d) SRV DIS

e S e ——

LOAD (SINGLE VALVH SEE NOTE 2
CASE Al.1/Aal1.3) _ - il
I ey T eSS e T T
) | 1
(8a) CONTAINMENT INTERACTION LOADS
‘ ] : ] 1 .
0.1 1:8 5.0 39.0 65.0
TIME AFTER LOCA (sec)
Notes:

1. The effects of internal nressure loads are included in pool
swell torus shell loads.

2. The SRV discharge loads which occur during this phase of the

DBA ever: are negligible.
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2-2,.3 Analysis Acceptance Criteria

The acceptance criteria defined in NUREG-0661 on which
the Hope Cresk suppression chamber analysis is based
are discu =ed in Section 1-3,2, In general, the
acceptance criteria follows the rules contained in the
ASME Code, Section III, Division 1 including the Summer
1977 Addenda for Class ®C components and component
supports (Reference 6). The corresponding service
limit assignments, jurisdictional boundaries, allowable
stresses, and fatigue reguirements are consistent with
those contained in the applicable subsections of the
ASME Code and the Mark I Containment Program Structural
Acceptance Criteria Plant Unique Analysis Application
Guide (PUAAG) (Reference 5). The acceptance criteria ‘
used in the analysis of ths suppression chamber are

summarized in the paragraphs which follow.

The items examined in the analysis of the suppression
chamber include the suppression chamber shell, mitered
joint and midcylinder ring beams, and the suppression
chamber horizontal and vertical support systems. The
specific component parts associated with each of these
items are identified in Figures 2-2.i-1 through

2=-2,1~-13.
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‘ The suppression chamber shell and ring beam are
evaluated in accordance with the reguirements for Class
MC components contained in Subsection NE of the ASGME
Code. Fillet welds and partial penetration welds in
which one or both of the joined parts include the
suppression chamber shell or ring beams are also
evaluated i: accordance with the requirements for Class
MC component attachment welds contained in Subsection

NE of the ASME Code.

The suppression chamber columns, column connections,
and associated component parts and welds are evaluated
in accordance with the requirements for Class MC
‘ component supports contained in Subsection NF of the

ASME Code.

As shown in Table 2-2,2-8, the IBA II, IBA III, IBA IV,
and DBA II combinations all have Service Level B
limits. Since these load combirnations have somewhat
different maximum temperatures, the allowable stresses
are conservatively determined at the highest tempera-
ture of the four load combinations. The allowable
stresses for each component of the suppression chamber

and the vertical support system are determined at the

maximum IBA temperature of 167°F, The allowable
. BPC-01-300-2
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scresses for the vertical support column base plate
assemblies are also determined at 167°F. The resulting
allowable stresses for the load combinations with

Service Level B limits are shown in Table 2-2.3-1.

The bearing stresses in the grout and reactor building
basemat in the vicinity of the column base plates are
evaluated in accordance with the requirements of the

ACI Code (Reference 7).

The allowable loads on the suppression chamber
horizontal restraints are taken “rom the FSAR as
permitted by NUREG-0661 in cases where the analysis
technique used in the evaluation is the same as that
contained in %the plant's FSAR. The allowable
horizontal restraint load for Service Level B
conditions is 642 kips per  Thorizontal testraint
assembly in a direction parallel to the longitudinal
centerline of the mitered cylinder. The suppression
chamber shell, in the vicinity of the horizontal
restraints, is evaluated in accordance with the
reguirements for Class MC components previously

discussed.
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Table 2-2.3-1

ALLOWABLE STRESSES FOR SUPPRESSION CHAMBER

COMPONENTS AND SUPPORTS

(1) ,
Material Allowable

Item Material Properties Ssiezs Stress
(ksi) i (ks1)

OMPONENTS

e 19.30 |Primary Membrane 19.30
SA-516 s = 23.15 Local Primary 28.95
Shell Rl= Tees Membrane
" ST 3 o imary + (3) o
G 0 s = 35.52 | Pr%rar‘F 3 69.45
y Secondary Stress
Range
= Q
Smc 19.30 Primary Membrane 19.30
Ring SA=516 S 1= 23.15 ]| Local Primary 28.95
Beam ac. 10 " Membrane ;
L s S = 35.52 Primary + (3) P

£ Secondary Stress

Ranage

SUPPORT

_*
(4) Membrane 34.00

m

Cclumn SA-537 S :
et e, 3 y = 56.65 | pytreme Fiber 42.49
Tensile 34.00
Compressive 32.15
S5A-537 :
& & Net Section &
s c = 4 - /
Column ) S, 56.65 nensile 25.49
CL . 2 -
Pullout Shear 22.66
Bearing 51.00
BPC-01-300-2
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Table 2-2.3-1
(Concluded)
P 3 e i m
\ &)
Material Allowable
: : Stress ce
Item Material |Properties Stress
. . Tvpe ¢
(ksi) i (ksi)
WELDS J+

D -
rrimary

to Sheil

, SA-516 mc 4
Ring Beam
to Shell Gr. 70 oy 35.52 Secondary 45.03
Column SA=-516 Smc= 19.30 Primary 15.01
Connection -

Notes:

l. Material properties taken at maximum event temperature of
167°F.

2. Allowables shown correspond to Service Level stress limits.

3. Thermal bending stresses may be e:cluded when comparing

primary-plus-secondary stress range values to allowables.

4. Stresses due to thermal loads may be excluded when evaluating

comnonents

BFC-01-300-2
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2=2.4 Method of Analysis

The governing loads for which the Hope Creek suppres-
sion chamber 1is evaluated are presented in Section
2=2.2.1. The methodology used to evaluate the
suppression chamber for the effects of all loads,
except those which result in lateral loads on the
suppression chamber, is discussed in Section 2-2.4.1.
The methodology wused to evaluate the suppression
chamber for the effects of lateral loads is discussed

in Section 2-2.4.2.

The methodology wused to formulate results tor the
controlling load combinations, examine fatigue effects,
and evaluate the analysis results for comparison with ‘
the applicable acceptance 1limits is discussed in

BPC-01-300-2
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2-2.401

Analysis for Major Loads

The repetitive nature of the suppression chamber
geometry is such that the suppression chamber can be
divided into 16 identical segments which exterd from
midbay of the vent line bay to midbay of the non-vent
line bay, as shown in Figure 2-2.1-1. The suppression
chamber can be further divided into 32 identical
segments extending from the mitered joint to midbay,
provided the offset mitered joint ring beam and support
columns are assumed to lie in the plane of the mitered
joint. The effects of the mitered joint ring beam and
support columns offset are considered to have a
negligible effect on the suppression chamber
response. The analysis of the suppression chamber,

therefore, is performed for a typical 1/32nd segment.

A finite element model of a 1/32nd segment of the sup-
pression chamber, as shown in Figure 2-2.4-1, is used
to obtain the suppression chamber response to all loads
except those resulting in lateral loads on the suppres-
sion chamber. The analytical model includes Lhe
suppression chamber sheil, the mitered joint ring beam

with cover plates, the extended midcylinder ring beam,

BPC-01-300-2
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the column connections and associated column members,

and miscellaneous internal and external stiffener

plates.

The analytical model is comprised of 962 nodes, 113
beam elements, and 1283 plate bending and stretching
elements., The suppression chamber shell has a circum=-
ferential nocde spacing of 9° at quarter-bay with
additional mesh refinement near discontinuities to
facilitate examination of local stresses. Additional
refinement is also included in modeling of the ring
heams and column connections at locations where locally
higher stresses occur. Small displacement linear-

elastic behavior is assumed throughout.

The analytical model used for the suppression chamber
stress analysis includes a corrosion allowance of 1/8
inch subtracted from the nominal thicknesses of the
tcrus shell and ring beams, in accordance with the
original design requirements contained .n the plant's
FSAR, The mass densities used in this corroded model
are adjusted to account for the weight of <the
suppression chamber with nominal material thicknesses

as shown in Figures 2-2.1-1 through 2-2,1-12,

BPC-01-~300~2
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The boundary conditions used in the analytical model
. are both physical and mathematical in nature. The
physical boundary conditions consist of vertical
restraints at each column base plate location. As pre-
viously discussed, the vertical support columns are
pinned top and bottom to permit movement of the
suppression chamber in the horizontal direction. The
mathematical boundary conditions consist of either
symmetry or anti-symmetry at the mitered joint and mid-
cylinder planes, depending on the characteristice of

the load being evaluated,

The stiffness effects of the vent system on the
suppression chamber are included in the analytical
‘ model by means of a coupled stiffness matrix. The
matrix mathematically simulates the coupling effects
provided by the vent system at the column and upper
truss attachment locations. The mass of the vent
system is not included in the analytical model as it is
small compared to the mass of the suppression chamber

and will have a negligible effect on the analysis.

When computing the response of the suppression chamber
tc dynamic loadings, the fluid-structure interaction

effects of the suppression chamber shell and contained

fluid (water) are considered. This is accomplished
. BPC-01~300-2
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through use of a finite element model of the fluid

shown in Figure 2-2.4-2. The analytical fluid model is
used to develop a coupled mass matrix which is added to
the submerged nodes of the suppression chamber
analytical model to represent the fluid. A water
volume corresponding to a water level 11-1/4" beluw the
suppression chamber horizontal centerline is used in
this calculatinn. This is the maximum water volume
expected during normal oprrating conditions.
Additional fluid mass is lumped along the length of the
ring beams to account for the effective mass of water
which acts with these structures during dynamic

loadings.

A frequency analysis is performed and all structural

modes in the range of 0-35 hertz are extracted. The
resulting frequencies and vertical modal weights are
shown in Table 2-2.4-1. It is evident from the table
that the lowest suppression chamber frequency occurs at
about 15.12 hertz, which is above the dominant

frequencies of most major hydrodynamic loadings.

Nominal (uncorroded) material thicknesses are used for
torus attached piping (TAP) suppression chamber motion
generation documented in PUAR Volume 6. The use of

nominal material thicknesses to generate TAP motions is

BPC-01-300~-2
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justified since corrosion of the torus shell and r.ng
beams is expected to be highly localized. While this
may effect stresses in the torus shell and ring beams,
the overall stiffness of the suppression chambe:, and
therefore displacements, will remain generally

unaffected.

A dynamic analysis is performed for each of the hydro-
dynamic torus shell load cases as specified in Section
2-2.2.1 using the analytical model of the suppression
chamber. The analysis consists of either a transient
or a harmonic analysis, depending on the character-
istics of the (nrus shell load being considered. The
modal superposition technique with 2% damping is

utilized in both transient and harmonic analyses.

The remaining suppression chamber load cases specified
in Section 2-2.2.1 involve either static 1loads or
dynamic loads which are evaluated using an equivalent
static approach. For the latter, conservative dynamic
amplification factors are developed and applied to the
maximum spatial distributions of the individual dynamic

loadings.
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The

categories

specific treatment of each 1load 1in the load

identified in Section 2-2.2.1 is discussed

in the paragraphs which follow:

1.

2.

BPC-01-300-2

Revision

0

Dead Weight Loads

Dead Weight of Steel: A static analysis is
performed for a unit vertical acceleration
applied to the weight of suppression chamber

steel.

Dead Weight of Water: A static analysis is
performed for hydrostatic pressures applied
to the submerged portion of the suppression

chamber shell.

Seismic Loads

OBE Loads: A static analysis is performed
for a vertical acceleration applied to the
combined weight of suppression chamber steel
and water. The vertical accelieration used in
the analysis is obtained from the original
design basis documented in the plant's FSAR
at the lowest suppression chamber vertical

frequency of 15.12 hertz. The effects of

2-2.88
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horizontal OBE accelerations are evaluated in

‘ Section 2-2.4.2.

b. SSE Loads: As discussed in Section 2-2,2.2,
load combinations with OBE loads envelop
combinations containing SSE loads. Therefore
SSE loads are not evaluated for the suppres-

sion chamber.
3. Containment Pressure and Temperature

a. Normal Operating Internal Pressure: A static

analysis is performed for a 2.0 psi internal

pressure, uniformly applied to the
. suppression chamber shell.
b. LOCA Internal Pressure Loads: A static

analysis is performed for the maximum of the
SBA, IBA, and DBA internal pressures, shown
in Table 2-2.2-2, This pressure is uniformly

applied to the suppression chamber shell.

C, ttormal Operating Temperature Loads: A static
analysis is performed for a 150°F temperature
uniformly applied to the suppression chamber

shell and ring beams. The column connections

‘ BPC-01-300-2
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and coclumn members are assumed to remain at

the ambient temperature. ‘

d. LOCA Temperature Loads: A static analysis is
performed for the maximum of the SBA, IBA,
and DBA temperatures, uniformly applied to
the suppression chamber shell and ring
beams. the SBA, IBA, and DBA event
temperatures shown in Table 2-2.2-2 are
applied at selected times during each
event. The column connections and column
members are assumed to remain at the ambient

temperature.

4, Pool Swell Loads ‘

a. Pool Swell Torus Shell Loads: The maximum
suppression chamber shell pressures due to
pool swell are shown in Table 2-2.2-3, Table
2-2.4-2 summarizes results of the analysis of
the suppression chamber for major LOCA and
SRV 1loading conditions. These loads are
combined into loading combinations and the
results are presented in Table 2-2.4-3, As
can be seen by examining Table 2-2,4-3, the

DBA pool swell combination with Service Level

nutech
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B allowables is enveloped by other SBA, IBA,
‘ and DBA combinations with Service Level B
allowables., The DBA pool swell plus single
valve SRV case has Service Level =
allowables. The Service Level C primary
stress allowables are 33% to 75% higher than
the Service Level B primary stress
allowables, It is apparent by examining
Table 2-2.4-3 that the load combinations w.th
Service Level B allowables are more severe
than the combinations with pool swell loads
and Service Level C allowables. Therefore
pool swell loads are not evaluated further in

the suppression chamber analysis.

b. LOCA Air Clearing Submerged Structure Loads:
As discussed in Section 2-2.2.1, this load is
enve loped by other submerged structure
loadings and is therefore not evaluated in

the suppression chamber analysis.
S. Condensation Oscillation Loads

a. DBA Condensation Oscillation Torus Shell
Loads: A dynamic analysis is performed for

the four condensation oscillation load alter-

‘ BPC~-01-300-2
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nates shown in Table 2-2.2-4 for frequencies
up to 35 hertz. A typical response obtained .
from the suppression chamber harmonic
analysis for the normalized spatial distri-
bution of pressures shown in Figure 2-2,2-1
is provided in Figure 2-2.4-3, During
harronic summation, the amplitudes for each
condensation oscillation load frequency
interval are conservatively applied to the
maximum response amplitudes obtained from the
suppression chamber harmonic analysis results
in the same frequency interval. For frequen-
cies between 35 and 50 hertz, the pressure
amplitudes shown in Table 2-2.2-4 are summed
absolutely and analyzed statically using the '
pressure distribution shown in Figure
2-2,2~1. As can be seen from the harmonic
analysis results shown in Figure 2-2.4-3,
dynamic amplification is negligible in the 35

to 50 hertz range.

b. IBA Condensation Oscillation Torus Shell
Loads: As previously discussed, pre-chug
loads described in load case 6a are specified
in lieu of 1IBA condensation oscillation

loads.
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DBA Condensation Oscillation Submerged
Structure Loads: An eguivalent static
analysis is performed for the ring beam DBA
condensation oscillation submerged structure
loads shown in Table 2-2.2-6. The values of
the loads shown include dynamic amplification
factors which are computed using first
principles and the dominant frequencies of
the ring beams. The dominant lateral
frequencies are derived from manual calcula-
tions using a Rayleigh-Ritz approach. The
lateral frequencies used in the response
calculations are 39.23 hertz for the mitered
joint ring beam and 35.86 hertz for the
midcylinder ring beam. The vertical

freguency of the ring beams is 15.12 hertz.

IBA Condensation Oscillation Submerged
Structure Loads: As previdusly discussed,
pre-chug loads described in load case 6c are
specified in lieu of IBA :ondensation

oscillation loads.

2-2.93
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6. Chugging Loads

a. Pre-Chug Torus Shell Loads: A dynamic
analysis is performed for the symmetric pre-
chug loads shown in Figure 2-2,2-4, It is
evident from the harmonic analysis results
shown 1in Figure 2-2.4-3 that the maximum
suppression chamber response in the 6.9 to
2.5 hertz range occurs at the maximum pre-
chug 1load frequency of 9.5 hertz,. The
effects of lateral loads caused by asymmetric

pre-chug are examined in Section 2-2.4.2.

b. Post-Chug Torus Shell Loads: A dynamic
analysis is performed for the loads shown in ‘
Table 2-2.2-5 for frequencies up to 35
hertz. Typical responses obtained from the
suppression chamber harmonic analyses for the
normalized spatial distribution of pressures
shown in Figure 2-2.2-1 are provided in
Figure 2-2.4-3. During harmonic summa*ion,
the amplitudes for each post-chug load
frequency interval are conservatively applied
to the maximum response amplitudes obtained
from the suppression chamber harmonic

analysis results in the same frequency
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interval. For frequencies frcm 35 to 50
hertz, the pressure amplitudes shown in Table
2-2.2-5 are summed and analyzed statically
using the pressure distribution shown in
Figure 2-2.2-1, As can be seen from the
harmonic analysis results presented in Figure
2-2,4-3, dynamic amplification is negligible

in the 35 to 50 hertz range.

Pre~-Chug Submerged Structure Lecads: As
discussed in Section 2-2,2.1, post-chug
submerged structure loads (6d4d) are used in

lieu of pre-chug submerged structure loads.

Post-Chug Submerged Structure Loads: An
equivalent static analysis is performed for
the ring beam submerged structure loads shown
in Table 2-2.2-6. The values of the loads
shown include dynamic amplification factors
which are computed using first principles and
the dominant frequencies of the ring beams as

discussed in load case 5c.
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7.

BPC-01-300~-2
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Safety Relief Valve Discharge Loads

a-c.

SRV Discharge Torus Shell Loads: A dynamic
analysis is performed for SRV discharge torus
shell load 7b-Case Al.2/C3.2 shown in Figure
2=2,2-7, Several frequencies within the
range of the SRV discharge load freguencies
specified for each case are evaluated to
determine the maximum suppression chamber
response. The effects of lateral loads on
the suppression chamber caused by SRV dis-
charge load 7c-Case Al.2/C3.2 are evaluated
in Section 2-2.4.2., As discussed in Section
2-2.2.2, SRV discharge load 7b-Case Al.2/C3.2

envelopes the remaining SRV discharge cases.

The suppression chamber analytical model used
in the analysis is calibrated wusing the
methodology discussed in Section 1-4,.2.3.
The methodology involves use of modal
correction factors which are applied to the
response associated with each suppression
chamber frequency. The resulting correction
factors used in evaluating the effects of SRV
discharge torus shell 1loads are shown in

2=2.96
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d. SRV Discharge Air Clearing Submerged
Structure Loads: An equivalent static
analysis is performed for the ring beain SRV
discharge drag lcads shown in Table 2-2.2-6.
The values of the loads shown include dynamic
amplification factors derived wusing the

methodology discussed in Section 1-4.2.4,

8. Containment Interaction Loads

a. Containment Structures Reaction Loads: An
equivalent static analysis is performed for
the vent system support column, vent system
upper truss, and T-quencher and T-quencher
support reaction loads taken from the evalua-
tion of these components discussed in Volumes

3 and 5 of this report.

The methodology described in the preceding paragraphs
results in a conservative evaluaticn of the suppression
chamber response and associated stresses for the
governing loads. Use of the analysis results obtained
by applying this m2thodology leads to a conservative

evaluation of the suppression chamber design margins.
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Table 2-2.a-1

SUPPRESSION CHAMBER FREQUENCY ANALYSIS RESULTS '
Freguency ert}cal
(Hz) »Mocal
Weight (1lb)
1 64339.4
2 16.94 97320.2
3 21.18 4750.4
4 21.92 2542.2
5 23.87 13872.1
6 24.92 1220.2
7 25.3 7082.2
8 25.82 4007.5
9 27.7 25772.0
10 29.07 17550.2
11 29.44 12230.1
12 30.26 6.9
13 30.88 17465.8 ‘
1 31.23 2.8
15 31.89 14743.8
16 33.31 2808.7
7 34.01 1083.6
18 34.71 124.0
19 35,54 2000.9

BPC-01-300-2
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Table

2=2.4-2

TORUS SHELL LOADS ANALYSIS RESULTS

USED TO ENVELOP POOL SWELL LOADS

Single | Multiple < (1)
Item SRV SRV | Pre-Chug ggig Dgé 28211
Discharge| Discharge s Y
Torus Shell BDC 5.64 8.33 0.71 | 1.20 | 4.12| 4.32
Membrane '
Stress at -
J Outside
Quarter Bay | poiator 3.38 4.78 0.37 | 0.66 2.23] 5.18
(ksi)
Total
Vertical Upward |1989.93 | 2732.90 214.45 B12.58 [1181.46| 536.72
Reaction
Per Mitered
Cylinder |Downward |1738.39 | 2619.17 214.45 B12.58 [1181.46| 1202.27
(kips)
Note:

l. Results taken from

BPC-01-300-2
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analysis documented in Section 3-2.4.
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Table 2-2.4-3

LOAD COMBINATION RESULTS USED TO ENVELOP ‘
POOL SWELL TORUS SHELL LOADS ‘%’

P S S . T RS T, S A TR e A o OV PN i A

”
Chugging Poolswell
Item + DBA - Poolswell
Multiple Co Single
SRV SRV
Torus Shell BDC 9.53 4.12 9.96 4.32
Membrane
Stress at
Quarter Bay _
(ksi) Qutside 5.44 2.23 8.56 5.18
Egquator
-
Total Vertical . "
Reaction Upward 3045.48 1181.46 2526.65 236.74
Per Mitered
Cylinder
(kips) Downward 2931.75 | 1181.46 | 2940.66 | 1202.27
Se;v;ce Containment B B C B
Limit
Note:
1. Values shown are obtained by combining the individual load results
presented in Table 2-2.4-2.
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Figure 2-2.4-1

SUPPRESSION CHAMBER 1/32 SEGMENT FINITE

ELEMENT MODEL -~ ISOMETRIC VIEW
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Column Vertical Displacement (inches)

Suppression Chamber Critical Frequencies:

Corroded Thickness: f-r= 15.12 Hz

-

Nominal Thickness: fcr= 16.00 Hz
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1. See Figure 2-2.2-1 for spatial distribution of loading.

Figure 2-2.4-3

SUPPRESSION CHAMBER HARMONIC ANALYSIS RESULTS
FOR NORMALIZED HYDROSTATIC LOAD
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.
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1 0 0. 0
B i B
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Figure 2-2.4-4

MODAL CORRECTION FACTORS USED FCOR ANALYSIS OF

SRV DISCHARGE TORUS SHELL LOADS
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2-2.4.2

Analysis for Lateral Loads

In addition to vertical loads, a few of the governing
loads acting on the suppression chamber result in net
lateral loads on the suppression chamber, as discussed
in Section 2=-2,2.1, These lateral loads are
transferred to the drywell shielid wall by the

horizontal restraints described in Section 2-2.1.

The general methodology used to evaluate the effects of
lateral loads consists of establishing an upper bound
value of the lateral load for each applicable load
case. The results for each load case are then grouped
in accordance with the controlling load combination
described in Section 2-2.2.2, and the maximum total
lateral load acting on the suppression chamber |is

determined.

The maximum total lateral load 1is conservatively
assumed to be aligned about a principal suppression
chamber azimuth as shown in Figure 2-2,1-1, and
distributed sinusoidally among the 16 horizontal
restraint assemblies in a manner similar ¢to the
approach documented in the plant's FSAR. Once the

maximum seismic restraint load is known, this value is

BPC-01-300-2
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compared with the allowable horizontal restraint load

contained in Section 2-2.3.

Loads on the horizontal restraints result in a shear
force and bending moment acting on the suppression
chamber shell due to the eccentricity of the seismic
restraint pin with respect to the shell middle
surface. The effects of these shears and moments on
the suppression chamber shell are evaluated by ratioing
the shell stress analysis results documented in the
plant's FSAR. The resulting shell stresses are then
combined with the other 1loads contained in the
controlling load combination being evaluated, and the

shell stresses in the vicinity of the seismic

restraints are determined.

The magnitudes and characteristics of the governing
loads which result in lateral loads on the suppression
chamber are presented and discussed in Section 2-2.2.1.
The specific treatment of each load which results in
lateral loads on the suppression chamber is discussed

in the paragraphs which follow:
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b Seismic Loads

a. OBE Loads: The total lateral load due to OBE
loads and the corresponding maximum load on a
horizontal restraint member pair is obtained
using the methodology contained in the
original design basis documented in the
plant's FSAR. The horizontal acceleration at
the dominant suppression chamber horizontal
frequency of 12.15 hertz is applied to the
combined mass of the suppression chamber and
the 20% of the water mass acting with the
suppression chamber. The zero-period
acceleration (ZPA) is conservatively applied

‘ to the remainming 80% of the water mass which

is acting in low frequency sloshing. These

two effects are combined to determine the
total OBE lateral 1load on the suppression
chamber. The resulting loads are shown in

Table 2-2.5-6.

b. SSE Loads: As discussed in Section 2-2.2.2,
load combinations with OBE loads envelop
combinations with SSE loads. Therefore SSE
loads are not evaluated for the suppression

chamber.

‘ BPC-01-300-2
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6.

7.

BPC-01-300-2
Revision 0

Chugging Loads

Pre=Chug Torus Shell Loads: The spatial
distribution of asymmetric pre-chug
pressures, shown in Figures 2-2,2-4 and
2-2.2-5, is integrated and the total lateral
load is dJdetermined. A dynamic amplification
factor is computed using first principles and
the maximum pre-chug load frequency of 9.5
hertz. The dynamic amplification factor is
based on the dominant horizontal suppression
chamber frequency of 12.15 hertz obtained
from the original design basis described in

the plant's FSAR.

Safety Relief Valve Discharge Loads

SRV Discharge Torus Shell Loads: The
longitudinal distribution of pres:- _es for
the SRV discharge 7c¢c-Case Al.2/C3.2, shown in
Figure 2-2.2-8, and the appropriate circum-
ferential pressure distribution, similar to
the one shown in Figure 2-2,2-6, are
integrated and the total lateral 1load is

deter-mined. A dynamic amplification factor

"=-2.,108
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is determined based on the deminant
‘ horizontal <cuppression chamber frequency of
12.15 hertz, obtained from the original
design basis described in the plant's FSAR,
and the most critical SRV load frequency. A
modal correction factor is applied to the
response associated with the dominant
suppression chamber horizontal frequency and
the most critical SRV lcad frequency. The
modal correction factor used i; obtained from

the graph in Figure 2-2,4-4,

Use of the methodology described in the preceding
paragraphs results in a conservative evaluation of
. suppression chamber shell stresses due tc the governing
loads which result in lateral loads on the suppression

chamber.

‘ BPC~01-300-2
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2-2.4.3 Methods for Evaluating Analysis Results

The methodology discussed 1in Sections 2-2.4.1 and
2-2.4.2 is used to determine element forces and stress
components in the suppression chamber component
parts. The methodology used to evaluate the analysis
results, determine the controlling stresses in the
suppression chamber compon2nts and component supports,
and examine fatigue effects is discussed in the para-

graphs which follow.

Membrane and extreme fiber stress intensities are
computed when the analysis results for the suppression
chamber Class MC components are evaluated. The values
of the membrane stress intensities away from discontin- ‘
uities are compared with the primary membrane stress
allowables contained in Table 2-2.3-1. The values of
membrane stress intensities near discontinuities are
compared'with local primary membrane stress allowables
contained in Table 2-2,3-1. Primary stresses in sup-
pression chamber Class MC component welds are computed
using the maximum principal stress or resultant force
acting on the associated weld throat. The results are
compared to the primary weld stress allowables
contained in Table 2-2.3-1. Secondary weld stresses

are computed using the same approach, and include the

BPC~-01-300-2
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effects of thermal loads. The results are compared to
‘ the secondary weld stress allowables contained in Table

2-2. 3-10

Many of the loads contained in each of the controlling
load combinations are dynamic loads resulting in
stresses which cycle with time and are partially or
fully reversible. The maximum stress intensity range
for all suppression chamber Class MC components 1is
calculated using the maximum values of the extreme
fiber stress differences which occur near
discontinuities. These values are compared with
secondary stress range allowables contained in Table

2=2.3~1.

Stresses 1in suppression chamber Class MC component
support welds are computed using the maximum resultant
force acting on the associated weld throat. The
results are compared to the weld stress limits

discussed in Section 2-2.3.

The controlling suppression chamber load combinations
which are evaluated are defined in Section 2-2,2.2.
During load combination formulation, the maximum stress
components in a particular suppression chamber

component part at a given location are combined for the

. BPC-01-300-2
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individual 1loads ccntained in each combination. The

stress components for dynamic loadings are combined so ‘

as to obtain the maximum : tress intensity.

For evaluating fatigue effects in the suppression
chamber Class MC <components and associated welds,
extreme fiber alternating stress intensity histograms
for each load in each event or combination cf events
are determined. Stress intensity histograms are
developed for the suppression chamber c¢omponents and
welds with the highest st.ess intensity ranges.
Fatigue strength reduction factors of 2.0 for major
component stresses and 4.0 for component weld stresses
are conservatively used. For each combination of
events, a load combination stress intensity histogram .
is formulated and the corresponding fatigue usage
factors are determined using the curve shown in Figure
2-2.4-5, The usage factors for each event are then

summed to obtain the total fatigue usage.

Use of the methodology described above results in 2
conservative evaluation of the suppression chamber

design margins.
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2=2.5 Analysis Results and Conclusions

The geometry, loads and load combinationeg, acceptance
criteria, and analysis methods used in the evaluation
of the Hope Creek suppression chamber are presented and
discussed in the preceding sections. The results and
conclusions derived from the evaluation of the
suppression chamber are presented in the paragraphs and

sections which follow.

The maximum suppression chamber shell stresses are
shown in Table 2-2.5-1 for each of the governing
loads. The corresponding loads for the suppression
chamber vertical supports are shown in Table 2-2,5-2.
The transient responses of the suppression chamber for ’
multiple wvalve SRV discharge torus shell 1loads,
expressed in terms of total vertical load at the
mitered joint and total vertical load at midcylinder,

are shown in Figures 2-2,5-1 and 2-2.,5-2, resnectively.

The maximum suppression chamber shell stresses adjacent
to the horizeontal restraints are presented in Table
2-2.5-5 fcor each of the governing loads resulting in
lateral loads on the suppression chamber. The
corresponding reaction loads on the suppression chambe-

horizontal restraints are shown in Table 2-2.5-7.

&
nutech
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The maximum stresses and associated design margins
for the major suppression chamber components and welds
are shown in Table 2-2.5-3 for the IBA II, IBA III, and
DBA II load combinations. The maximum loads for the
suppression chamber vertical support columns for the
same load combinations are shown in Table 2-2.5-4. The
maximum suppression chamber horizontal restraint
reactions and associated shell stresses adjacent to the
seismic restraints are shown in Table 2-2,.,5-7 for the

IBA 1V combination.

The fatigue usage factors for the controlling suppres-
sion chamber component and weld are shown in Table
2-2.5-8. These wusage factors are obtained by
evaluating the Normal Operating plus SBA event. Since
the IBA load ~ombinations are used to envelop the SBA
combinations, the stresses from the IBA events are used

for the SBA event in the fatigue ¢valuation.

The suppression chamber evaluation results presented in
the preceding paragraphs are discussed in Section

2"2.5-1-
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Table 2-2.5-1

MAXIMUM SUPPRESSION CHAMBER SHELL .
STRESSES FOR GOVERNING LOADS

| ey P s e S TR S T R NN ST A S S SATY
Section 2-2.2.1 _
Load Designation Shell Stress Type (ksi)
Load Load Case Primary Pii;:iy g;égﬁggr;
Type Number Membrane Membrane Stress Range
-
Dead Weight la + 1b l1.60 2.55 3.78
2a 0.43 0.69 2.04
Seismic
2b 0.72 1.15% 3.40
4.
Prassure 3b T 7:.33 9.19
and
Temperature 3d 4.85 11.64 12.61
Condensation Sa 83 $.40 2300
Osciilation Sc 0.52 0.63 1.96
€a (sym) 0.71 1.02 2.66
Chugging 6b 1.42 1.60 3.99
SRV
Discharge

Note:

1. Values shown are maximums irrespective of time and location.
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Table 2-2.5-2

MAXTMUM VERTICAL SUPPORT LOADS FOR
GOVERNING SUPPRESSION CHAMBER LOADINGS

Section 2-2.2.1 Load Designation Verticle Load (kips) I
Load MC Column MJ Column
v . Case Direction Total
Vot Ty No. Inside Qutside Inside Qutside
la Upward N/A N/A N/A NA N/A
Dead Weight *
ib Downward 143.51 164.16 147 .86 170.08 625 58
1
| Upward 38.75 44.32 39.92 45.51 168.9C
{ OBE la
' Downward 38.75 44.32 39.92 45.91 I 168.3%0
Seismic | . '
| Upward 64.58 78.87 66.54 76.52 | 286.51
| SSE 2 -
| Downward €4.58 78.87 66.54 | 76.52 | 286.51
Internal Pressure Ja Up/Down ¢’ -9.38 36.84 [ 9.83 | -37.28 | 0
-
Thermal 1S up/Down 2 15.52 -32.98 ] -15.52 32.98 0
Upward 272.57 | 308.39 275.88 324.62 | 1181.46
Condensation :
Oscillation | Sa | |
i Downward 272.57 1' 308.39 ‘ 275.88 324.62 1181.46
Upward .15 | s7.81 50.39 | 57.10 | 214.45
Pre-Chug 6a ! i
Downward 49.15 | §7.81 | 50.239 $7.10 214.45
chugging . ‘ 1
l Upward 71.99 i 80.83 73.42 86.34 | 312.58
Post=Chug | 6w I ‘ 4
| 1 T
i Lownward 71.99 | 80.83 l 73.42 86.34 ! 312.58
L 4 4
-
SRV Multiple l » Upward $78.86 | 812.70 | 628.%8 | 712.36 | 2732.9%0
pDiscnarge Valve
1 |
' Downward s4s.e6 | 735.02 | $97.24 | 721.50 | 2619.62
Notes:

1. Values shown are maximums irrespective of time.
2. Negative value indicates tension in column.
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Table 2-2.5-3

MAXIMUM SUPPRESSION CHAMBER STRESSES FOR
CONTROLLING LOAD COMBINATIONS

—ﬂ

Load Combination Stresses (ksi)

Stress
Item Type IBA II (1) IBA III DBA II

(2) (2) (2)
Calc. | Cale. 1 Cale. | Calc. 1 Cale. | Cale.
Stress|Allow.|Stress|Allow. |Stress|Allow

_—— _.

COMPONENTS

(1)

Primary
Membrane

Shell Local Primaryl,4 35 | 0.84 [24.35 | 0.84 [18.98 | 0.66
Membrane

19. 24 0.99 |18.61 0.96 |15.89 0.82 1

Primary +

Secondary 60.50 0.87 |57.75 0.83 [44.66 0.64
Stress Range

Primary 15.45 0.80 115.07 0.78 |13.44 0.70
Membrane

: Local Primary 2 17 .5
g;;g S e 24.0 0.83 [24.19 0.84 |17.58 0.61

Primary +
Secondary 43.59 0.63 |43.76 0.63 |33.66 0.48

Stress Range
CONMPONEDNT SUPPORTS

Membrane 19.58 0.58 }19.29 0.57 |11.53 C.34

Column
Conneation X hen® l22.26 | 0.52 [21.71 | 0.51 [12.08 | 0.28
Tensile |11.36 | 0.33 |11.65 | 0.34 | 3.29 | 0.10
Compressive [14.82 | 0.46 [15.11 | 0.47 | 7.66 | 0.24
Column Net Section .4 26 | 0.72 |18.70 | 0.73 | 5.29 | 0.21

Tensile

Pullout Shear|10.23 0.45 |10.48 0.46 2.96 0.13

¥

Bearing

BPC-01-300-2
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Table 2-2.5-2

‘ (Concluded)

ﬁ
Load Combination Stresses (ksi)
Item Stress 1BA 11 (%) rea 11 ‘Y| pea 1z Y
Type
(2) (2) (2)
Cale.| Cale. ! Cale. | Cale. | Cale. | Cale.
Stress| Allow.| Stress| Allow.| Stress|Allow.
F- WEULUDS
azoom
. Primary 12. 62 0.84 ]12.45 0.83 8.11 0.54
Ring Beam
to Shell Secondary 16.56 | 0.37 [16.39 0.36 |10.78 0.24
Column Primary 8.10 0.54 7.94 0.53 4.03 0.27
Connection
to Shell Secondary 8.64 0.19 8.49 nN.1l9 4.58 0.10
Notes:
' 1. Reference Table 2-2.2-8 for load combination designation.

2. Reference Table 2-2.3-1 for allowable stresses.
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Table 2-2.5-4

MAXIMUM VERTICAL SUPPORT LOADS FOR
CONTROLLING SUPPRESSION CHAMBER LOAD COMBINATIONS .

Vertical Maximum Combination Loads (Kips) I

Support Direction '

~ (1 (1) (1)

-omponent IBA II IBA III DBA II
Upward 668.45 , 691.29 236.43

Inside
Downward 934.75 : 957.59 524.25
Midcylinder '
Upward 921.35 944,37 267.14
Qutside ‘
Downward 1199.71 | 1222.73 620.00
rn sl Upward 641.44 | 664.47 215.85
Mitered Downward 894.04 | 917.07 511.47
Joint ]
Upward ['731.92 l 761.16 254.83
Outside !
Downward 1072 .13 { 1101.25 569.71
Upward 2963.16 3061.29 974,25

Downward 4100.61 4198.64 .43

Notes:

l. Reference Table 2-2.2-8 for load combination designation.

2. The allowable upward load is 1160 kips per column.
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Table

Bt

MAXIMUM SUPPRESSION CHAMBER SHELL

STRESSES DUE TO LATERAL LOADS

f e e ey
Section 2-2.2.1 Shell Stress Type
Load Designation (ksi)
Load C Local Primary +
e B Primary Secondary
Stress Range

Membrane

Load
Type Number
2a 13 22.88

OBE Seismic
Pre-~Chug 6a 0.13 .97
SRV Discharge e 1.40 10.29

BPC~-01-300-2
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Table 2-2.5-6
MAXIMUM HORIZONTAL RESTRAINT REACTIONS

DUE TO LATERAL LOADS

F
Section 2-2.2.1 Horizontal Reaction Load
Load Designation (kips)
Maximum Dynamic
Load Load Case Total Restraint Load
Type Number ey Load Factor
e e T T e
OBE Seismic 2a 1958.12 154.17 N/A
Pre-Chug 6a 83.40 6.57 2.56
SRV Discharge 7c 880.60 69.33 2.50

BRPC-01-300~-2 o
Revision 0 angd. 123



MAXIMUM SUPPRESSION

Table 2-2.5-7

CHAMBER SHELL

STRESSES AND HORI

ZONTAL RESTRAINT REACTIONS FOR CONTROLLING

LOAD COMBINATIONS WITH LATERAL

LOADS

Item

Stress
Reaction

Type

Membrane

Local Primarv

Load Combination
Stresses/Reactions

(ksi, kips)
2
IBA IV (2)
X (3)
Calic. CRlLE
Value Allow.

Notes:

- Reference Table 2-2.2-8

3. Reference Section 2-2.3 for

Load

for

plate.

load

horizontal restraint loads.

BPC-~01-300~-2
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1. Stresses shown are in suppression chamber shell
to horizontal restraint pad

Shell
Primary +
Secondary 55.62 0.80
Stress Range
Horizontal Maximum
Restraint Reaction

allowable stresses and

.

djacent

combination designation.
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Table 2-2.5-8

MAXIMUM FATIGUE USAGE FACTORS FOR SUPPRESSION CHAMBER

COMPONENTS AND WELDS

(1) (7)
Load Case Cycles Event Usage Factor
Event - SRV [pre + Post Torus
Seguence Seismic |[Pressure [Temperature Discharge C?:zgx?q Shell weld
o e e e
NOC (2) (2) . -
W/Single SRV 0 150 150 596 N/A .347 .308
NOC
W/Multiple SRV 0 0 0 370 N/A .309 .394
SBA ‘93
5. o 680, sve. | ¢00'¥ 1 1 50 ‘%) 300! .067 095
SBA 0 0 0 2(3) 600!8 .002 004
600. to 1200. sec.
r Maximum Cumulative Usace Factors NOC + SBA .128 .801
Notes:
l. See Table 2~2.2-8 and Figure 2-2.2-8 for load =zycles and event
sequencing information.
2. Entire number of load cycles conservatively assumed to occur
during time of maximum event usage.
3. Total number of SRV actuations shown are conservatively assumed
to occur in same suppression chamber bay.
4. Value shown is conservatively assumed to be egual to the number

of multiple valve actuations which occurs during the event.

5. Number of ADS actuations assumed to occur durina

6. Each chug=-cycle has a duration of 1.4 sec.

7. Usage factors arce computed for the compcnent and veld which
result in the maximum cumulative usage.
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(kips)

Load

Maximum Upward Load = 1339 kips

Maximum Downward Load = 898 kips

——

0.0 v
S 4
| b s
—
-1000.0 1
| |
*—J L et
0.0 0.5 1.0 15 2.0
Time (sec)

Note:
1. Reference Figure 2-2.2-6 for loading information.

Figure 2-2.5-1

SUPPRESSION CHAMBER RESPONSE DUE TO MULTIPLE VALVE
SRV DISCHARGE TORUS SHELL LOADS - TOTAL VERTICAL LOAD
AT MITERED JOINT
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Maximum Upward Load = 1379 kips

Maximum Downward Load = 904 kips

N RS Sy S

| |

T T I

- l | { |

n | | ]

[ FIny N | 1
2 " ‘]P, VI Y !

| )a(l

414
I O TS .

4 I : i #
-1000.0 I |
| |
{ |
| 1}
0.0 0.5 1.0 1:2 el
Time (sec)
Note:

l. Reference Figure 2-2.2-6 for loading information.

Figure 2-2.5-2

SUPPRESSION CHAMEER KESPONSE DUE TO MULTIPLE VALVE
SRV DISCHARGE TORUS SHELL LOADS - TOTAL VERTICAL LOAD
AT MIDCYLINDER
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2=-2.5.1 Discussion of Analysis Results

The results shown in Table 2-2.5-1 indicate that the
largest suppression chamuver shell stresses occur for
IBA internal presisure loads, DBA condensation
oscillation torus shell loads, and SRV discharge tcrus
shell loads. The submeiged structure 1loadings, in
general, cause only local stresses in the suppression

chamber shell adjacent to the ring beams.

Table 2-2.5-2 shows that the largest suppression
chamber vertical support loads occur for DBA
condensation oscillation loads and SRV discharge torus

shell loads.

The results shown in Table 2-2.5-3 indicate t..at the
largest stresses in the suppression chamber components,
component supports, and associated welds occur for the
IBA II and ISA III load combinations. The suppression
chamber shell stresses for the IBA II and IBA 1III
combinations are less than the allowable limits with
stresses 1in other suppression chamber components,
component supports, and welds well within the allowable
limits. The stresses in the suppression chamber com-
ponents, component supports, and welds for the DBA II

combination are also well within allowable limits,

‘ BPC-01-300-2
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Table 2-2.5-4 shows that the largest upward and ‘

downward vertical support iocads occur for the IBA II

and IBA III combinations. The vertical support system

stresses for all lcad combinations are less than the

allowable 1limits, as shown in Table 2-2.5-3. The

vertical support upward loads are also less than the

allowable limit.

The results shown in Tables 2-2,5-5 and 2-2.5-6
indicate that the largest horizontal restraint
reactions and associated suppression chamber shell
stresses occur for seismic loads and SRV discharge

loads. Table 2-2,5-7 shows that the horizontal

restraint reactions and suppression chamber shell ’
stresses adjacent to the horizontal restraints for the

IBA IV load combination are less than allowable limits,

The results shown in Table 2-2.5-8 indicate that the
largest contributor to suppression chamber fatigue
effects are SRV discharge 1loads which occur during
Normal Operating conditions. The total fatigue usage
factors for the suppression chamber shell and
associated welds for the Normal Operating plus SBA

events are less than allowable limits,

BPC-01-300-2 h
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2-2.5.2 Conclusions

The suppression chamber loads described and presented
in Section 2-2.2.1 are conservative estimates of the
loads postulated to occur during an actual LOCA or SRV
discharge event., Applying the methodology discussed in
Section 2-2.4 to evaluate the effects of the governing
loads on the suppression chamber results in bounding
values of stresses and reactions in suppression chamber

components and component supports.

The load combinations and event sequencing defined in
Section 2-2.2.2 envelop the actual events postulated to
occur during a LOCA or SRV discharge event. Combining
. the suppression chamber responses tc the governing
loads and evaluating fatigue effects wusing this
methodology results in conservative values of the
maximum suppression chamber stresses, support
reactions, and fatigue usage factors for each event or
sequence of events postulated to occur throughout the

life of the plant.

The acceptance limits defired in Section 2-2.3 are at
least as restrictive as those usc¢i in the original
containment design documented in the plant's FSAR,

Comparing the resulting maximum stresses and support
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reactions to these acceptance limits results in a
conservative evaluation of the design margins present
in the suppression chamber and suppression chamber
supporcs., As 1is demonstrated from the results
discussed and presented in the preceding sections, all
of the suppression chamber stresses and support

reactions are within these acceptance limits,

As a result, the components of the suppression chamber
described 1in Section 2-2.1, which are specifically
designed for the loads and load combinations used in
this evaluation, exhibit the margins of safety inherent
in the original design of the primary containment as
documented in the plant's FSAR. The intent of the
NUREG-0661 requirements, as they relate to the design
adequacy and safe operation of the Hope Creek suppres-

sion chamber, are therefore considered to be met.
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