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ABSTRACT

Thig teehn”cal report provides numerical information for thermal
hydraulic dynamic loading conditioms in GE Mark III Reference Plant
pressure suppression comtaimment syeram during a loes-of=-coolant
aceident, safety relief valve discharge and related dynamic events.
Information and guidance has been provided to assrst the contain-
ment designer in evaluating the design conditions for the various
gtructures which form the containment system. Confirmatory tests
are completed. Observed test data or 2alculations upon which the
loads are based, are discussed. A Class III supplement to this
report (22A4385AB) includes additionmal proprietary information in
support of the load definitionm.

xiv
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1. INTRODUCTION

The information in this document represents the General Electric Company
recommendation for containment loads. Loss of coolant accident (LOCA) and
safety relief valve (SRV) dynamic loads, based upon pressure suppression and
safety relief valve test programs, are included. General Electric has con-
cluded the confirmatory test program for the Mark III containment configuration.
These tests support and ronfirm the pressure suppression loads that result

from the postulated LOCA and from SRV operation. The confirmatory program
includes a series of scaled multivent tests that demonstrate no significant

vent interaction effects _or the LOCA prccess. The Caorso tests, also

included, demonstrate the conservative SRV loads.

General Electric will use the design load values specified herein as the basis
for the 238 GESSAR license application. Other load values or smaller margins
than those provided in this document may be used if the architect engineer

is willing to defend them through the licensing process.

The architect engineer is respomsible for the definition of load combinations,
which include loads of the type described in this document, as well as more
normal loads such as deadweight, seismic, wind, missile impact, jet impinge-
ment, etc. The architect engineer is also responsible for determining the
effect of the above loads and load combinations oOn the structures and equip-
ment. Thus, the architect engineer is responmsible for project unique con-

tainment analyses.

During a loss-of-coolant accident and events such as safety/relief valve
actuation, the structures forming the containment system and other scructures
within the Reactor Building experience dynamic phenomena. This report provides
aumerical information on the dynamic loads that these phenomena impose on the

Mark III containment system siructures.

The loading information is based or either observed test data or comservatively
calculated peak values. The LOCA loading combinations are presented in the
form of bar charts for each of the containment system structures. In addition

to defining the timing of che LOCA relaced loads, the bar charts identify

011880




22A4365
Rev. 4 1-2

other loading conditions such as seismic accelerations, dead-weight, etc. For
sach bar on the chart, reference is made to the section where specific discus-

sion of the load is presented.

To provide a better understanding of the various dynamic loads and their
{nter-relationships, Section 2 contains a qualitative description of sequen-
tial events for a wide range of postulated accidents. The air clearing
loading nhenomena associated with the actuation of a safety relief valve is
also described.

1.1 CONFIRMATORY TESTING

Impact ind impingement load specifications for small structures affected by
suppression pcol swell, are based on the results of the PSTF air tests con-
ducted in March 1974 and reported in Reference 9. The intent of these tests
was to provide conservative design data. It was recognized that the data
base would require extension beyond that provided by the air tests and to
achieve this, additional impact tests for both small and large structures
were included in the PSTF schedule. These tests involved measurement of
pool swell impact forces on a variety of targets representative of small
structures found in the Mark III containment annulus, and are discussed in

Attachment J.

This Jdocument relies on a large experimental test data base from the PSTF
program. See Table 1.1.1 for a summary of these tests. The scaling of the
large scale and 1/3 area scale PSTF precludes direct application to the proto-
tvpe Mark [1I. Conservative interpretation of these tests results, employing
dimensiona! similitude scaling relationship, is used to arrive at specified

design loads for Mark III. (See Attachment J.)
Evaluation of full scale Caorso SRV tests is included in Attachment A. The

evaluation shows that the test result loads are significantly lower than the

current design loads and the use of reduced design loads are justified.

011880



2244365
Rev. & 1-3 |

. 1 2 DEFINITION OF LOCA

A loss-of=-coolant accident (LOCA) is the sudden break of a high energy pipe

in the reactor coolant pressure boundary of the nuclear steam supply system.
The largest postulated break could be either the break of a main steam Or

a recirculation line. This loss-of=-coolant accident (LOCA) is the desigr
basis accident (DBA). Other small line breaks result in loss-of-coolant
accidents, and although their energy release does not result in large

dynamic loadings, their thermal effects may control the design of structures.
The intermediate break accident (1BA) and small break accident (SBA) fall into
this category. The size of the SBA is defined as that which will not cause
automatic depressurization of the reactor. The SBA is of concern because it

imposes the most severe temperature condition inside the drywell.

1.3 DESIGN MARGINS

Table 1.3.1 summarizes the loads due to a LOCA for the containment structures.
Reasonable design margins are clearly shown by comparing the magnitude of the
values between the conservatively specified Jesign values and the realistic
expected loads. The Mark 111 loads presented in this document should be
interpreted as rigid wall loads. A similar case for showing the conservatism

in the loads specified for relief valve acrus=ion is given in Attachment A.

It is shown in this report that t*. . L. Jdynamic loading phenomena has been
conservatively bounded and the PS té. s is conservatively interpreted.
Parameter simulaiion has justified the application of the test data to MK III
designs with adequate design conservatism added. Any further margin considera~-
tions cannot be technically envisioned. In fact, where possible, the centain-

ment designer may chose to justify more realistic design values.

011880
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Table 1.1.1
SUMMARY OF PSTF TESTS

Area

Number Venturi Top Vent( Initial Number  Pool/

Test of Range Submergence Pressure Blowdown of Vent

Series Blowdowns (inch) Kange (feet) (psia) Type Vents Scaling

5701 21 21/8-35/8 2,0 - 15.5 1050 Saturated 1 Full
Steam

5702 17 21/8-3 5/8 1.93 - 11.97 1050 Saturated 2 Full
Steam

5703 3 2 1/2-35/8 6.77 - 11.05 1050 Saturated 3 Full
Steam

5705 4 1-41/4 6.0 - 8.0 1065 Alr 2 Full

5706 7 4 1/4 6.0 - 10,0 1065 Air 2 Full

5707 22 21/8 -3 7.3 1050 Air and 3 Full
Steam

5801 19 2 1/8-3 5.0 - 10.0 1050 Saturated 3 1/3
Steam

5802 3 2 1/8-3 6.0 1050 Saturated 3 1/3
Steam

Primary
Objectives*

. Vent Clearing

Full Scale
Condensation
Demo

. Drywell

Pressure

Vent Clearing

Vent Cleaving

Pool Swell
Scoping

Pool Swell
Impact Loading

Chugging

1/3 Scale
Demonstration

Pool Swell
Roof Density
and AP

Pool Swell

Refer-
ence

Report

16

11

i1

* ARy

4
S9EYVTI



(Continued)

Area
Number Venturi lfop Vent( Inftial Numbe 1 Pool/ Refer-
of Range Submergence Pressure Blowdown of Vent Primary ence
f‘:l}xWx_lel 5 (inch) Range (fee ;‘) (imi.g) __Type Vents S¢ 7,17\71;11‘& U'.‘Lm-\'rr‘lrv_u:-,' Report

1/8-3 ). O 1050 Saturated 1/3 1. 1/3 Scale Demo 11
Liquid

2. Liquid Blowdown
1050 Saturated Roof Density

Steam Deusity end AP
Repeatability

1050 Saturated Pool Swell
Steam Impact

1065 Alr L Pool Swell
1050 Saturat / Steam
Stzam « Condensation

l.‘t]lii\i

Sle

Condensation
Multivent
Effect

AIn y'--n--n'.:l tests are not direct prototype simulations, but parametric studies to be used in analytic

model evaluations,
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Load

.———

STRUCTURE: Drywell

Drywell Pressurization
Hydrostatic Pressure
Bubble Formation
Hetwell Pressurization

Pool Swell
Slug impact load

Froth impingement load

Velocity for computing
drag loads (slug flow)

Condensation
Oscillation Loads

Fallback Velocity for
Drag Loads

Specitied

for

_Design

Engr'g
Estimate

BREAK SIZE: Large

50 psig

pH

0+ 21.8 psid

11 psid

115 psi

15 psi

40 ft/sec

+7 psid
(mean)
35 ft/sec

18 psig

pH

18 psid

3-5 psid

60 psi

15 psi

30 ft/sec
t4 psid

20 ft/sec

Table 1.3.1
SUMMARY OF SPECIFIED AND REALISTIC DESIGN VALUES

Design Basis

Analysis

Model
(Ref. 1)

plus margin

Standard

analytical
techniques

Max pressure
equal D.W.

pressure

Model in

Supplement 1

to Ref. 1

Bounding

calculation

Bounding

calculation

Test

5802
5804

5801
5805

5801

5805

5703
5807

Section

4.1.2

12.1

12.1

9.0
10,2

4.1.5

4.1.6

Comment s

Peak calculated 21.8 psig

Test shows pressure
differential in the
3 to 5 psi range

Applies to small flat
structures attached to
D.W. (see Fig. 10.6).
See Attachment J.

Applies to small struc-
tures attached to D.W.
(see Fig. 10.6). See
Attachment J.

See Attachment 1

See Fig. 4.6.a for
pressure distribution

*ARY
C9EYVIT
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Load

Negative lLoad During
ECCS Flooding

Chugging

Gross structure
Loading within top

vent

e Pre-chug under-
pressure

e Pulse (spike)

e Net force

Loading on drywell I.D.
Loading on drywell 0.D.

e Pre-chug under=
pressure

e Pulse (spike)

Specified
for
__Design

-21 psad

+2 psid

-15.0 psid
(peak)

-9.0 psid
(mean)

540 psid
(peak)
214 psid
(mean)

250 kips
(peak)

21 kips
(mean)

~5.8 psid
(peak)

-2.65 psid
(mean)
100 psid
(peak)

24 psid
(mean)

Table 1.3.1

Engr'g
Estimate

-15 psid

+1 psid

-12 psid
(peak)

-8 psid
(mean)

500 psid
(peak)
180 psid
(mean)

250 kips
(peak)

75 kips
(mean)

-4.0 psid
(peak)
-1.0 psid
(mean)
75 psid
(peak)
20 psid
(mean)

(Cont inued)

Design Basis

Analysis

Bounding
calculation

Test

5801, 5802
5803, 5804

5707

5707

5707

5707

Section

4.1.7

4.1.8
4.1.9.1

6.1.9.2

5.1.4

h.1.9.2

Comment s

Assumes no vacuum relief

Design pressures are
4130 psig and -21 psid

Local and global pulse
train specified

Local and global net
upward vertical load

Same as welr wall
specification

See Table 4.1 for dura-
tion and frequency

*A9Y

¢
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Load

® Post-chug
oscillation

STRUCTURE: Drywell

ADS
Chuggirg

STRUCTURE: Drywell

Temperature

Chugging

Specified
for
_Design

6.5 psid
(peak)
+2.2 psid
(mean)

BREAK SIZE:

BREAK SIZE:
330°F/310°F

Table 1.3.1 (Continued)

Jesign Basis
Engr'g Design Basis

Estimate Analysis Test

+4.0 psid
(peak)

t1.1 psid
(mean)

Intermediate

Swall

330°F/ Bounding
310°F calculation

w
{0
|~
| -

!

~

"o

F o

See Attachment A

Same as large break
specification

3 hr at 330°F initially,
next 3 hr at 310°F

Same as large break
specification

7 ‘%Y
S9EYVIT
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Load

STRUCTURE: Weir Wall

Outward Load Due to Vent
Clearing

Chugging

e Pre-chug under-
pressure

e Peak spike of pulse
train

Inward Load Due to
Negative Drywell
Pressure Differential

Hydrostatic Pressure

STRUCTURE: _Welir Wall
ADS
STRUCTURE: _Weir Wall

Temperature

Specified
for
__Design

BREAK STZE:

10 psig

~-2,15 psid
(peak)

-0.98 psid
(mean)

43 psid
(peak)
15 psid
(mean)

12,800 1bg/
vent

pH

Table 1.3.1 (Continued)

Engr'g
Estimate

Large**

5 psig

-2,0 psid
(peak)
-0.5 psid
(mean)
35 psid
(peak)
13 psid
(mean)

8000 1bg

Design Basis
Analysis Test Section Commert s
Model in 5:.1:2 First 30 sec of blowdown
Ref. 1 S1.3
5707 Sekoh Local and global loading
specified
Bounding $.1.5 Attachment H

(top vent) calculation

6000 1bg
(mid)

4000 ibg
(bottom)

pH

Standard
analytical
techniques

BREAK SIZE: IntermediateX*

BREAK SIZE:

330°F/310°F

Small**

Bounding
calculation

-

At tachment A

5.4 330°F for 3 hr initially
310°F for next 3 hr

ate and s 211 break accidents.

¢ a9y
$9EIVIZ



6LL060

Table 1.3.1 (Continued)

Specified
for Engr'g
Load __Design Estimate
STRUCTURE: Containment BREAK SIZE: Large
Water Jet <1 psig 0 psig
Bubble Formation 10 psid 8 psid
Hydrostatic Pressure pH pH
Pool Swell Loads for 10 psid 8 psid
Attached Structures (bubble)
at Fool Surface 40 ft/sec 30 ft/sec
(drag
velocity)
Pool Swell at HCU Floor 15 psi (froth 10 psi
impingement)
11 psi 3-5 psi
(flow AP)
Fallback Velocity for 35 ft/sec 20 ft/sec
Drag Loads
Post Pool Swell Waves 2 ft 2 £%
Condensat ion t) psid 0.6
Oscillation Loads (mean)
Chugging
e Pre-chug-under- -1.3 psid -0.8 psid
pressure (peak) (p=ak)
-1.0 psid ~-0.3 psid
(mean) (mean)

Design Bas®s

Analysis

Attachment G

Standard
analytical
techniques

D.W. bubble
pressure

Bounding
calculation

Model in
Ref. 1

Bounding
calculation

Test

5706

5701, 5702
5703, 5705
5706

5706

5801, 5802
5803, 5804

PSTF Tests

5807, 5701
5702

5707

Section

6.1.4

6.1.6

6.1.6

6.1.7

6.1.8
6.1.9

Comment s

Measured pressure is small
and is obscured by bubble
pressure

Only large structures
see bubble pressure

See Attachment 1

Test shows pressure
differential in the
3 to 5 psi range

Negligible load
See Figure 4.6a

See Table 4.1 for dura-
tion and frequency

“ A9y
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Specified

Table 1.3.1 (Continued)

Design Basis

for Engr'g
Load _Design Estimate Analysis Test Section
e Pulse (spike) 3.0 psid 2.2 psid
(peak) (peak)
0.7 psid 0.6 psid
(mean) (mean)
® Post-chug 1.7 psid +1.5 psid
oscillation (peak) (peak)
+1.0 psid 0.5 psid
(mean) (mean)
Pressurization 15 psig 5 psig Model 6.1.11
(Ref. 1)
plus margin
Temperature 185°F* <150°F Supplement 1 6.1.11
to Ref. 1
STRUCTURE: _Containment ~ BREAK SIZE: Intermediate
Pressurization 15 psig 5 psig Bounding 6.2
calculation
ADS M
Chugging 4.1.8-
§.1.9,2
STRUCTURE: Containment BREAK SIZE: Small
Temperature 220°F 185°F Bounding 6.3
Stratification (Dome) calculation
Pressure 2 psig 1 psig Bounding 6.3
calculation
Chugging 4$.1.8-
4:1:9.2

*géé_ﬁéfggraph 6.1:1)

Comments

Peak calculated value
is 9.8 psig

Conservative calculated l
peak temperature is 176°F

v "ady
S9EYVTT

See Attachment A

Same as large break
specification

Local temperatures of
300/250°F are possible in
the event of reactor
steam/liquid blowdowns to
containment.

Typical value

Same as large break
specification

=y
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Load

STRUCTURE: Basemat

Hydrostatic

Bubble Formation

Condensation
Oscillation Load

Chugging

e Pre-chug undere

prezanre

e Pulse (spike)

e Post-chug
oscillation

§TRUCTUR£:__BJ5CMJ[
ADS

Chugging

STRUCTURE: Basemat

Chugg*

Specified

for
_Design

BREAK SIZE:

rable 1.

Engr'g
Estimate

Large

oH

oH

10 - 21.8 psid 18 psid

t1.7 psid +1.0 psid
-1.8 psid -1.5 psid
(r-ak) (peak)
-1.34 psid -0.7 psid
(mean) {mean)
10 psid 7.5 psid
(peak) (peak)
2.4 psid 2 psid
(mean) (mean)
2.1 psid +2.0 psid
(peak) (peak)
t1.3 psid +1.0 psid
(mean) (mean)
BREAK SIZE: Intermediate
BREAK SIZE: Small

3.1 (Continued)

Design Basis

Analysis Test

Standard
analytical
techniques

Peak equal to 5706/4
D.W. pressure

5807,
5701

5707

5702

7.0

7.0

$.5.9:2

7.0
b.1.9.2

4.1.9.2

Comments

10 psi over 1/2 pool
assumed to increase
linearly to 21.8 psi.
See Figs. 7.1 and 6.6

See Figure &4.6a

See Table 4.1 tor dura-
tion and frequency

See Figures 4.8b
through 4.8f for
basemat attenuation

See Atcachment A

Same as large brzak
specification

Same as large break
specification

*AdY
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Load

STRUCTURE: Submerged

Structures

LOCA Water Jet Loads

LOCA Air Bubble Load

Velocity for Computing
Drag Loads

Fall Back Velocity for
Drag Loads

LOCA Condensation
Oscillation Loads

LOCA Chugging Loads

X-Quencher Water Jet
Load

X-Quencher Air Bubble
Load

STRUCTURE: Submerged

- Structures
ADS

STRUCTURE: Submerged

Structures

Desi&g Basis

Test

Table 1.3.1 (Continued)
Specificed
for
Design Estimate Analysis

BREAK SIZE: Large*

8.2 psid*
40 fr/sec 30 fr/sec
35 ft/sec 20 ft/sec
0.7 psid

1.9 psid

Negligible

0.5 psid

Attachment G

Bounding
Calculation

Bounding
Calculation

Attachment G

Attachment G

Attachment G

Attachment G

BREAK SIZE: lotermediate*

BREAK SIZE: Small*

No Additional loads generated

*Chugging loads are the same for large, intermediate

Section

G2.2

G2.3

G2.4

G2.5

G2.6

G3.]

G3.2

and small break accidents.

Comments

Load is bounded by LOCA
air bubble load

Load is on a sample
structure 4 ft from the
top vent axis

See Attachment 1

Frequency 2.+3.5 Hz -
Load is on 2 sample
structure 4 ft from the
vent exit

Load is on a sample
structure 4 ft from the
top vent exit

Load is negligible outside
a sphere circumscribed by

the quencher arms

Load is on a sample
structure 9 ft from
Quencher center

See Attachment G

a9y
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Load
Structures
at Pool
Surface

STRUCTURE:

Bubble Formation

Drywell

Containment

Velocity for Computing
Drag Loads

Fallbuck Velocity for
Drag lLoads

STRUCTURE: Structures
at Pool
o _Surface
ADS
STRUCTURE: Structures
at Pool
__Surface

Speciiies Design Basis
for Engr'g PESIED ZastS
_ Design Estimate Analysis
BREAK SIZE: Large
21.8 psid '8 psi Equal to D.W.
pressure
10.0 psid Attenuated
D.W. pressure
40 ft/sec 30 ft/sec Bounding
calculation
35 ft/sec 20 ft/sec Bounding

BREAK SIZE:

Table 1.3.1 (Continued)

calculation

Intermediate

BREAK SIZE: Small

No additional loads generated

9.0

9.0

4.1.6

Comments

Large structures only

See Attachment A

(See large break
tabulation)

‘ARy

£
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Specified
for
Load __Design
STK: +URE: Structures BREAK SIZE:

Between Pool
Surface and
HCU Floor

Slug Impact Loads

Small flat structures 115 psi
Piping 60 psi
Froth Impingement Loads 15 psi

Velocity for Computing 40 ft/sec

Drag Loads

Fallback Velocity for
Drag Loads

STRUCTUKE:

35 ft/sec

Structures
Between Pool
Surface and
HCU Floor

No additional loads generated

STRUCTURE: Structures
Between Pool
Surface ard

_HCU Floor

No additional loads generated

BREAK SIZE:

Table 1.3.1 (Continued)

Design Basis

Engr'g
Estimate Analysis Test
_large

60 psi 5801, 5802
5805, 5706

30 psi 5801, 5802
5805, 5706

15 psi 5706

30 ft/sec Bounding

calculation
20 ft/sec Bounding

calculation

BREAK SIZE: Intermediate

_Small

Section

10.1

16.1

10.1

10.2

10.3

Comment s

See Attachment J
See Attachment J

See Attachment J and
Figure 10.6

See Attachment I. See
Figure 10.3 for grating
loads

(See large break
tabulation)

(See large break
tabulation)

T ‘A%
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Table 1.3.1 {(Continued)

Specified - e
for Engr'g Design Basis
Load __Design Estimate Analysis Test Section Comments
STRUCTURE: Expansive BREAK SIZE: large
Structures
at HCU Floor
o Elevation I
Wetwell Pressurization 11 psig 3-5 psig Model in 5801, 5802 11.0
(3-4 sec) (1-2 sec) Ref. 1 5803, 5804
Froth Impingement 15 psig 10 psig 5801, 5802 11.0 See Attachment J l
(100 ms) (100 ms) 5805, 5706 discussion
Flow Pressure 11 psig 3-5 psig Model in 5801, 5802 12.0 Test shows pressure
Differential Ref. 1 5803, 5804 differential of 3
to 5 psi
? "o
Fallback and Water 1 psi 0.5 psi Bounding 12.0 Based on water flow ey
Accumulation calculation through HCU floor g -
Y
STRUCTURE: Expansive BREAK SIZE: Intermediate =G
Structures
at HCU Floor
_Bo Elevation
No additional loads generated See large break
tabulation
STRUCTURE: Expansive BREAK SIZE: Small
Structures
at HCU Floor
e o Elevation
No additional loads generated See large break
tabulation
GENERAL NOTES TO TABLE 1.3.1
= 1. Where S/R valve loads are specified in the applicable bar charts, refer to Attachment A,
4 Section AS5.6 for margin discussion. Y
> 2. Not all loads for IBA and SBA are tabulated. Generally the large break load condition will govern. ~
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Load

Specified
for
Design

STRUCTURE: Small Structures

Froth Impingement

Flow Pressure
Differential

Fallback and Water
Accumulation

at HCU Elevation

15 psid

11 psid

1 psid

Table 1.3.1 (Continued)

Engr'g
Estimate

10 psid

3-5 ps id

0.5 psid

Design Baﬁls

.ﬁna]ysis

Model in
Ret. 1

Bounding
Calculation

Test

5801, 5802
5805, 5706

5801, 5802
5803, 5804

Section

12.0

12.0

12.0

Comments

Sec Attachment J
discussion

Test shows pressure
differential of 3 to
5 psi

Based on water flow
through HCU floor

‘a2y

£
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2. REVIEW OF PHENOMENA

The purpose of this section of the report is to qualitatively review the sequence
of events that could occur during the course of the design basis accident (DBA),
an intermediate break accident (IBA), a small break accident (SBA) and during
safety relief valve actuation. The objective of this review is to provide an
understanding of the various pool dynamic loads and their inter-relatiomships,
and to define the dynmamic loading terminology. Specific design load values are
provided in subsequent sections.

2.1 DESIGN BASIS ACCIDENT (DBA)

The Figure 2.1 chart shows the events occurring during a DBA and the potential

loading conditions associated with these events.

With the instantaneous rupture of a steam or recirculation line a theoretical
sonic wave exits the broken primary system pipe and expands into the drywell
atmosphere. At the break exit point, the wave amplitude theoretically is

reactor operating pressure (1000 psia). However, there is rapid attenuation

as the wave front expands spherically outward into the drywell at sonic velocity.

As the drywell pressure increases, the water initially standing in the vent sys-
tem accelerates into the pool and the vents are cleared of water. During this
vent clearing process, the water leaving the horizontal vents forms jets in the
suppression pool and causes water jet impingement loads on the structures within
the suppression pool and on the containment wall opposite the vents. During the
vent clearing transient, the drywell is subjected to a pressure differential

and the weir wall experiences a vent clearing reaction force.

Immediately following vent clearing, an air and steam bubble forms at the exit
of the vents. The bubble pressure initially is assumed equal to the current
drywell pressure (peak calculated is 21.8 psig). his bubble theoretically
transmits a pressure wave through the suppression pool water and results in
loading on the suppression pool boundaries and on equipment located in the

suppression pool.

101678
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As air and steam flow from the drywell becomes established in the vent system,
the initial vent exit bubble expands to suppression pool hydrostatic pressure.
GE Large Scale Pressure Suppression Test Facility (PSTF) Tests (Ref 4) show that
the steam fraction of the flow is condensed but continued injection of drywell
air and expansion of the air bubble results in a rise in the suppression pool
surface. During the early stages of this process, the pool swells in a bulk
mode (i.e., a slug of solid water is accelerated upward by the air). During
this phase of pool swell, structures close to the pool surface will experience
loads as the rising pool surface impacts the lower surface of the structure.

See Figures 2.2-4, 2,2-5, and 2,.2-6., In addition to these initial impact loads,
these same structures will experience drag loads as water flows past them,

Equipment in the suppression pool will also experience drag loads.

Data from PSTF air tests (5706) indicates that after the pool surface has risen
approximately 1.6 times the initial submergence of the top vent, the water
ligament thickness has decreased to two feet or less and tue impact loads are
significantly reduced. This phase is referred to as incipient breakthrough;
i.e., ligament begins to break up.

Ligament thickness continues to decrease until complete breakthrough is reached
and the air bubble can vent to the containment free space. The breakthrough

process results in formation of an air/water froth.

Continued injection of dryvell air into the suppression pool results in a period
of froth pool swell. This ‘roth swell impinges on structures it encounters but

the two phase nature of the fluid results in loads that are very much less than

the impact loads associated with bulk pool swell.

When the froth reaches the elevation of the floors on which the Hydraulic Control
Units for the Control Rod Drives are located, approximately 20 feet above pool
level, the froth encounters a flow restriction; at this elevation, there is
approximately 25% open area. See Figures 2,2-2 and 2.2-3, The froth pool swell
experiences a two phase pressure drop as it is forced to flow through the
available open areas. This pressure differential represents a load on both the
floor structures themselves and on the idjacent containment and drywell. The

result is a discontinuous pressure loading at this elevatiun.

042178
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Figure 2.2-1 is a diagram that summarizes the various phases of pool swell and
the nature of the dynamic loading conditions that cccur. It should be empha-
slzed that the pool swell elevation information presented on Figure 2.2-1 is
based on an assessment of the PSTF air tests. As such it is considered con-
servative since the PSTF air test data have been interpreted and used in a

conservative manner.

The pool swell impact and impingement target data presented in Section 10 of
this document is applicable to small structures. This restriction on the
application of the impact test data is necessary since the basic tests involved
targets with a width of 20 inches. For this size target, only the suppression
pool water in the immediate vicinity of the target has to be re-directed by

the impact impulse, thus, the impact loads are not dependent upon the pool swell
water ligament thickness. Attachment J discussed application of PSTF impact

data to small structures.

For floors that are expansive enough to decelerate a large sector of the pool
rather than a small region of the pool in the vicinity of the target, the impul-
sive loading on the floor is dependent upon the momentum of the entire slug and

is related to slug thickness.

As drywell air flow through the horizontal vent system decreases and the air/
water suppression pool mixture experiences gravity induced phase separation,
pool upward movement stops and the "fallback" process starts. During this
process, floors and other flat structures experience downward loading and the
containment wall theoretically can be subjected to a small pressure increase.

However, this pressure increase has not been observed experimentally.

The pool swell transient associated with drywell air venting to the pool
typically lasts 3 to 5 seconds. Following this, there is a long period of
high steam flow rate through the vent system; data indicates that this steam
will be entirely condensed in a region right at the vent exits. For the DBA
reactor blowdown, steam condensation lasts for a period of approximately

one minute. Potential structural ioadings during the steam condensation phase
of the accident have been observed, are relatively small, and are included in

the containment loading specification.
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As the reactor blowdown proceeds the primary system is depleted of high energy
fluid inventory and the steam flow rate to the vent system decreases. This
reduced steam flow rate leads to a reduction in the drywell/containment pressure
differential which in turn results in a sequential recovering of the horizontal
vents. Suppres:iion pool recovering of a particular vent row occurs when the
vent stagnation differential pressure corresponds to the suppression pool hydro-

static pressure at the row of vents.

Toward the end of the reactor blowdown, the top row of vents is capable o€ con-
densing the reduced blowdown flow and the two lower rows will be totally
recovered. As the blowdown steam flow decreases to very low values, the water
in the top row of vents starts to oscillate back and forth causing what has
become known as vent "chugging." This action results in dynamic loads on

the top vents and on the weir wall opposite the upper row of vents. In
addition an oscillatory pressure loading condition can occur on the drywell
and conta ..nent, but is insignificant. Since this phenomenon is steam mass
flux dependent (the chugging threshold appears to be in the range of 10 1b/
sec/ftz) it is preseat for all bvreak sizes. For smaller breaks, it is the

only mode of condensation that the vent system will experience.

Shortly after a DBA, the Emergency Core Cooling System (ECCS) pumps automatically
start up and pump condensate water and/or suppression pool water into the

reactor pressure vessel. This water floods the reactor core and then starts to
cascade into the drywell from the break; the time at which this occurs depends
upon break size and location. BSecause the drywell is full of steam at the time
of vessel flooding, the sudden introduction of cool water causes rapid steam
condensation and drywell depressurization. When the drywell pressure falls

below the containment pressure, the drywell vacuum relief system is activated

and air from the containment enters the drywell. Eventually sufficient air
returns to equalize the drywell and containment .ressures; however, during this
drywell depressurization transient, there is a period of negative pressure on

the drywell structure; a conservative negative load condition is therefore speci-

fied for drywell design.

Following vessel flooding and drywell/containment pressure equalization, sup=

pression pool water is continuously recirculated through the core by the ECCS
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pumps. The energy associated with the core decay heat results in a slow heat up
of the suppression pool. To control suppression pool temperature, Operators
will activate the RHR heat exchangers. After several hours, the heat exchangers
control and limit the suppression pool temperature increase. The suppression
pool is conservatively calculated to reach a peak temperature of 176°F and with
long term containment spray operation the peak temperature can approach 185°F
The increase in air and water vapor pressure at these temperatures results in a

pressure loading of the containment.

The post DBA containment heatup and pressurization transient is terminated when
the RHR heat exchangers reduce the pool temperature and containment pressure to

nominal values.
2.2 INTERMEDIATE BREAK ACCIDENT (IBA)

An intermediate size break is defined as a break that is less than the DBA but is
of sufficient magnitude to automatically depressurize the primary system due to
loss of fluid and/or automatic initiation of the ECCS systems. In practice, this
means liquid breaks greater than 0.05 £t2 and steam breaks greater than 0.4 fr2

as determined by analysis.

In general, the magnitude of dynamic loading conditions associated with a loss
of coolant accident de.rease with decreasing break size. However, the inter-
mediate break is examined because the Automatic Depressurization System (ADS)
may be involved. Simultaneous actuation of the multiple safety/relief valves
committed to this system introduces significant containment system loads, as

discussed in Section 2.4.
2.3 SMALL BREAK ACCIDENT (SBA)

Small breaks are defined as breaks not large enough to automatically depressur-
jze the reactor. Accident termination is dependent upon cperator action and the
duration of the accident is determined by operator response. The dynamic loads
produced by this class of accident are small., However, there are certain con-
ditions associated with smaller reactor system breaks that must be considered

during the design process. ,pecifically, the drywell and weir wall must be
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designed for the thermal loading conditions that can be generated by a small
steam break (SBA)., For a definitiomn of the design conditions, the following

sequence of events is postulated.

With the reactor and containment operating at maximum normal conditions, a small
break occurs allowing blowdown of reactor steam to the drywell. The resulting
drywell pressure increase leads to a high drywell pressure signal that scrams

che reactor and activates the containment isolation system. Drywell pressure
continues to increase at a rate dependent on the size of the assumed steam

leak. This pressure increase to 3 psig depresses the water level in the weir
annulus until the level reaches the top of the upper row of vents. At this

time, air and steam enter the suppression pool. Steam is condensed and the air
passes to the containment free space. The latter results in gradual pressuriza-
tion of the containment at a rate dependent upon the air carryover. Eventually,
entrainment of the drywell air in the steam flow through the vents results in all
the drywell air being carried over to the containment. At this time, containment
pressurization ceases. The drywell is now full of steam and has a positive
pressure differential sufficient to keep the weir annulus water level depressed
to the top vents and chugging can occur. Continued reactor blowdown steam is

condensed in the suppression pool.

The thermodynamic process associated with blowdown of primary system fluid is
one of constant enthalpy. If the primary system break is below the RPV water
level, blowdown flow consists of reactor water. Upon depressurizing from
reactor pressure to drywell pressure, approximately one-third of this water
flashes to steam, two-thirds remain as liquid, and both phases will be in a
saturated condition at drywell pressure. Thus, if the drywell is at atmos-

pheric pressure, the steam-and-liquid blowdown will have a temperature of 212°F,

If the primary system rupture is located so that the blowdown flow consists of
reactor steam, the resultant steam temperature in the drywell is significantly
higher than the saturated temperature associated with liquid blowdown. This is
because a constant enthalpy decompression of high pressure saturated steam
results in a superheat condition. For example, decompression of 1,000 psia
saturated steam to atmospheric pressure results in 298°F superheated steam

(86°F of superhcat).
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Reactor operators are alerted to the SBA incident by the leak detection system,
or high drywell-pressure signal, and reactor scram. For the degraded accident
evaluation, rapid depressurization is assumed to be manually initiated at

10 minutes to terminate the event. For the purpose of evaluating the duration
of the superheat condition in the drywell, it is assumed that operator response
to the small break is to shut the reactor down in an orderly manner using
selected relief valves and with the RER heat exchangers controlling the suppres-
sion pool temperature. (This assumes the main condenser is not available and
the operatocs must use the suppression pool for an energy sink. In all probabil-
ity, the condenser would be available and the suppression pool would not be
involved in the shutdown.) Reactor cooldown rate is assumed to be started

30 minutes after the break and at 100°F/hr. Using these procedures, leads to a
reactor cool-down in approximately three to six hours. At that time, the RHR
system (in the shutdown mode) maintains the reactor at 212°F or less and the
blowdown flow rate is terminated. It should be noted that the end-of-blowdown
chugging phenomenon discussed in Section 2.1 will also occur during a small

break accident and will last the duration of reactor depressurization.

2.4 SAFETY RELIEF VALVE ACTUATION

In addition to loads on the valves and discharge piping, actuation of the
safety/relief (S/R) valves causes pressure disturbances in the suppression pool
water which results in dynamic loads on the suppression pool floor, the weir
wall, the drywell and the containment adjacent tc the pool. Structures in the
pool also experience this loading. Relief valve actuation can be initiated
either automatically by a reactor pressure increase to the valve setpoints or

by an active system such as ADS.

The phenomena which cause these loads is as follows. Prior to actuation, the
S/R discharge lines contain air at atmospheric pressure and a column of water in
the submerged section. Following S/R valve actuation, the pressure builds up
inside the piping and expels the water column. The air follows the water
through the holes in the quencher arms and forms a large number of small bubbles.
Once in the pool, the bubbles expand, coalesce and form four large bubbles.

Each of the four bubbles expands analogous to a spring and accelerates the sur-
rounding pool of water. The momentum of the accelerated water causes the bubble
to over-expand and the bubble pressure becomes negative. This negative pressure

slows down and finally reverses the motion of the water leading to compression
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of the bubble. This sequence of expansion and contraction is repeated with a

mean frequency of about 8 Hz until the bubble reaches the pool surface. '

The bubble oscillation causes oscillating pressures throughout the pool. The
magnitude of the pressure amplitude decreases with time and with distance from

the bubble. The duration of this load is less than 1 second (See Figure 2.3).

SRV steam condensation during valve discharge to the pool also occurs. This |

phenomenon results in low amplitude pressure fluctuations.

In evaluating the Mark III structural loads and containment/drywell capability

it is necessary to properly account for the hypothetical accident related loads

and their sequence of occurrence. In defining the loads for this evaluation,

this report addresses the design basis accident (pipe break) and the loads

associated with the hypothetical concurrent earthquake, pool dynamics, and

static loading. The ability of the design to accommodate these locadings, when

properly sequenced, constitutes the design basis of the structure. This design

basis includes the single failure criterion; i.e., any single component may .

fail to act when c¢2lled upon during loss-of-coolant accidents I

This report also addresses an additional considerztion namely the inadvertent
opening of a single S/R valve. The opening of a single valve is not a direct
result of the LOCA and, furthermore, is not an expected occurrence during the
accident sequence. However, the loading chart figures show the loads ars-~.ciated
with a single safety/reliaf valve actuation as an additional load for demon=-

strating additional capability.

Safety relief valve loading data is discussed in Attachment A,

2,5 OTHER CONSIDERATIONS

In addition to the LOCA and S/R valve dynamic loads that have been identified in
the preceding sections, other loads must be considered during the design process
(deadweight, seismic accelerations, etc,) These loads are included in the

loading diagrams contained in this report.
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EVENT POTENTIAL LOADING CONDITION®
o
; ‘ e COMPRESSIVE WAVE |
LOCA OCCURS LOADING ON CONTAINMENT |
DR YWELL PRESSURE RISES "-_.‘. o SONIC WAVE LOADING OF l
| DRYWELL J
=
e JET IMPINGEMENT AND BUBBLE,
VENTS CLEAR AND VENT - PRESSURE LOADS ON THE
AIM/STEAM FLOW STARTS CONTAINMENT ‘
e VENT CLEARING AND VENT
— FLOW aP ON DRYWELL |
e OUTWARD FLOW aP ON wEiR |
WALL “
| F IMPACT LDADS ON LOW ‘
| POOL SWELLS IN » STRUCTUAES !
A BULX MODE e DRAG LOADS ON STRUCTURES |
IN AND ABOVE THE POOL |
BREAKTHROUGH

'

[P20L SWELL CONTINUES IN A

FLOW RESTRICTION AT WCU

FROTH MODE AND ENCOUNTERS hg

q Mo FROTH IMPINGEMENT ON
HIGH STRUCTURES

|e FLOW aP ON HCU FLOOR

! AND ADJACENT CONTAINMENT

{£LOOR

DRYWELL VENTING
COMPLETE

-

| |

H

e ‘FALLBACK LODADSON
STRUCTURES

J l

Y

‘F—.l e CONDCNSATION LOADS
|
——

~
| STEAM CONDENSATION
| INPOOL AT VENT EXITS
L

-
| BLOWDOWN ENDS
|
L

e WEIR WALL AND DRYWELL
| LCADS DUE TO CHUGGING

'

ECCS FLOODING OF REACTCR
VESSEL AND ORYWELL
DEPRESSURIZATION

NEGATIVE PRESSUREC ON NEIR
‘ WALL DRYWELL AND ITS |

|

LONG TERM HEAT UP
OF THE POCL

prme=  PENETRATIONS
| & NEGATIVE FLOW 2P ON WEIR
WAL L
\

|
p— ¢ CONTAINMONT PRESSURE LOAD
i

\ —

SALLPOTENTIAL LOCA DYNAMIC LOADS ARE IDENTIFIED BUT ALL

ARE NOT SIGNIFICANT

Figure 2.1.

ISEE TEXT FOR DETAILS!
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3. DYNAMIC LOAD TABLE

The dynamic loading information for the Mark III containment system is presented
in the subsequent sections of this report. The data is presented in bar chart
form and shows the temporal distribution of loading sequences for the various
structures., At any given time on a bar chart it is assumed that the particular
structure being considered experiences all the loading conditions in those
"boxes" which span the gyiven time unless a specific exception is indicated.

Each chart has applicable loading information references. Table 3.1.1 sum-
marizes the accidents that influence the design of various structures.

Table 3.1.1
Summary of Postulated Accidents Affecting Mark III Structures

(DBA) (IBA) (SBA)
Large Intermediate Small
Structure Break Break Break
Drywell X X X
Weir Wall X X X
Containment X F X
Suppression Pool Floor X X -
Structures in Suppression Pool X X -
Structures at the Suppression X X -
Pool Surface
Structures Between the Pool X - -
Surface and the HCU Floor
Structures at the HCU Floor X - -
Elevation
Notes:

1. ¥ indicates accident with significant loading conditions
2. For concurrent S/R valve events, see appropriate bar charts

042178
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4, DRYWELL STRUCTURE

The drywell structure experiences loads during both the design basis loss-of=-
coolant accident and during a small steam break accident. Loads occurring
during an intermediate break accident are less severe than those associated
with the large and small break. The designer should consider other dynamic
loads that are not included in this report. These are pipe whip, jet impinge-
ment, missile, etc.

4.1 DRYWELL LOADS DURING A LARGE BREAK ACCIDENT

Figure 4,1 is the loading bar chart for the drywell structure during a large
steam line break. A discussion of the loading conditions follows:

4.1.1 Sonic Wave

Theoretically, a sonic compressive wave is initiated in the drywell atmosphere

following the postulated instantaneous rupture of a large primary system pipe.

This phenomenon is not considered in the drywell design conditions on the basis
that the finite opening time of a real break coupled with the rapid attenuation
with distance and short duration does not produce any significant loading in

the drywell.

4,1.2 Drywell Pressure

During the vent clearing process, tne drywell reaches a peak calculateag differ-
ential pressure of 21,8 peid. During the subsequent vent flow phase of the
slowdown, the peak pressure differential is less than 21.8 psid due to the
vetwell pressurization from the two-phase pool swell flow reaching the contain-
ment aunulus restriction at the HCU floor (see Figure 4.4). This wetwell
pressurization is a loczlized load that acts on the Drywell 0.D. below the

HCU floor. Interaction between pool swell and the limited number of structures

at or near the pool surface does rot adversely affect the drywell pressure.
Figure 4.4 shows the drywell pressure during the DBA. It incli des the HCU
floor pool swell interference effects. The analytical model pre ented in

Ref. 1 was used to calculate these values.
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lockage of the weir annulus flow area by equipment located above the annulus .
.ntrance has the potential for increasing the real drywell pressure differen-
rial., Attachment C presents data which show no potential pressure increase for

blockages up to 30 percent of the total area.

Dpuring the blowdown process, the drywell is subjected to differential pressures
between levels because of flow restrictions. This value varies with the size

of the restriction, but a bounding value for a 25 percent restriction is 0.5 psi
as discussed in Attachment D. On the basis of this bounding calculation, it

has bsen concluded that differential pressures within the drywell during the

DBA will be small and as such, need not be included in the drywell loading

specifications.

4,1.3 Hydrostatic Pressure

During the period of vent flow, the water normally standing in the weir annulus

{s expelled into the main suppression pocl and the lower regions of the drywell
experience an inward load due to the hydrostatic pressure associated with the

pool water, [f it is assumed that an earthquake is cccurring at this time, the .
horizontal and vertical accelerations of the building can influence the hydro=-

static pressure calculations. See Attachment B.

4.1.4 Loads On The Drywell Wall During Pool Swell

During bubble formation, the outside of the drvwell wall in tne pooi will be

subtect to varying pressures. A bounding range of 0 to 21.8 psid is specified

an those sections of the drywell wall below the suppression sool surface. The

busis for this specification i{s the knowledge that the miniamum pressure increase

is O psi and the maximum bubble oressure can never exceed the peak drywell pres-
ol |

sure of 21.8 2sid. Above the ncminal suppression pool surface, the pressure

|{inearlv decreases from 21.8 psid to O psid over 18.0 feet (see Figure 6.53).

Any structures in the containment annulus that are within approximately 20 feet

5 the initial suppression pool surface will experience upward loads during

101678
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pool swell (see Figure 12.2). If these structures are attached to the drywell
wall, then the upward loads will be transmitted into drywell structure. In
addition, the region of the drywell below the HCU floors will experience the
wetwell pressurization transient during pool swell froth atr the HCU floor, as

shown in Figure 4.4.
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Sections 9, 10, 11 and 12 discuss applied loads for equipment, floors, etc.

that are located in the containment annulus.

4.1.5 Condensation Oscillation Loads

Following the initial pool swell transient (during a LOCA) when the drywell air
i{s vented to the containment free space, there is a period of 0.05 to 1.5 minutes
(depending upon break size and location) when high steam mass flows through the
top vents and condensation oscillation occurs. Vent steam mass fluxes of up to
25 1bn/nec/ft2 occur as a result of either a main steam or recirculation line
break. Steam and liquid blowdown tests with various blowdown orifice sizes have
been performed in the PSTF facility.

Some pressure oscillations have been observed on the drywell wall. Figures 4.5
and 4.5a give a summary of the magnitude of the top vent exit pressure
fluctuations observed during PSTF steam tests. The data has been plotted

against vent submergence and is independent of this parameter.

Additional instrumentation was located on the drywell wall above the top vent
in PSTF Series 5807. Typical test data traces are shown in Figure 4.6 and show
the localized nature of the condensation loads. Maximum pressure amplitude

decreases from approximately :10 psid to approximately =2 psid in two feet.

The condensation oscillation forcing function to be used for design is defined
as a summation of four harmorically related sine waves developed from a regres-

sion analysis of the data obtained in test series 5807 (Referemce 13):

P(7) = ééiL { 0.8 stn (2 x T x. £(2))

+ 0.3 ain (4nm x 1t x £(L))

(Eq. 4-1)
+ 0.15 sin (6w x T x f(c))

+ 0.2 sin (8n x 7t x £(t))} (psid)
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where:

P(t) = pressure amplitude (psid) for consecutive cycles beginning at
time t = 3 sec.and ending at Tp
n
A(t) = peak-to-peak pressure amplitude variation with time, (psid)
« 5.5 (3.395 - 0.106t + 1.15 log t = 7.987 (log t)°
+ 7.688 (log £)° = 1.344 (log ©)°} Eqn (4.2)*

f(t) = fundamental frequency variation with time, (Hz)
« 0.8 {2,495 - 0,225 ¢t - 0.742 log t + 10.514 (log t)2
- 9.271 (log t)3 + 3.208 (log t)“} £qn (6.3)"

*Log terms shown in Equations 4.2 and 4.3 are log to base 10. I

t = time (sec), 3 < t < 30, time from initiation of LOCA blowdown

o
—

T = time increment for successive periods Tp1 <t Ty,
n
TP - ;7%3; where n is number of cycles between 3 and 30 sec.

1

P(1) from Eqn (4.1) has been calculated for 4 cycles and is shown in Figure 4.6b,
Eqn (4.1) has been calculated and digitized in Attachmenc O of this report.

The spatial distribution of the forcing function amplitude over the verted
surface of the suppression pool is shown in Figure 4.6a. The amplitudes shown
are the maximum values determined from Eqn (4.1) normalized to 1.0 at the top

vent centrerline.

4.1.6 Fall Back Loads

In general, the data generated in the PSTF indicates that no significant loading
sonditions on the drywell wall occur during pool fall back. Figure 6.4 shows
that suppression pool wall pressures foll~ving bubble breakthrough return to
their initial pre-LOCA values during the 1.5 to 5 second period whea the pool
level is rubsiding. Therefore, fall back pressure loads are not specified for

Mark 111 dryvwell.
011880
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Structures attached to the drywell wall experience drag loads as the water level ‘
subsides to its initial level. These structures could experience drag forces

associated with water flowing at 35 fr/sec; typical drag coefficients are shown

on Figure 10.5. This is the rerminal velocity for a 20 ft. free fall and is a

conservative bounding number.

4,1.7 Negative Load During ECCS Flooding

Somewhere between 100 and 600 seconds following a LOCA (the time is dependent

on break location and size) the ECCS system will refill the reactor pressure
vessel, Subsequently, cool suppression pool water will cascade from the break
to the drywell and start condensing the steam in the drywell, The rapid drywell
depressurization produced by this condensation will draw non-condensable gas
from the containment free space via the drywell vacuum breakers. It is during
this drywell depressurization transient that the maximum drywell negative
pressure occurs, However, for design purposes a conservative bounding end point
calculation was performed which assumes that drywell depressurizatiom occurs

before a significant quanticy of air can retum to the drywell via the vacuum .

relief system. This theoretical conservative calculation yields a drywell to

containment negative pressure differential of 21 psi (see Attachment E). i
4.1.8 Chugging

pDuring vent chugging, drywell pressure fluctuations result if significant
quantities of suppression pool water are splashed into the drywell when the
returning water i{mpacts the weir wall. This can result in a pressure dif-
ferential between the drywell and contaiament as shown in Figure 4.9, The
maximum values of this load (+2.0, -0.7 psid) are negligible when compared to
the peak positave drywell pressure used for drywell design and the negative
pressure discusseaq in Attachment E (Peak Negative Nrywell Fressure). Chugging

{3 ar. oscillatory phenomenon having a seriod of 1 to 5 seconds.

The PSTF data shown on Figure 4.9 from the 5801, 5802, 5803 and 5804 series
of 1/ scale PSTF tests. The data has been plotted against top vent sub~-
nergence with no obvious correlation. Because volumes and areas of the 1/3 scale .

tests are correctly scaled, the tests are more appropriate as a source of chugging
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{nduced drywell pressure data than large scale tests 5701, 5702, and 5703

discussed in Reference 4. The large scale PSTF configuration had a drywell
volume to vent area ratio only one-third of either the full scale Mark III
or the 1/3 scale PSTF configuration. Drywell pressure variations during

chugging result from a combination of fluctuating steam condensation rates
at the vent exit and water splashing {nto the drywell. The undersized dry-
well of the large scale PSTF would tend to exaggerate the drywell pressure

response.

4.1.9 Loads Due to Chugging

In addition to the bulk drywell pressure fluctuations, high amplitude pressure
pulses are observed when the steam bubbles collapse in the vents during chug-
ging. The dominant pressure response to the top vent during chugging is of
the pulse train type with the peak amplitude of the pulses varying randomly
from chug to chug. The pressure pulse train associated with a chug consists
of a sequence of four pulses with exponentially decreasing amplitude as shown

in the typical pressure trace in Figure 4.7.

The dominant pressure responses in the suppression pool during chugging is
characterized by a prechug underpressure, an impulse (pressure spike), and a

post chug oscillation as shown in the data trace in Figure 4.8.

The chugging process as observed in PSTF tests has a random amplitude and fre-
quency. Although it is expected that chugging will occur randomly among the
vencs, synchronous chugging in all top vents is assumed. Each vent is expected
to be periodically exposed tc¢ the peak observed pressure spike. The pool bound-
ary load definition considers that the chugging loads transmitted to the dry-
we!l wall, weir wall, basemat and containment are the result of several vents

chuggiag simultaneously at diflierent amplitudes.

The potential for asymmetric chugging loads is discussed in Attachment L.
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4.1.9.1 Chugging Loads Applied To Top Vent

Within the top vent, the peak pressure pulse train shown in Figure 4.7a is
applied for local or independent evaluation of vents. Althcugh some variation
{s observed in the pressure distribution from the top to the bottom of the
vent, it is conservatively assumed that during the chugging event the entire
top vent wall is simultaneously exposed to spatially uniform pressure pulses.
Because some net unbalance in the pressure distribution gives rise to a
vertical load, the peak force pulse train shown in Figure 4.7b is applied
vertically upward over the projected vent area concurrently with the peak
pressure pulse train to evaluate local effects at one vent. For global effects,
the average force pulse train shown in Figure 4.7c is applied vertically over
the projected area of all top vents concurrently with the average pressure

pulse train within the vent shown in Figure 4.7d.

As can be seen in Figure 4.7, the underpressure preceding the pressure pulse
train within the top vent is very small compared to the peak (spike) over-
pressure. The mean measured pressure (results from tests) was -9 psid with a
standard deviation of =3 psid. On this basis, the specified design value is
-15 psid.

4.1.9.2 Pool Boundary Chugging Loads

The chugging load applied to the pool boundary (drywell, basemat and contain-
ment) is described by the typical forcing function shown in Figure 4.8a. The

forcing funciion consists of a pre-chug underpressure defined as a half sine

wave, & triangular pulse (pressuce spike) loading characrerized by a time

= " 1. - % - 2
duration "d" and a pousc-chug oscillation described by a damped sinuscidg.
The pulse is at its maximum magnitude and duration near the top vent on tne

drywell wall due to the localized nature of the phenomena. The amplitude of

the pre-chug underpressure and the post-chug oscillation are also maximum at
this location.
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For local load considerations on the pool boundary:

e Pre-chug underpressure

+ peak amplitude - Table 4.1
+ distribution - Figure 4.8b

e Pulse (spike)

+ peak amplitude - Table 4.1
+ distribution - Figure 4.8d
* duration - Figure 4.8e

e Post-chug oscillation

* peak amplitude - Table 4.1
* distribution - Figure 4.8f

Local chugging loads should be used to evaluate local effects such as pool
liner buckling and vent liner stresses. Local chugging loads shall not be

combined with other loads.

For distribution in the horizontal (circumferential) direction, the pre=chug
underpressure attenuates on the drywell, basemat and containment, as shown

ia Figure 4.8g. The pulse attenuation is the same as the lower portion of

the vertical attenuation shown in Figure 4,84, except that the peak is at

the vent centerline, and the post=-chug oscillation attenuates on the drywell,
basemat and containment, as shown in Figure 4.8h. The profiles in Figures 4.8g
and 4.8h represent the peak observed value at one vent, with the cther vents

chugging at the mean value.

For global load considerations on the pool boundary:

e Pre-chug underpressure

+ mean amplitude - Table 4.1
. distribution - Figure 4.8¢
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e Pulse (spike)

+ mean amplitude ~ Table 4.1
* distribution - Figure 4.8d

* duration = Figure &4.Be

e Post-chug oscillation

+ mean amplitude - Table 4.1
« distribution - Figure 4.8i

@ Mo horizontal attenuation for this loading

Global loads should be used for load combinations and for piping and equipment

response calculations.

4,2 DRYWELL LOADS DURING INTERMEDIATE BREAK ACCIDENT

The loading conditions caused by an intermediate break are less than those in a
DBA or small break; however, they are examined because actuation of the ADS

can be involved. (See Attachment A) Figure 4.3 is a bar chart for this condition.

4,3 DRYWELL DURING A SMALL BREAK ACCIDENT

A small steam break can lead to high atmospheric temperature conditions in the

drywell, Figure 4,2 is the bar chart for this accident.

4.,3.1 Drvwell Temperature

For drywell design purposes, it is assumed that the operator reaction to the
small break is to initiate a normai shutdown. Under these circumstances, the
blowdown of reactor steam can last for a 3 to 6~hour period. The cerrespondiag
design temperature is defined by fiudiug the combination of primary systen
pressure and drywell pressure which produces the maximum superheat temperature.
Steam tables show that the maximum drywell steam temperature occurs when the
primary svstem is at approximately 450 psia and the containment pressure is at

a maximum,
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During an SBA the continuing blowdown of reactor steam will cause all the air
initially in the drywell to be purged to the containment free space. The peak
superheat temperature is 330°F. This temperature condition exists until the
RHR shutdown cooling is completed in approximately three hours. At this time,
after three hours, the pressure in the reactor pressure vessel is 150 psia

and the corresponding superheat temperature is 310°F. This may exist for

three hours. These superheat temperatures correspond to drywell atmosphere
only; separate analyses are required to determine transient response uf the
drywell wall to the elevated steam temperatures. See Section 4.5 for additional

environmental information.

4,3,2 Drywell Pressure

With the reactor and containment operating at maximum normal conditions, a small
break occurs allowing blowdown of reactor steam to the drywell., The resulting
drywell pressure increase leads to a high drywell pressure signal that scrams
the reactor and activates the containment isolation system. Drywell pressure
continues to increase at a rate dependent on the size of the assumed steam leak.
This pressure increase to 3 psig depresses the water level in the weir annulus
until the level reaches the top of the upper row of vents. At this time, air
and steam enter the suppression pool. Steam is condensed and the air passes to
the containment free space. The latter results in gradual pressurization of the
containment at a rate dependent upon the air carryover rate. Eventually,
entrainment of the drywell air in the steam flow through the vents results in
all drywell air being carried over to the containment. The drywell is now full
of steam and a positive pressure differential sufficient %o keep the weir annulus
water level depressed to the top vents is maintained. Continued reactor blow-

down steam is condensed in the suppression pool.

-
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4.3.3 Chugging

During a small break accident there will be chugging in the top vents.
Applicable chugging loads on the drywell and vents are discussed in Sections
4.1.8 and 4.1.9. The Mark III drywell design does not require the combination
of the SBA thurmal loading condition with the 21.0 psi negative pressure load.

4.4 SAFETY RELIEF VALVE ACTUATION

Relief valve cperation can be initiated as a result of either a single failure,
ADS operation, or by a rise in reactor pressure to the valve set points. In
addition, the drywell can be exposed to $/R valve actuacion loads any time

the operator elects to open a valve or valves, as during an isolated cooldown.

The loads generated by S/R valve actuation are discussed in Attachment A.

4.5 DRYWELL ENVIRONMENTAL ENVELOPE

Figure 4.10 shows the design envelope of drywell atmospheric pressures

and temperatures for the spectrum of postulated loss-of-coolant accidents.
Figure 4.10 defines only the drywell atmospheric condition; separate
inalyses are required to evaluate the transient structural response to these
conditions. The high pressure and the high temperature conditions shown

for the first 45 seconds cannot occur simultaneously and need not be con=-

s;idered in combination.

4.6 TOP VENT TEMPERATURE (CYCLING) PROFILE DURING CHUGGING

Full scale test results (Reference 16) indicate rhat during chugging the
vater level in the weir sanulus fluctuates cover a & fore band centered at
sbout the top vent centeriine, The weir wall and the inaside drywell wall
then are subjecred to steam temperatura (230°F) above tha top vent and ccid
peol tempevature (100°F) near the lower ven™s, with a transition region

{a-hetween, where the temperalure fluctuates due to the chugglng process.
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For weir annulus thermal stratification, the most severe design condition
results from imposing the maximum drywell temperature (3309F) concurrent

with the initial suppression pool temperature (see Section 4.3.1).

For evaluation of local effects, the cyclic temperature profile during
chugging is shown in Figure 4.11. The cycling temperature ranges from 100°F
to 2309F; and the period is equal to the chugging period, which randomiy

varies from 1 to 5 seconds. The areas of application are:

® 4 foot horizontal band on the weir wall and inside drywell,
® the upper inside vent surface,
® and an area of the outside drywell wall just above each top vent, »

as shown on Figure 4.11.

The duration of the thermal cycling is identical to the duration of chugging

(see bar charts, Figure 4.3). As the event proceeds, the 4T reduces in
amplitude due to bulk pool temperature increase. As part of the design
calculation, this bulk pool temperature should be considered and is shown in
Figure 6.17. The long and short term thermal gradients are discussed in

Attachment N.

4.7 DRYWELL MULTICELL EFFECTS

Chugging is conservatively considered to be synchronous for the Mark III

load definitions. The typical pressure time history is shown on Figure &4.8a.
Superimposed chugging spikes from adjacent vents, as confirmed by multi~

cell tests (ref. 18), are mincr and considered to be insignificant. On
Figure &£.8! these spikes are superimposed to indicate the typical

magnitude,

J11880
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Figure 4.5, PSTF Test Results = Vent Static Pressure Differential
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Typical Top Vent Pressure Irace During Chugging, Run
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Figure 4,9,
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5. WEIR WALL

The weir wall experiences loading conditions during both the design basis accident
and during a small steam break accident. Figures 5.1 and 5.2 are the bar charts
for these two cases. The intermediate break loads are less severe than those
associated with the large and small break. Figure 5.3 is the bar chart for this

case.

5.1 WEIR WALL LOADS DURING A DESIGN BASIS ACCIDENT

5.1.1 Sonic Wave

For the reasons discussed in 4.1.1, this phenomenon is not included in the weir
wall design conditions. A sonic ccmpressive wave does not produce a design

load condition in the drywell.

5.1.2 Outward Load During Vent Clearing

The pressure drop at any point on the weir wall due to the acceleration of
water during vent clearing is less than the local hydrostatic pressure. There-
fore, there is no net outward load on the weir wall due to vent clearing. This
conclusion is based on the predictions of the analytical model presented in
Reference 1.

e

1.3 Outward Load Due to Vent Flow

Once flow of air, steam and water droplets has been established in the vent
svstem, there will be a static pressure reduction in the weir annulus that

leads to approximately a 10 psi uniform outward pressure on the weir wall.

=

This loading was calculated with the vent flow model described in Reference
and for design purposes is assumed to exist during the first 30 seconds of

blowdown.

5.1.4 Chugging Loads

The pressure pulses generated inside the top vents during chugging (see

Section 4.1.9) propagate toward the weir annulus. A typical trace of the

101678
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pressure pulses on the. weir wall is shown in Figure 5.4. The dominant
pressure response in the weir annulus during chugging is characterized by
a pre-chug underpressure followed by a pressure pulse train, as shown in
Figure 5.4a. The load applied to the weir annulus (weir wall, basemat and
{nside drywell wall) is described by a pre-chug underpressure, defined as
2 half sine wave as shown in Figure 5.5, followed by the pressure pulse
train shown in Figures 5.5a or 5.5b. For local load considerations the
peak amplitudes are applied, and for global considerations the mean ampli-

tudes are applied.

Vertical attenuation of the weir underpressure is very small; for design

evaluation, no attenuation should be assumed. For the pressure pulse train,
the attenuation on the weir wall and drywell ID wall in the vertical direc-
tion is shown in Figur: 5.6. For all global loads, there is no attenuation

in the circumferential direction.
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5.1.5 Inward Load Due to Negative Drywell Pressure

Due to negative drywell pressure discussed in Section 4.l1.7, reverse water
flow in the horizontal vents will lead to inward acting impingement loads on
the weir wall. A simple, steady-state flow analysis leads to flow velocities
approaching 40 ft/sec if it is assumed that a 21 psi negative differential

exists between the drywell and containment.

This leads to a total impingcment force on the weir wall of 12,800 1lb. per
vent applied over the projected area of the vents as shown in Attachment H.
This number is based on a simple jet impingement analysis which assumes that
the force on the weir wall corresponds to a change of the horizontal momentum

of the water flowing through the vents.

This same negative drywell condition can theoretically result in the flow of water
over the weir wall into the drywell. Using the nominal predicted drywell
depressurization time history shown in Figure 5.7, a peak velocity of 30 feet/ |
sec can be calculated at the top of the weir wall. This velocity is decreased

due to the effects of gravity with elevation and the spreading of the flow

field so that the maximum elevation reached is 14 feet above the top of the l
weir wall as shown in Figure 5.8. Structures in the path of the water are

designed for drag loads using the following equation:

-~

AcV®
CD

“5.

where:

F = Drag Load Force, 1lbf

Drag coefficient

O
Lo
"

.
A = Area Normal to Flow, Ft°© |
£ = Density of Water, 62.4 lbm/ft

. "
gc = Newton's constant, 32.2 lbm-ft/lbf-sec*

V = Velocity of fluid, ft/sec.
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5.1.6 Suppression Poor Fallback Loads

———

For the reasons presented in 4.1.6 and since the weir annulus pressure is
~ontrolled by vent flow during the period of interast, no suppression pool

fallback pressure loads are specified for the weir wall.

5.1.7 Hydrostatic Pressure

During the first second after the DBA, the water in the annulus is depressed

to the ottom vent; therefore, there is no inward hydrostatic pressure load on
the weir wall. Post LOCA hydrostatic load is an outward load due to the differ-
ence between the water within the weir wall and the level in the suppression
pool. The influence of seismic accelerations on hydrostatic pressure distri-

bution is discussed in Attachment B.

5.1.8 Safety Relief Valve Loads

In the event of safaty relief valve actuation, the hydrodynamic pressure oscil-
lations associated .ith the pipe air clearing transient can reach the weir wall
through the vents. Attachmunt A provides loading information. The S/R valve

load is applied to the projected vent hole area on the weir wall.

5.1.9 Condensation

There will be no loads induced on the weir during condensation, as shown by

lack of transducer response in the tests.
5.2 WE.R WALL LOADS DURING AN INTERMEDIATE BREAK ACCIDENT
Figure 5-) shows the bar chart for the weir wall during the IBA. The safety

relief loads associated with ADS activation are discussed in Attachment A.

The LOCA induced pressure differential across the weir wall will be small.
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5.3 WEIR Wall LOADS DURING A SMALL BREAK ACCIDENT

The loading sequence for the weir wall during a small steam line break is essen-
tially the same as for the drywell wall with the exception that there will be no
pressure differential across the weir wall other than hydrostatic pressure.

Apart from that, the information in Section 4.3 applies.

5.4 WEIR WALL ENVIRONMENT ENVELOPE

The temperature and pressure for the drywell envelope data (Figure 4-10)
applies to the weir wall with the exception of the temperature of that part of
the outside face which is below the elevation of the upper vents. This region
will remain submerged and will be maintained at suppression pool temperature.
It should be noted that the weir wall structure is totally within the drywell
and effects of environmental conditions should be examined c¢a this basis,

/,

including the thermal cvcling during chugging (see Section 4.6).

The first 6 hours of the environmental conditions defined on Figure 4.10 are
based on a small steam break. Faster shutdown by operator can reduce the
duration of the small break to 3 hrs. For a large break, the free volume inside
the weir wall is flooded and environmental temperature conditions will correspond
to the water temperature in this volume. This is less severe than the conditions

of Figure 4.10.

5.5 WEIR ANNULUS MULTICELL EFFECTS

Chugging is conservatively considered to be synchronous for the Mark III load
jefinitions. The typical pressure time history is shown on Figure 5.4a.
Superimposed chugging spikes from adjacent vents, as confirmed by multicell
tests (ref. 18), are minor and considered to be insiguificant. On Figure 5.9

these spikes are superimposed to indicate the typical magnitude.
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OF 1 = 20 nun
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Figure 5-3. Weir Wall-Loading Chart for 1BA
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WEIR aNNULUS
POOL SURFACE
ELEVATION DURING
CHUGGING

TOP VENT @

—

B

PEAK AMPLITUDE 43 psa ~ SEE FIG S 5a ’

MEAN AMPLITUDE 1S pmo ~ SEE FIG 5 5t
DURATION 5 msec

|
THIS ATTENUATION ALSO

APPLIES TO THE
CIRCUM ERENTIAL DIRECTION

Y

6.

J4

Normalized

08 10

NORMALIZED PRESSURE

welr

Annulus Pressure Pulse Attenuation
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6. CONTAINMENT

The containment experiences dynamic loadings during all three classes of
loss-of=-coolant accidents. The containment designer should consider other
containment loads such as negative pressures during containment spray activation,
pipe whip, shield building loads, jet impingement etc. that are not included

in this report.

6.1 CONTAINMENT LOADS DURING A LARGE STEAM LINE BREAK (DBA)

Figure 6-1 is the bar chart showing the loading conditions that the contain-
ment structure may experience during the DBA LOCA. Design loads for the various
structures in the containment annulus are presented in Sections 7 thru 12.
Figures 2.2-2 through 2.2-6 show typical structures above the suppression pool

in the standard plant arrangements.

6.1.1 Compressive Wave Loading

Verv rapid compression of the drywell air could, theoretically, result in a
compressive wave being generated in the weir annulus water. This wave could

thsn travel down the weir annulus, through the vents and accross the pool to

‘he containment wall. This phenomenon is not specifically included in the
containment design conditions on the basis that the approximately 20 psi per
second pressure rate in the drywell is not sufficiently rapid to generate a com-
pressive wave in the water. In addition, even if a 20 psi/sec wave were generated
4t the weir annulus surface, the very significant attenuation as the wave crosses

he 18.3 ft. wide suppression pool would lead to insignificant containment wall

tt
loads. This phenomena has never been observed in any GE Pressure Suppression

el

-
-

€

in

6.1.2 Water Jet Loads

. Examination of applicable PSTF data shown in Figure 6.4, indicates some evidence I
of a loading of the containment wall due to the water jet associated with the

vent clearing process (i.e., less than 1 psid), as indicated by the small spike at I
0.8 sec. Water jet loads are negligible when compared to the subsequent air

tubble pressure discussed in Section 6.1.3 and are not specific.lly included as

a containment design load.
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6.1.3 Initial Bubble Pressure

The PSTF air test data for rums 3 and 4 (Ref. 7) has been examined for evidence
of bubble pressure loading of the suppression pool wall oppnsite the vents.

These tests were chosen because the drywell pressure at the time of vent clear-
{ng is comparable to that expected in a full scale Mark III (i.e., approximately
20 psid and because the vent air flow rates and associated pool dynamics would

be more representative than the large scale steam blowdown tests. The maximum
bubble pressure load om the containment observed during PSTF testing was 10 psid
as shown in Figure 6.4. Figure 6.6 is a summary of all the peak containment wall
pressure observed in PSTF tests during the bubble formation phase of the blow-
down. The Mark III design load which {s based on these tests, is shown in

Figure 6.5. I

The magnitude of the containment pressure increase following vent clearing is

dependent upon the rate at which the drywell air bubble accelerates the suppres-~
sion pool water, Circumferential variations in the air flow rate may occur due
to drywell air/steam mixture variations but it results in negligible variations

{n the containment bubble pressure load. (See Attachment L). .

The conservative asymmetric condition assumes that all air is vented on half of

the drywell periphery and steam is vented on the other half.

The large scale PSTF test data is the basis for specifying the maximum asym=
metric load of 10 psi. Figure 6=6 is a summary of all the peak containment wall
pressures observed in PSTF tests during the bubble tormation phase of the blow=
down. Figure 6.4 shows a typical transient. A maximum increase of 10 psid on |
the containment wall was ob.- rved in the PSTF at the Mark III drvwell peak cal-
culated pressure of 36..  si., Figure 6-6 shows the maximum increase close to

zerc. Thus, use of a 10 psid asymmetric prussure condition applied in a worst l
sase distribution is a bounding specification will be uged for containment

evaluation.

6.1.4 Hvdrostatic Pressure

In addition to the hydrostatic load due to the suppression pool water, the data ‘

presented in Attachment B is used fo determine the hydrostatic pressure loads on

090779



2244365
Rev. 4 6-3

the containment during an earthquake. During periods of horizontal accelerations
there will be an asymmetric distribution around the circumference of the con-
tainment. The maximum pool level above the pool bottom in the suppression

pool is 22 feet and is 26 feet for the drywell and weir annulus.

6.1.5 Local Containment Loads Resulting from the Structures at or Near the
Pool Surface

Any structures in the contzinment annulus that are at or near the suppression
pool surface experience upward loads during pool swell. If these structures
are attached to the containment wall, then the upward loads are transmitted
into the containment wall. Sections 9 and 10 discuss the types of loads that

will be transmitted.

Localized loads on the containment wall resulting from the pressure losses

associated with water flow past a body are depicted inm Figure 6-8. The data
presented in this figure is based on drag type calculations and assumes that
the affected structures have design features which preclude impact type loads

from occurring.

6.1.6 Contaiwm .at Load Due to Pool Swell at the HCU Floor
txetwell_rrgSSurization)

This structure is approximately 20 ft. above the pool surface and is 8 feet above
the point where breakthrough begins. Froth will reach the HCU floor approxi-
mately 1/2 second after top vent clearing and will generate bot! impingement
loads on the structures and a flow pressure differential as it passes through

the restricted annulus area at this elevation.

The impingement will result in vertical loads on the containment wall from anv
structures attached to it and the flow pressure differential will result in an
outward pressure loading on the containment wall at this location, The
impingenent loads will be 15 psi and the froth pressure drop across the ECU

flocr has been calculated to be 11 psi; the containment wall will see an

011880
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11 psi discontinuous pressure loading at this elevation. Figure 6-9 shows
details of the 11 psi pressure loading. The bases for both the impingement and

flow pressure loading are discussed in Section ll and ¢ b I

When evaluating the containment response to the pressure differential at the

HCU floor, any additional loads transmitted to the containment via HCU floor
supports (beam seats, ets.) must be assumed to occur simultaneously. These loads
are based on the assumption that there {s approximately 1500 ft? of vent area
reasonably distributed around the annulus at this elevation. For plant configu-
rations with HCU flow vent area other than 1500 ftz (see Figure 6-16 for the frocth
pressure drop). The question of circumferential variations in the pressure under-

neath the HCU floor is addressed in Section 12, and Attachment F.

6.1.7 Fall Back Loads

No significant pressure loads are indicated from the data generated by the

PSTF during the period when suppression pool water is subsiding to its original
level following pool swell. Figure 6-4 shows that during the 2 to 5 seconds
suppression pool fall back is occurring, the pool wall pressure probes show no

avidence of pressures higher than the initial static pressure.

Structures within the certainment annulus below the HCU floor will experience fall
back induced drag loads as the water level subsides to its initial level. For
design purposes, it is assumed that these structures will experience drag forces
issociated with water flowirg at 35 ft/sec; typical drag coefficients are shown

on Figure 10=5. This is the terminal velocity for a 20 ft. free fall and is a

conservative, bounding number.

5.1.8 Post Pool Swell Waves

Visual observations of PSTF tests indicate that following pool swell, the sur-
face of the suppression pool is agitated with random wave action having peak to
peak amplitudes of less than 2 ft. These waves do not generate significant

containment loading conditions.
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6.1.9 Condensation Oscillation Loads

During the condensation phase of the blowdown, there have be2en some pressure
oscillations measured on the containment wall in PSTF tests. Figures 6.10
and 6.11 show typical traces of the containment wall pressure fluctuations

observed during the condensation phare of the 1/3 scale PSTF tests.

The forcing function to be used for design is describec in section 4.1.5.
The magnitude of the load on the containment wall is shown in Figures &4.6a
and 4.6b.

6.1.10 Chugging

Examination of the PSTF data shows that attenuated vent system pressure fluc-
tuations associated with the chugging phenomenon is transmitted across the
suppression pool. Figures 6.12 and 6.13 show typical contalinment wall and
basemat pressures from full scale PSTF tests. Chugging loads on the contain-

ment are defined in subsection k.19

6.1.11 Long-Term Transient

Following the blrwdown, the Mark III containment system will experience a long
.erm suppression pool temperature increase as a result of the continuing core
decay heat. The operators will activate the RHR system tO control the tem-
perature increase, but there will be a period of contazinment pressurization
before the transient is terminated. Figure 6.14 shows the envelope of contain-
ment atmospheric pressure and temperature for all postulated breaks. The
Figure defines only the containmen: atmospheric condition. Separate analyses
are required to evaluate the transient structural response to these conditions.
Peak design containment pressure is 15 psig and peak design containment

temperature is 185°F.
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The model used to simulate the long term post LOCA contain-

ment heat up trans.ent is described in supplement 1 to Reference 1.

6.1.12 Containment Environmental Envelope

Figure 6.14 is a diagram showing the maximum design containment pressure
and temperature envelope for any size of credible primary system rupture. The

long term containment pressure following a DBA is shown on Figure 6.15.
6.2 CONTAINMENT LOADS DURING AN INTERMEDIATE BREAK ACCIDENT

Figure 6.2 i{s the bar chart for the containment during an intermediate break
that is of sufficient size to involve the ADS system. Since these breaks are
typically quite small and because there is a two minute timer delay on the ADS
system, all the drywell air will have been ,urged to the containment prior to
the time the ADS relief valves open. Thus, th» containment will experience the
loads from multiple relief valve actuation coupled with the 5 psi, pressure
increase produced by the drywell air purge and pool heatup. Since the former
are pressure oscillations whose magnitude is not dependent upon the datum
level, these loads are additive. Attachment A defines the loading magnitudes

which are assumed for the S/R valve discharge.

The seismic induced increase in suppression pool hydrostatic pressure as a
result of horizontal accelerations is asymmetric. This loading sequence is
discussed in more detail in Attachment B.

6.3 CONTAINMENT LOADS DURING A SMALL BRFAK ACCIDENT

No containment loads will be generated by a small break in the drywell that are
any more severe th.a the loads associated with the intermediate or DBA break.

Figure 6.3 is the bar chart for this case.

There cre vaguarded RWCU lines in the containment that can rel;ase steam to

the containment free space in the event of a rupture. The RWCU isolation
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valves and flow limiter for this system are designed to terminate the blow-
down before significant containment pressurization can occur. Typically a

2 psi pressure increase may occur.

Steam released by a pipe break in the containment may stratify and form a
pocket of steam in the upper regicn of the containment. The steam temperature
will be at approximately 220°F whereas the air temperature will be at approxi-
mately its initial pre-break temperature. This temperature stratificatiocn

should be accounted for in the design.

Local temperatures of 330/250°F are possible in the event of reactor steam/

liquid blowdowns to the containment.

6.4 SAFETY RELIEF VALVE LOADS

Relief valve operation can be initiated as a result of either a single failure,
ADS operation, or a rise in reactor pressure to the valve set points. In
addition, the containment can be exposed to S/R valve actuation loads any time
the cperator elects to open a valve or valves as during an isclated cooldown.

The loads generated by S/R valve actuation are discussed in Attachment A.

6.5 SUPPRESSION POOL THERMAL STRATIFICATION

During the period of stear condensation in the suppression pool, the pool
water in the immediate vicinity of the vents is heated. For the Mark III
configuration, most of the condensing steam mass and energy are released to
the pool through the top vents. By natural convection the hot water rises,
and the cold watar is displaced towards the bottom of the pool. The vertical
temperature gradient resulting from this effect is known as thermal stratifi-
cation and if¢ iscussed in Attachment N. The momentary thermal stratificatics

for large break accident used in containment evaluation is shown in Figure 6.17.

6.6 CONTAINMENT WALL MULTICELL EFFECTS

Xo multicell effects on the containment wall were observed for pool swell or

condensation phenomena during multicell testing (ref 17 and 18).
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LOADING CONDITION

STHUCTURE CONTAINMENT WALL
ACCIDENT LARGE STEAM LINE BRLAK (DBA)

LOADS DUE TO SEISMIC ACCELERATION

(ATTACHMENT b,

HYDROSTATIC PRLSSURE NOTE POOL DUMP STARTS AT Saun ISLCTION G 1 4)

100°F POOL TEMPERATURE (SECTION 6.1 11 AND 65) 150 ¢ 180°F
L i A
SINGLE S/R VALVE ACTUATION ;E'g:."")""“;‘m A AND
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"‘T‘s LT““E“D':;‘AU"):‘::';C:’,E"" FREE SPACE DUE TO DRYWELL AIR SEE FIGURE 4 4
WIH TN CARRYOVER
WETWEL L PHESSURIZATION .
LOAD BELOW HCU FLOOR SECTION616.120 ———"— Sléc‘t:gm

LOADS DUE ) 7
TO POOL SWELL SECTION 6.1.5

POOL SWELL AND FALL BACK LOADS

FOR A GIVEN STRUCTURE ARE NOT
SECTION 6.1 8 COINCIDENT BOTH LOADS HAVE A

LOCA BUBBLE

PRESSURE LOAD SECTIONG 1.3

POST LOCA WAVLS

DURATION OF 05 sec POOL SWELL CAN
OCCUR 1 TO 1 5sec AFTER BREAK
DEPENDING ON HEIGHT ABOVE THE

WATEH JET POOL FALL BACK LOADS OCCUR
FALLBACK T Ay 7
IMPINGEMENT DURING | SECTION 612 i ok S TS M ATV TR
VENT CLEARING
COMPHESSIVE quvt SECTION 6.1.1 i ‘ |
LOAD OUTWARD CONDENSATION OSCILLATION LOADS SCCTION G 1.9
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Figure 6.1. Containment-Loading Chart for DBEA
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STRUCTURE CONTAINMENT WALL

ACCIDENT INTERMEDIATE STEAM LINE BHE AK (IBA)

LOADS DUE TO SEISMIC ACCE LERATION (ATTACHMENT B)
P YDROSTATIC PHESSURE NOTE POOL DUMP STARTS AFTEH ADS SECTIONG Y @)
®
SINGLE 5/ VALVE ACTUATION
s ATTACHMENT A,
SECTION 2 4
ADS ACTUATED
Z
Q
"
o
5 AIH RETURN TO
3 DAYWELL (SECA432)
z
M AR PURGED TO
é :j:‘;:v::NlM( NT « 3 pug POOL HEATUP RAISES CONTAINMENT TEMPERATURE AND PRESSURL T0
g (SEC 43 2) Spsig DRYWELL DIFFERENTIAL PRESSURE MAINTAINED AT 3 psid (SECTIONS 6 2.6 5)
CONDENSATION ; e
OSCILLATIONS CHUGGING SECTIONS 61986110
30 10) 500 1000
1+ TIME AFTER EVENT, sec
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Figure 0.2. Containment-Loading Chart for IBA
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LOADMNG CONDITION

STRUCTURE CONTAINMENT WALL
ACCIDENT SMALL STEAM BREAK

LOADS DUE TO THE SEISMIC ACCELERATION (ATTACHMENT B} |
HYDHOSTATIC PRESSURE NOTE POOL DUMP INCLUDED (AUTO AT 30 min) (SEC 61 4)
SINGLE S/R VALVE A, TUATION NOTE  DURING COOLDOWN WITH CONDENSER 130LATED, SEC 24

S/ VALVES ARE OPEF ATED PERIODICALLY FOR UP TO THREE HOURS

(ATTACHMENT A)

CHUGG NG NOTE  SHUGGING CAN LAST UNTiL BREAK ISOLATED OH VESSEL !
DEPRESSURIZED (SEC 6.1.10,23) |
e Gasnis i AR A S
[ o]
w
5
DRYWELL AIR CARRY OVER HAISES -t
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Ew
\ POOL HEATUP RAISES CONTAINMENT TEMPERATURE AND PRESSURE RISES TO 5 psig
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1 1 J
1 man 3 he B
TIML AFTER EVENT
: : >
Figure 6.3. Containment-Loading Chart for SBA -
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This figure is PROPRIETARY and is provided under separate cover.
gure 6.4 Observed Bubble Pressure During Pocl Swell -
Test Seriles 5706 Run &
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This figure is PROPRIETARY and is provided under separate cover.

Figure €.10. Typical Containment Wall and Basemat Pressure Traces During
Condensation, Run 23 (Ref. Test 5807)
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This figure is PROPRIETARY and is provided under separate cover.

Figure 6.11. Containment Wall and Basemat Pressure Time Histories,
Test 5807, Run 11
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This figure is PROPRIETARY and is provided under separate cover.

rontainment Wall Chugging Pressure Time History
Test Series 5707 Run 9
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