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ABSTRACT

The primary containment for the Enrico Fermi Atomic Power Plant,

Unit 2, was designed, erected, pressure-tested, and ASME Code

N-stamped during the early 1970 's for the Detroit Edison Company

by the Chicago Bridge and Iron Company. Since that time new

requirements, defined in the Nuclear Regulatory ' Commission's

Safety Evaluation Report NUREG-0661, which affect the design and

operation of the primary containment system have evolved. The

requirements to be addressed include an assessment of additional

containment design loads postulated to occur during a

loss-of-coolant accident or a safety relief valve discharge

event, as well as an assessment of the ef fects that these postu-

lated events have on the operational characteristics of the

containment system.

This plant unique analysis report documents the efforts under-
'

taken to address and resolve each of the applicable NUREG-0661

requirements, and demonstrates, in accordance with NUREG-0661

acceptance criteria, that the design of the primary containment

system is adequate and that original design safety margins have

been restored. The report is composed of five volumes which are:

o Volume 1 GENERAL CRITERIA AND ICADS METHODOLOGY-

o Volume 2 SUPPRESSION CHAMBER ANALYSIS-

o Volume 3 - VENT SYSTEM ANALYSIS

o Volume 4 INTERNAL STRUCTURES ANALYSIS-

o Volume 5 SAFETY RELIEF VALVE PIPING ANALYSIS-

|

|

This particular volume, Volume 1, provides introductory and
background information regarding the re-evaluation of the

suppression chamber design. This includes a description of the

Fermi 2 pressure suppression containment system, a description of
i

|O
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.

the structural and mechanical acceptance criteria, and the

hydrodynamic loads development methodology used in the

analysis. This document has been prepared by NUTECH Engineers,

Incorporated (NUTECH), acting as an agent responsible to the

Detroit Edison Company.

The volume number precedes each number assigned to pages,

sections, subsections, tables, and figures within a given volume.

9
DET-04-028-1
Revision 0 1-V

. - - _ _ _ - _



- _ -

|

|
|

O)i TABLE OF CONTENTS
s

Page

ABSTRACT l-iv

LIST OF ACRONYMS 1-ix

LIST OF TABLES 1-xi

LIST OF FIGURES 1-xiii

1-1.0 INTRODUCTION 1-1.1

1-1.1 Scope of Analysis 1-1.8

1-1.2 General Description of the Containment 1-1.10
System

1-1.3 Review of Phenomena 1-1.12

1-1.3.1 LOCA-Related Phenomena 1-1.13
1-1.3.2 SRV Discharge Phenomena 1-1.15

1-1.4 Evaluation Philosophy 1-1.17

(s_n) 1-2.0 PLANT UNIQUE CHARACTERISTICS 1-2.1
e

1-2.1 Plant Configuration 1-2.2

1-2.1.1 Suppression Chamber 1-2.6
1-2.1.2 Vent System 1-2.14
1-2.1.3 Internal Structures 1-2.23
1-2.1.4 SRV Discharge Piping 1-2.27

1-2.2 Operating Parameters 1-2.29

l-3.0 PLANT UNIQUE ANALYSIS CRITERIA 1-3.1

1-3.1 Hydrodynamic Loads: NRC Acceptance 1-3.2
Criteria

1-3.1.1 LOCA-Related Load Applications 1-3.4
1-3.1.2 SRV Discharge Load Applications 1-3.7
1-3.1.3 Other Considerations 1-3.9

0)'c

DET-04-028-1
OUkQQhRevision 0 1-vi



_ _ _ .

1

1

I

TABLE OF CONTENTS h

(Continued) ;

Page

1-3.2 Component Analysis: Structural 1-3.10
Acceptance Criteria

1-3.2.1 Classification of Components 1-3.11
1-3.2.2 Service Level Assignments 1-3.12
1-3.2.3 Other Considerations 1-3.17

1-4.0 HYDRODYNAMIC LOADS DEVELOPMENT METHODOLOGY AND l-4.1
EVENT SEQUENCE SUMMARY

1-4.1 LOCA-Related Loads 1-4.3

1-4.1.1 Containment Pressure and 1-4.5
Temperature Response

1-4.1.2 Vent System Discharge Loads 1-4.6
1-4.1.3 Pool Swell Loads on the Torus 1-4.8

Shell
1-4.1.4 Pool Swell Loads on Elevated 1-4.10

Structures
1-4.1.4.1 Impact and Drag Loads 1-4.11

on the Vent System |||l-4.1.4.2 Impact and Drag Loads 1-4.15
on Other Structures

1-4.1.4.3 Pool Swell Froth 1-4.19
Impingement Loads

1-4.1.4.4 Pool Fallback Loads 1-4.25
1-4.1.5 LOCA Waterjet Loads on Submerged 1-4.28

Structures
1-4.1.6 LOCA Bubble-Induced Loads en 1-4.36

Submerged Structures
1-4.1.7 Condensation Oscillation Loads 1-4.41

1-4.1.7.1 CO Loads on the Torus 1-4.42
Shell

1-4.1.7.2 CO Loads on the 1-4.53
Downcomers and Vent
System

1-4.1.7.3 CO Loads on Submerged 1-4.67
Structures

1-4.1.8 Chugging Loads 1-4.71
1-4.1.8.1 Chugging Loads on 1-4.73

the Torus Shell
1-4.1.8.2 Chugging Downcomer 1-4.81

Lateral Loads
1-4.1.8.3 Chugging Loads on 1-4.85

Submerged Structures

e
DET-04-028-1
Revision 0 1-vii EllI

_ _ _ _ _ _



_

() TABLE OF CONTENTS

(Concluded)

Page

1-4.2 Safety Relief Valve Discharge Loads 1-4.89

l-4.2.1 SRV Actuation Cases 1-4.94
1-4.2.2 SRV Discharge Line Clearing 1-4.100

Loads
1-4.2.3 SRV Loads on the Torus Shell 1-4.105 ,

1-4.2.4 SRV Loads on Submerged 1-4.111
Structures

'

l-4.3 Event Sequence 1-4.116

1-4.3.1 Design Basis Accident 1-4.119
l-4.3.2 Intermediate Break Accident 1-4.125
1-4.3.3 Small Break Accident 1-4.127

1-5.0 SUPPRESSION POOL TEMPERATURE MONITORING SYSTEM l-5.1

1-5.1 Suppression Pool Temperature Response to 1-5.2
SRV Transients

1-5.2 Suppression Pool Temperature Monitoring 1-5.9

(} System Design

1-6.0 LIST OF REFERENCES 1-6.1

s

x_/

DET-04-028-1
Revision 0 1-viii NI



,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|LIST OF ACRONYMS

ADS Automatic Depressurization System

ASME American Society of Mechanical Engineers

BWR Boiling Water Reactor

CDP Cumulative Distribution Function

CO Condensation Oscillation

DBA Design Basis Accident

DC/VH Downcomer/ Vent Header
"d

FSAR Final Safety Analysis Report

FSI Fluid-Structure Interaction

FSTF Full-Scale Test Facility

HPCI High Pressure Coolant Injection

IBA Intermediate Break Accident

|hI&C Instrumentation & Control

LDR Load Definition Report (Mark I Containment Program)

LOCA Loss-of-Coolant Accident

LTP Long-Term Program

MCF Modal Correction Factors

NEP Non-Exceedance Probability

NOC Normal Operating Conditions

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply System

PUAAG Plant Unique Analysis Application Guide

PUA Plant Unique Analysis

PUAR Plant Unique Analysis Report

PULD Plant Unique Load Definition

9
DET-04-028-1

MQfg_Qh.Revision 0 1-ix

_ - -_



. . - . . .. -- . . _- __ . - - . __,

I

!

!

( LIST OF. ACRONYMS

(Concluded),

QSTF Quarter-Scale Test Facility
;

j kCIC Reactor Core Isolation Cooling

RHRS Residual Heat Removal System

RPV Reactor Pressure Vessel

RSEL Resultant-Static-Equivalent Load

SBA Small Break Accident

SORV Stuck Open Safety Relief Valve

SPTMS Suppression Pool Temperature Monitoring System

SRSS Square Root of the Sum of the Squares
,

SRV Safety Relief Valve
!

SRVDL Safety Relief Valve Discharge Line

STP Short-Term Program
{}

I

A

i

t

,

i

DET-04-028-1
Revision 0 1-x

:

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



||LIST OF TABLES

Number title Page

1-1.0-1 Fermi 2 Containment Modification Status 1-1.7

1-2.2-1 Suppression Chamber Operating Parameters 1-2.30

1-3.2-1 Event Combinations and Service Levels for 1-3.13
Class MC Components and Internal Structures

1-3.2-2 Event Combinations and Service Levels for 1-3.15
Class 2 and 3 Piping

1-4.0-1 Plant Unique Analysis /NUREG-0661 Load 1-4.2
Sections Cross-Reference

1-4.1-1 Hydrodynamic Mass and Acceleration Drag 1-4.33
Volumes for Two-Dimensional Structural
Components (Length L For All Structures)

1-4.1-2 Plant Unique Parameters for LOCA Bubble Drag 1-4.39
Load Development

1-4.1-3 DBA Condensation Oscillation Torus Shell 1-4.46
Pressure Amplitudes

1-4.1-4 FSTF Response to Condensation Oscillation 1-4.48

1-4.1-5 Condensation Oscillation Onset and Duration 1-4.49

l-4.1-6 Downccmer Internal Pressure Loads for DBA 1-4.57
Condensation Oscillation

1-4.1-7 Downcomer Differential Pressure Loads for 1-4.58
DBA Condensation Oscillation

1-4.1-8 Downcomer Internal Pressure Loads 1-4.59
For IBA Condensation Oscillation

1-4.1-9 Downcomer Differential Pressure Loads 1-4.60
For IBA Condensation Oscillation

1-4.1-10 Condensation Oscillation Loads on the Vent 1-4.61
System

1-4.1-11 Amplitudes at Various Frequencies for 1-4.70
Condensation Oscillation Source Function for

| Loads on Submerged Structures

1-4.1-12 Chugging Onset and Duration 1-4.76

DET-04-028-1
MUkgQ)}Revision 0 1-xi



,

|

O LIST OF TABLES
(Concluded)

Number Title Page, {

i

1-4.1-13 Post-Chug Rigid Wall Pressure Amplitudes on 1-4.77
~

Torus Shell Bottom Dead Center
,

1-4.1-14 Probability of Exceedance for Multiple 1-4.84
Downcomers Chugging

1-4.1-15 Amplitudes at Various Frequencies for 1-4.87 ;

Chugging Source Function for Loads on
Submerged Structures

1-4.2-1 SRV Load Case / Initial Conditions 1-4.99

l-4.2-2 Plant Unique Initial Conditions for 1-4.103 '

'

Actuation Cases Used for SRVDL Clearing
Transient Load DeveJopment

1-4.2-3 SRVDL Analysis Parameters 1-4.104

1-4.2-4 Comparison of Analysis and Monticello 1-4.108 i

Test Results

() 1-4.3-1 SRV and LOCA Structural Loads 1-4.118

1-4.3-2 Event Timing Nomcnclature 1-4.120

1-4.3-3 SRV Discharge Load Cases for Mark I 1-4.121
Structural Analysis '

l-5.1-1 Summary of Fermi 2 Pool Temperature 1-5.5
Response to SRV Transients

;

,

I

t

i

O
DET-04-028-1 i

Revision 0 1-xii g{

.



|hLIST OF FIGURES

Number Title Page

1-2.1-1 Elevation View of Containment 1-2.4

1-2.1-2 Plan View of Suppression Chamber 1-2.5

1-2.1-3 Suppression Chamber Section - Midbay Vent 1-2.10
Line Bay

1-2.1-4 Suppression Chamber Section - Mitered Joint 1-2.11

1-2.1-5 Quencher and Quencher Supports - Plan View 1-2.12
and Elevation

1-2.1-6 Quencher and Support Locations 1-2.13

1-2.1-7 Vent Header Plan View 1-2.16

1-2.1-8 Vent Line to Vent Header Intersection 1-2.17

1-2.1-9 Developed View of Vent Header and 1-2.18
Downcomer Bracing System

1-2.1-10 Downcomer to Vent Header Intersection 1-2.19

l-2.1-11 Vacuum Breaker Penetration - Plan View 1-2.20

1-2.1-12 Vacuum Breaker Penetration - Detail 1-2.21

1-2.1-13 SRV Penetration in Vent Line 1-2.22

1-2.1-14 Catwalk Frame 1-2.24

1-2.1-15 Catwalk Supports 1-2.25

1-2.1-16 Monorail Supports 1-2.26

1-2.1-17 SRV Pipe Routing in Wetwell - Plan View 1-2.28

1-4.1-1 Downcomer Impact and Drag Pressure Transient 1-4.13

1-4.1-2 Application of Impact and Drag Pressure 1-4.14
Transient to Downcomer

1-4.1-3 Pulse Shape for Water Impact on Cylindrical 1-4. l'/

Targets

1-4.1-4 Pulse Shape for Water Impact on Plat Targets 1-4.18

G
DET-04-028-1

nutg_qhRevision 0 1-xiii



_ __ ._ _ . _ _ _ . . .. ._ _ _ _

f

.,

*
.

|
-

LIST.OF FIGURES,

(Continued)- c

' Number Title Page

j 'l-4.1-5 Froth Impingement Zone - Region I l-4.23

.1-4.1-6 Froth Impingement Zone - Region II 1-4.24

i. 1-4.1-7 Quarter-Scale Downcomer Water Slug Ejection, 1-4.35
Test 7'

1-4.1-8 Quarter-Scale Drywell Pressure Time-History 1-4.40

1-4.1-9 Condensation Oscillation Baseline Rigid Wall 1-4.50
Pressure Amplitudes on Torus Shell Bottom
Dead Center.

4

1-4.1-10 Mark I Condensation Oscillation - Torus 1-4.51
Vertical Cross-Sectional Distribution for
Pressure Oscillation Amplitude

{ 1-4.1-11 Mark I Condensation Oscillation - Multipli- 1-4.52
cation Factor to Account for the Effecti

of the Pool-to-Vent Area Ratio

| ( l-4.1-12 Downcomer Dynamic Load 1-4.62

'

l-4.1-13 Downcomer Pair Internal Pressure Loading for 1-4.63
; DBA CO
i

l-4.1-14 Downcomer Pair Differential. Pressure Loading 1-4.64;

; for DBA CO
!

i 1-4.1-15 Downcomer CO' Dynamic Load Application 1-4.65

1-4.1-16 Downcomer Internal Pressure Loading for' l-4.66;
- IBA CO

'
1-4.1-17 Typical Chug Average Pressure Trace on the 1-4.72

;- Torus Shell
:
I 1-4.1-18 Mark I Chugging - Torus Asymmetric 1-4.78

Longitudinal Distribution for' Pressure*

j Amplitude
1

[ 1-4.1-19 Mark I Chugging - Torus Vertical Cross- 1-4.79
j. Sectional Distribution for Pressure Amplitude
h

: 1-4.1-20 Post-Chug Rigid Wall Pressure Amplitudes on 1-4.80
Torus Shell Bottom Dead Center

.

DET-04-028-1
-Revision 0 1-xiv M'

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



||hLIST OF FIGURES
(Concluded)

Number Title Page

1-4.2-1 T-quencher and SRV Line 1-4.91

1-4.2-2 T-quencher Arm Hole Pattern - Elevation View 1-4.92

1-4.2-3 T-quencher Hole Pattern - Section Views 1-4.93

1-4.2-4 Comparison of Predicted and Measured 1-4.109
Shell Pressure Time-Histories for
Monticello Test 801

1-4.2-5 Modal Correction Factors for Analysis of 1-4.110
SRV Discharge Torus Shell Loads

1-4.2-6 Plan View of Fermi 2 T-quencher Arm Jet 1-4.115
Sections

1-4.3-1 Loading Condition Combinations for the Vent 1-4.122
Header, Main Vents, Downcomers, and Torus
Shell During a DBA

1-4.3-2 Loading Condition Combinations for 1-4.123 g
Submerged Structures During a DBA W

1-4.3-3 Loading Condition Combinations for Small 1-4.124
Structures Above Suppression Pool During a
DBA

1-4.3-4 Loading Condition Combinations for the Vent 1-4.126
Header, Main Vents, Downcomers, Torus Shell
and Submerged Structures During an IBA

1-4.3-5 Loading Condition Combinations for the Vent 1-4.128
Header, Main Vents, Downcomers, Torus Shell
and Submerged Structures During a SBA

1-5.1-1 Local Pool Temperature Limit for Enrico 1-5.8
| Fermi Unit 2

1
!

!

DET-04-028-1
MNRevision 0 1-xv



;
t

i

I
!

] l-1.0 INTRODUCTION

|
The primary containment for the Enrico Fermi Atomic |

Power Plant, Unit 2 was designed, erected,
;

leak-tested and N-stamped in accordance with the ASME ,

Boiler and Pressure Vessel Code during the early

1970's. Subsequently, while in the course of per- |

forming large-scale testing for the Mark III |
!

containment system and in-plant testing for Mark I

containment systems, new suppression chamber

hydrodynamic loads were identified. The new loads f
i

are related to the postulated loss-of-coolant I

i
accident (LOCA) and cafety relief valve (SRV) (,

O overeeien.
i

!

[
The identification of these new loads presented a i

|

generic open item for utilities with Mark I !

|

containments. To determine the magnitude, time i
i

characteristics, etc., of the dynamic loads in a .j

timely manner and to identify courses of action
,

needed to resolve any outstanding concerns, the ;
i

utilities with Mark I containments formed the Mark I

- Owners Group. The Mark I Owners Group established a i

program which consisted of two parts: 1) a

short-term program which was completed in 1976, ,

DET-04-028-1 1-1.1
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and 2) a long-term program which was completed with h
the submittal of the Mark I Containment Program Load

Definition Report (LDR) (Reference 1), the Mark I

Containment Program Structural Acceptance Criteria

Plant Unique Analysis Application Guide (PUAAG)

(Reference 2) and supporting reports on experimental

and analytical tasks of the Long-Term Program

(LTP). The NRC reviewed these LTP generic documents

and issued acceptance criteria to be used during the

implementation of the Mark I plant unique analyses.

The NRC acceptance criteria are described in

Appendix A of NUREG-0661 (Reference 3).
|

The objective of the LTP was to establish final

design loads and load combinations and to verify that
,

'

existing or modified containment and related struc-

tures are capable of withstanding these loads with
i

| acceptable design margins. However, the original LTP
1

| completion schedule was not compatible with the con-
|
| struction schedule for the Fermi 2 plant. To comply

with the objectives of the LTP and to meet the plant

construction schedule, Detroit Edison Company com-

mitted to a containment modification program that

provided design, analysis, and implementation of

DET-04-028-1 1-1.2
Revision 0

nutggh



-- -. ..

( modifications before the final loads and load

combinations were determined by the Mark I Owners

Group. f

In Amendment 12 to the Final Safety Analysis Report >

(FSAR), Article 3.8.2, Detroit Edison Company sub- [

mitted an interim LTP plant unique analysis (PUA).

Reference 17 to Article 3.8 of the FSAR described the
,

program which was implemented by Detroit Edison

Company to provide an early assessment of the Fermi 2 i

containment design for the original design loads anda

the newly defined suppression pool hydrodynamic !

f
; loads. The loads employed in the interim PUA were

established using available generic documents, with

the objective of developing realistic design loads
-

t

"

which would allow early plant modifications with a

high probability of bounding the final loads.

,

P

Results of the interim PUA indicated that extensive
,

;
modifications would be required to the suppression !

I
chamber, vent system, and suppression chamber

)

internal piping and structures to re-establish the i

original design margins. The nature and extent of

the modifications were discussed in the ' interim PUA
report (Reference 4). Detroit Edison Company s

O DET-04-028-1 1-1.3
Revision 0 L
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proceeded at risk to install extensive modifications h
in anticipation that they would be required to meet

the LTP acceptance criteria.

Most of the modifications required by the interim PUA

have been installed. The installation of selected

modifications was delayed until some of the specific

Owners Group concerns about the NRC acceptance cri-

teria were resolved. These selected designs were

re-evaluated in light of the resulting NRC criteria,

and in some cases, the proposed modifications were

redesigned. The Fermi 2 containment modification

status is provided in Table 1-1.0-1. The config-

Ouration and geometry of the torus is discussed in

Section 1-2.1.1. The installation of the remaining

modifications required by the interim PUA and

associated engineering evaluations will be completed

before fuel load.

This plant unique analysis report (PUAR) describes

the final LTP PUA for the Fermi 2 containment. The

report documents the evaluation of the modified

Permi 2 suppression chamber and internals which was

performed in accordance with the requirements of

NUREG-0661. The alternate criteria allowed by

DET-04-028-1 1-1.4
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:

!
,

O nUaEc-Oss1, Appendix A. Areic1e 2.13.9 was used in
,

'

1

; the evaluation of safety relief valve discharge
4

loads. As such, a series of in plant tests will be

performed after fuel load to confirm that the com-
-

| puted loadings and predicted structural responses for .

,

SRV discharges are conservative.

I

The predicted response of the suppression chamber
!
l shell provided by this PUAR for each of the loads and

load combinations is an essential input for evalu-

) ating the piping attached to the torus. Detroit

Edison Company is currently evaluating the response

of the torus-attached piping to pool hydrodynamic

loads. The schedule for installation of any required

modifications to torus-attached piping extends beyond
:

the Fermi 2 fuel load date. However, Detroit Edison
.

i Company is conducting a scoping analysis of selected

torus-attached piping systems in order to justify

i interim plant operation. The scoping analysis will

establish that acceptable safety margins exist in the

! torus-attached piping. All modifications to the

torus-attached piping required as a result of the LTP -
,

PUA acceptance criteria are scheduled to be installed
,

prior to returning to power af ter the first refueling
'

:

cycle.'

O:

! DET-04-028-1. 1-1.5-
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O
Accordingly, with the submittal of this PUAR, Detroit |

|

Edison Company believes that the Fermi 2 containment

modification program has addressed the~ requirements

of NUREG-0661 and the Fermi 2 Safety Evaluation

Report (NUREG-0798 and NUREG-0798, Supplement No. 1).

I

O

.

DET-04-028-1 1-1.6
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TABLE l-1.0-1

fNQ FERMI 2 CONTAINMENT MODIFICATION STATUS

APPROXIMATE
DESCRIPTION MODIFICATION REMARKS

DATES

RING BEAM REINFORCEMENT 6/79

COLUMN REINFORCEMENT 10/78

TORUS COLUMN CONNECTION REINFORCEMENT 12/79

MITERED JOINT SADDLES 6/82

ADDITIONAL COLUMN ANCHOR BOLTS 6/82

DOWNCOMER SHORTENING 2/80

VENT HEADER /DOWNCOMER STIFFENING 11/78AND BRACING

REINFORCED EXISTING VENT SYSTEM ORIGINAL COLUMNS2/79COLUMNS AND CONNECTIONS REPLACED

VENT HEADER DEFLECTOR (NON-VENTVENT 2/80
SYSTEM LINE BAYS)

VENT HEADER DEFLECTOR (VENT 9/82LINE BAYS)

VENT LINE/ VENT HEADER STIFFENING 6/79
f %.

RIINFORCED VACUUM BREAKER TO VENT 7j79
HEADER CONNECTION

ADDITIONAL SUPPORTS 5/78,

MONO- STRENGTHEN EXISTING REMOVED EXISTING
5/78 COLUMN SUPPORTSRAIL SUPPORTS

REPLACED WITH
ERNAL EXTENDED MONORAIL 5/78 HANGER SUPPORTSg RES

ADDITIONAL SUPPORTS 8/78
CATWALK

GRATING (DELIVER TO SITE) 3/80 REMOVED CHECKERED
PLATE AND REPLACED

GRATING INSTALIATION 1/82 WITH GRATING

REROUTED PIPING IN WETWELL 4/80

ADDITIONAL WETWELL SUPPORTS 4/79

REINFORCED VENT LINE 11/78PENETRATION
SRV PIPING

ADDED QUENCHER /RAMSHEAD SUPPORTS 1/80

QUENCHERS 9/82

ADDITIONAL QUENCHER SUPPORTS 9/82

.
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@1-1.1 Scope of Analysis

The structural and mechanical elements addressed in

the various volumes of this report include the fol-

lowing.

o Containment Vessel

- The torus shell with associated penetra-

tions, reinforcing rings and support

attachments

- The torus supports

- The vent lines between the drywell and

the vent header, including SRV penetra-

tions

- The local region of the drywell at the

vent line penetration

- The bellows between the vent lines and

the torus shell

- The vent header and attached downcomers

The vent header supports-

- The vacuum breaker nozzle penetrations to

the vent header

|

|

|
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O !o 'aeer" 1 str"ce=re-
i

The internal structural elements :-

including the monorail, catwalk, and !

their supports

The vent header deflectors and their !
-

supports
.

t

I

o The safety relief valve (SRV) discharge piping i

i
'

and supports

!

o Miscellaneous
i !'

- The instrumentation and control (I&C) ;
,

[conduit and tubing inside or attached to

O'

the eorus
i

- The Suppression Pool Temperature
'

Monitoring System (SPTMS)

!

I
i

!

t

I

f

;

'

o
i
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1-1.2 General Description of the Containment System g

The Mark I containment is a pressure suppression

system which houses the Boiling Water Reactor (BWR)

pressure vessel, the reactor coolant recirculating

loops, and other branch connections of the Nuclear

Steam Supply System (NSSS). The containment consists

of a drywell, a pressure suppression chamber (wetwell

or torus) which is approximately half-filled with

water, and a vent system which connects the drywell

to the wetwell suppression pool. The suppression

chamber is toroidal in shape and is located below and

encircles the drywell. The drywell-to-wetwell vents

hare connected to a vent header contained within the

air space of the wetwell. Downcomers project down-

ward from the vent header and terminate below the

water surface of the suppression pool. The pressure

suppression chamber is described in greater detail in

Sections 1-2.1.1 through 1-2.1.3 and in Volumes 2

and 3.
|

BWR's utilize safety relief valves (SRV's) attached

to the main steam lines as a means of primary system

overpressure protection. The outlet of each valve is

connected to discharge piping which is routed to the

DET-04-028-1 1-1.10
Revision 0

nutg,gh

_ - _ -- - - - - - - - _ - . - - - - - - -



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

t

h suppression pool. The discharge lines end in

.
T-quencher discharge devices. The SRV discharge !

lines are described in greater detail in Section;

; l-2.1.4 and volume 5.

1

)

I

!
<

\ l

;

1O
I
: ,

a

1

f

;

4

t

I

f

.
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h1-1,3 Review of Phemomena

The following subsections provide a brief qualitative |

description of the various phenomena that could occur
1

during the course of a postulated LOCA and during SRV |

actuations. A detailed description of the hydrody-

namic loads which these phenomena could impose upon )
the suppression chamber and related structures is

|given in the LDR (Reference 1). Section 1-4.0 pre-

isents the load definition procedures used to develop

the Fermi 2 hydrodynamic loads.

O
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O 1-1.3.1 tocA-Re1eeed rhenomene

Immediately following a postulated Design Basis

Accident (DBA) LOCA, the pressure and temperature of

the drywell and vent system atmosphere rapidly

increase. With the drywell pressure increase, the

water initially present in the downcomers is acceler-

ated into the suppression pool until the downcomers

clear of water. Following downcomer water clearing,

the downcomer air, which is at essentially drywell

pressure, is exposed to the relatively low pressure

in the wetwell, producing a downward reaction force

on the torus. The consequent bubble expansion causes

the pool water to swell in the torus (pool swell),

compressing the airspace above the pool. This air-

space compression results in an upward reaction force

on the torus. Eventually, the bubbles " break

through" to the torus airspace equalizing the pres-

sures. An air / water froth mixture continues upward

due to the momentum previously imparted to the water

slug causing impingement loads on elevated struc-

tures. The transient associated with this rapid

drywell air venting to the pool typically lasts for 3

to 5 seconds.

O DET-04-028-1 1-1.13
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Following air carryover, there is a period of high

steam flow through the vent system. The discharge of

steam into the pool and its subsequent condensation

causes pool pressure oscillations which are trans-

mitted to submerged structures and the torus shell.

This phenomenon is referred to as condensation oscil-

lation (CO). As the reactor vessel depressurizes,

the steam flowrate to the vent system decreases.

Steam condensation during this period of reduced

steam flow is characterized by movement of the

water / steam interface up and down within the down-

comer as the steam volumes are condensed and replaced

by surrounding pool water. This phenomenon is

referred to as chugging.

Postulated Intermediate Break Accident (IBA) and

Small Break Accident (SBA) LOCA's produce drywell

pressure transients which are sufficiently slow that

the dynamic effects of vent clearing and pool swell

are negligible. However, CO and chugging occur for

an IBA and chugging occurs for a SBA.

DET-04-028-1 1-1.14
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O 1-1, 3. 2 SRv Discharge Phenomena

Fermi 2 is equipped with 15 SRV's to control primary

system pressure transients. The SRV's are mounted on

the main steam lines inside the drywell with dis-

charge pipes routed down the main vents into the

suppression pool. When a SRV is actuated, steam

released from the primary system is discharged into

the suppression pool where it condences.

Prior to the initial actuation of a SRV, the safety

relief valve discharge lines (SRVDL's) contain air at

atmospheric pressure and suppression pool water in

the submerged portion of the piping. Following SRV

actuation, steam enters the SRVDL compressing the air

within the line and expelling the water slug into the

suppression pool. During water clearing, the SRVDL

undergoes a transient pressure loading.

Once the water has been cleared f rom the T-quencher

discharge device, the compressed air enters the pool

in the form of high pressure bubbles. These bubbles

expand, resulting in an outward acceleration of the

surrounding pool water. The momentum of the acceler-

ated water results in an overexpansion of the

O DET-04-028-1 1-1.15
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hbubbles, causing the bubble pressure to become

negative relative to the ambient pressure of the

surrounding pool. This negative bubble pressure

slows and reverses the motion of the water, leading

to a compression of the bubbles and a positive

pressure relative to that of the pool. The bubbles

continue to oscillate in this manner as they rise to

the pool surface. The positive and negative pres-

sures developed due to this phenomenon attenuate with

distance and result in an oscillatory pressure

loading on the submerged portion of the torus shell

and internal structures.

O

1
|
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O 1-1 4 ev 1o eto= rht1o oohv

The development of event sequences, assumptions, load

definitions, analysis techniques, and all the other

facets comprising the Fermi 2 plant unique analysis

are spacifically formulated to provide a conservative

evaluation. This section describes, in qualitative

terms, some of the conservative elements inherent in

the Fermi 2 plant unique analysis.

Event Sequences and Assumptions

Implicit in the analysis of loss-of oolant accidents

O 1e the eseumgeien that the evene w111 eccur e1ehoueh:

the probability of such pipe breaks is low. No

credit is taker. for detection of leaks to prcvent

LOCA's. Furthermore, various sizes of pipe breaks

are evaluated to consider various effects. The

large, instantaneous pipe breaks are considered to

evaluate the initial, rapidly occurring events such

as vent system pressurization and pool swell.

Smaller pipe breaks are analyzed to maximize

prolonged effects such as condensation oscillation

and chugging.

; i

5

O '

DET-04-028-1 1-1.17 |
Revision 0

_ _. - _ _ _ _ , - - __ _ __ _ _ . . - _ _ _ _ . _ _ - .



O
The various LOCA's analyzed are assumed to occur

coincident with plant conditions which maximize the

parameter of interest. For example, the reactor is

assumed to be at 102% of rated power; a single

failure is assumed; no credit is taken for normal

auxiliary power. Operator action which can mitigate

ef fects of LOCA's is assumed to be unavailable for a

specified period. Other assumptions are also

selected to maximize the parameter to be evaluated.

This approach results in a conservative evaluation

since the plant conditions are not likely to be in

this worst case situation if a LOCA were to occur.
O

Test Results and Load Definitions

The load definitions utilized in the Fermi 2 PUA are

based on conservative test results and analyses. For

example, the IDCA steam condensation loads (conden-

sation oscillation and chugging) are based on tests

in the Mark I Full-Scale Test Facility (FSTF). The

FSTF is a full size 1/16th segment of a Mark I

torus. To ensure that appropriately conservative

results would be obtained, the PSTP was specifically

designed and constructed to promote rapid air and

O'
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,

O steam flow from the drywell to the wetwell. While

this maximizes hydrodynamic loads, it does not take

into account the features of actual plants which

would mitigate the effects of the LOCA. Actual Mark

I drywells have piping and equipment in the drywell

which would absorb some of the energy released during

a LOCA. There are other features of the PSTF which

are not typical of actual plant configurations, yet

contribute to more conservative load definitions.

Pre-heating of the drywell to minimize condensation

and heat losses is an example of a non prototypical

feature. Additionally, the load definitions

developed from FSTF data apply the maximum observed

load over the entire period during which the load may

occur. This conservative treatment takes no credit

for the load variation observed in the tests.

LOCA pool swell loads were developed from similarly

conservative tests at the Quarter-Scale Test Facility

(OSTF). These tests were performed with the driving

medium consisting of 100% non-condensibles. This

maximizes the pool swell because this phenomenon

would be driven by condensible steam if a LOCA were

to occur in an actual plant. The QSTF tests also-

minimized the loss coefficient and maximized the

|
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drywell pressurization rate, thus maximizing the pool h
swell loads. The drywell pressurization rate used in

the tests was calculated using conservative

analytical modeling and initial conditions. Struc-

tures above the pool are assumed to be rigid when

analyzed for pool swell impact loads. This assump-

tion maximizes loads and is also used to evaluate

loads on submerged structures.

The methods used to develop safety relief valve (SRV)

loads are based on conservative assumptions, modeling

techniques, and full and subscale test data. SRV

loads are calculated assuming a minimum SRV opening

htime, a maximum steam flow rate, and a maximum steam

line pressure, all of which maximize the SRV loads.

Appropriate assumptions are also applied to conserva-

tively predict SRV load f requency ranges. SRV loads

on submerged structures are similarly determined

with the additional assumptions that maximize the

pressure differential across the structure due to

bubble pressure phasing. The conservatism in the SRV

load definition approach has been demonstrated by

in plant tests performed at several other plants.

All such tests have confirmed that actual plant

responses are significantly less than predicted. The

DET-04-028-1 1-1.20
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O |rer 1 2 in-g1ene SRv eeses are exgected to confirm

similar conservatisms.

Load Combinations

conservative assumptions have also been made in

developing the combinations of loading phenomena to

be evaluated. Many combinations of loading phenomena

are investigated even though it is very unlikely for

such combinations of phenomena to occur. For

example, mechanistic analysis has shown that a SRV-

cannot actuate during the pool swell phase of a 1

design basis LOCA. However, that combination of

loading phenomena is evaluated. Both the pool swell

and SRV load phenomena involve pressurized air

bubbles in the pool and the structural response to

these two different bubbles is assumed to be

additive. However, this is a very conservative

assumption since two bubbles in a pool cannot

physically combine to form one bubble at a pressure

higher than either separate bubble. This rationale
'

is also valid for other hydrodynamic phenomena in the

pool such as CO and chugging which are also combined

with SRV discharge.

O
V
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When evaluating the structural response to combina-

tions of loading phenomena, the peak responses due to

the various loading phenomena are assumed to occur at

the same time. While this is not an impossible

occurrence, the probability that the actual responses

will combine in that fashion is very remote.

Furthermore, the initiating events themselves (e.g.,

LOCA or earthquake) are of extremely low probability.

.

Analysis Techniques

The methods used for analyzing LOCA and SRV loads

also contribute to conservatism. In the analyses g
t.h ese loads are assumed to be smooth curves of

regular or periodic shape. This simplifies load

definitions and analyses but maximizes predicted

responses. Data from full scale tests show actual

forcing functions to be much less " pure" or " perfect"

than those assumed for analysis.

The analyses generally treat a non-linear problem as

a linear, elastic problem with the load " tuned" to

the structural frequencies which produce maximum

response. The non-linearities which exist in both

the pool and structural dynamics would preclude the

S
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C) attainment of the elastic transient and steady state

responses that are predicted mathematically.

Inherent in the structural analyses are additional

conservatisms. Damping is assumed to be low to

maximize response, but in reality, damping is likely

to be much higher. Likewise, allowable stress levels

are low compared to the expected material

capabilities. Conservative boundary conditions are

also usad in the analyses.

Conclusion

The loads, methods, and results described above and

elsewhere in this report demonstrate that the margins

of safety which actually existed for the original

design loads have not only been restored but have

been increased. The advancements in understanding

the hydrodynamic phenomena and in the structural

analyses and modeling techniques have substantially

increased since the original design and analysis were

completed. This increased understanding and analysis

capability is applied to the original loads as well

as to the newly defined loads. Thus not only have

O
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Othe original safety margins been restored, but even
|

greater margins now exist than in the original

design.

I

1 0

,
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) 1-2.0 PLANT UNIQUE CHARACTERISTICS

This section describes the general plant unique gec-

metric and operating parameters pertinent to the

re-evaluation of the suppression chamber design.

Specific details are provided in subsequent volumes

where the detailed analyses of individual components

are described.

:

I

'l
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1-2.1 Plant Configuration

The containment vessel is a Mark I dc .. ig n with a

drywell and toroidal suppression chamber as illus-

trated in Figures 1-2.1-1 and 1-2.1-2. The

structural components affected by the LOCA and SRV

discharge loads include the suppression chamber and

its column supports, the vent system and its support

system, and the intersection of the vent lines with

the drywell. Other items connected to the suppres-

sion chamber such as the electrical conduit, catwalk,

monorail and the horizontal seismic supports are also

included in this plant unique analysis.

The suppression chamber is in the general form of a

torus but is actually constructed of 16 mitered

cylindrical shell segments, as shown in Figure

1-2.1-2. A reinforcing ring with two supporting

columns and a saddle is provided at each mitered

joint.

The suppression chamber is connected to the drywell

by eight vent lines. Within the suppression chamber,

the vent lines are connected to a common vent |

header. Also connected to the vent header are |

9
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O downcomer which terminate below the water level of

the suppression pool. A bellows assembly connecting

the suppression chamber to the vent line allows for

differential movement between the drywell and the

suppression chamber.

O
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1-2.1.1 Suppression Chamber h

The inside diameter of the mitered cylinders which

make up the suppression chamber is 30'-6" (Figure

1-2.1-3). The suppression chamber shell thickness is

typically 0.587" above the horizontal centerline and

0.658" below the horizontal centerline except at

penetration locations where it is locally thicker.

The suppression chamber shell is reinforced at each

mitered joint location by a T-shaped ring beam

(Figure 1-2.1-4). A typical ring beam is located in

a plane parallel to and on the vent line bay side of

each mitered joint. The ring beam is braced

laterally with stiffeners connecting the ring beam

web to the suppression chamber shell.

The suppression chamber is supported vertically at

each mitered joint location by inside and outside

columns and by a saddle support which spans the

inside and outside columns (Figure 1-2.1-4). The

columns, associated column connection plates, and the

saddle support are located parallel to the mitered

joint in the plane of the ring beam web.
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( ) The outside column members are constructed from

rolled sections with cover plates. The inside column

members are similarly constructed. The connection of

the column members to the suppression chamber shell

is achieved with web plates, flange plates, cover

plates and stiffener plates.

The anchorage of the suppression chamber to the

basemat is achieved by a system of base plates, stif-

feners and anchor bolts located at each column, and

at two locations on each saddle support. Six

epoxy-grouted anchor bolts are provided at each

column base plate location. Twelve epoxy-grouted

) anchor bolts are provided at each saddle base plate

location. A total of 36 anchor bolts at each mitered

joint location provide the principal mechanism for

transfer of uplift loads to the basemat.

To optimize reductions of the SRV containment loads

for Fermi 2, Detroit Edison Company elected to

develop an alternate quencher design (Figure

1-2.1-5). Since Fermi 2 has larger SRV discharge

line volumes than most Mark I plants, different

quencher arm diameters and hole distributions were

utilized to reduce loading beyond that which is

,n
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available with the standard Mark I T quencher h
device. Small-scale tests were used for screening

various designs and for quantifying the performance

of selected devices. The hole diameter and minimum

spacing were maintained the same as the standard

Mark I T-quencher described in the LDR to ensure

steam condensation performance. A series of in plant

tests will be conducted after fuel load to confirm

the performance of the Fermi T-quencher.

There are a total of 15 T-quenchers located at the

mitered joints with the quencher arms located in the

plane of the vertical centerline of the suppression

chamber (Figure 1-2.1-6). Each quencher is supported

at the mitered joint by a ramshead support (Figure

1-2.1-5). The quencher arms are supported laterally

by a pipe beam located inside the vertical centerline

of the suppression chamber at the same elevation as

the quenchers and spanning the mitered joint ring

beam. Loads which act on the quencher arms and the

lateral quencher support beam are transferred to the

ring beam.
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1-2.1.2 Vent System g

The Fermi 2 vent system is constructed from cylindri-

cal segments joined together to form a manifold-like

structure which connects the drywell to the suppres-

sion chamber. A partial plan view of the vent system

is provided in Figure 1-2.1-7. The cylinder con-

nected to the end of the vent line has an inside

diameter of 6', Beyond the vent line intersection

the vent header inside diameter is 4'3". There are .

80 downcomers which protrude from the vent header as

shown in the partial plan view in Figure 1-2.1-7.

The vent system is supported by two column members at h
each mitered joint location as shown in Figure

1-2.1-4. Stif fening for the vent line to vent header

intersection is shown in Figure 1-2.1-8. The

intersections of the downcomers and the vent header

are reinforced with a system of stiffener plates and

bracing members as shown in Figures 1-2.2-9 and

1-2.1-10. The bracing system shown in Figure 1-2.1-9
.

stiffens the downcomer intersection in a direction
i

parallel to the vent header longitudinal axis. For

horizontal loadings in a direction perpendicular to

the vent header longitudinal axis, the downcomer to

DET-04-028-1 1-2.14
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collar and crotch plates shown in Figure 1-2.1-10.

The drywell/wetwell vacuum breaker penetrations are

stiffened by providing a pipe beam between the ring

plates with stiffener plates connecting the pipe beam
,

to the vacuum breaker nozzles. The arrangement of

the pipe beam and stiffeners is shown in Figures

1-2.1-11 and 1-2.1-12.

The vent system also provides support for a portion

of the SRV piping inside the vent line and suppres-

sion chamber as shown in Figure 1-2.3-13. Loads

which act on the SRV piping are transferred to the

veat system by the penetration assembly on the ventj

line, and by support plates located under the vent

line and vent header.

.
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i

The location of the catwalk relative to other major

components within the suppression chamber is shown in

Figures 1-2.1-3 and 1-2.1-4. The catwalk is located

parallel to the suppression chamber vertical center-

line of each mitered cylinder. As shown in Figure

1-2.1-14, the catwalk frame is supported by - hangers

at the mitered joint ring beam and between each

mitered joint. The support hangers consist of two

angles which extend vertically upward from the

catwalk as shown Ln Figure 1-2.1-15.

The location of the monorail relative to the other

major components within the suppression chamber is

shown in Figure 1-2.1-3 and 1-2.1-4. The monorail

forms a complete circle around the inside of the

suppression chamber. The monorail support system

consists of two angles providing vertical support and

two angles providing horizontal support as shown in

Figure 1-2.1-16. This design provides support to the

j monorail beam for both the vertical and horizontal
components of pool swell.
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The outlet of each SRV is connected to discharge i

piping which is routed to the suppression pool.

Routing of the SRV discharge piping is such that all

eight of the vent lines are used with no more than
:

two SRV lines being routed through any single vent ,

line. The SRV piping in the drywell is supported by i

i

hangers, struts and snubbers connected to the back-up

steel structures. I

!

The use of all eight vent lines for routing of the 15
,

SRV lines results in only one SRV line terminating at

O eny oee reinforcine heem. The SRv gigine exits the.

vent line through a stiffened insert plate as shown
,

in Figure 1-2.1-13. Each line is then routed to the

nearest mitered joint where the T quencher is
;
'

supported from the ring beam and T quencher arm sup-

ports. Figures 1-2.1-3, 1-2.1-4, and 1-2.1-17 show

typical SRV pipe routing in the wetwell.

i ,

.

i

I

!O .
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t

;

.

;

l-2.2 Operating Parameters

i

|
j Plant operating parameters are used to determine
;

many of the hydrodynamic loads utilized in the;

1

re-evaluation of the Fermi 2 suppression chamber
,

i design. Table 1-2.2-1 is a summary of the operating

j parameters used to determine the Fermi 2 hydrodynamic
i

I loads.
i
!
4

4

d

i

!O
.

;

4

d

I

.!

.

1

{

-

:

.

i

!

!
|

|
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Table 1-2.2-1

SUPPRESSION CHAMBER OPERATING PARAMETERS

COMPONENTS CONDITION / ITEM VALUE

FREE AIR VOLUME (1) 163,730 cu ft
%

NORMAL OPERATING PRESSURE HIGH 1.8 psig
LOW -0.5 psig

NORMAL OPERATING TEMPERATURE NOMINAL BULK 1350F
MAX BULK 1500F
MIN BULK 105oF

DRYWELL NORMAL OPERATING RELATIVE HIGH 90%
HUMIDITY RANGE LOW 0%

PRESSURE SCRAM INITIATION SETPOINT 2 psig i 0.2 psig

DESIGN INTERNAL PRESSURE 56 psig

DESIGN EXTERNAL PRESSURE MINUS 2 psid
INTERNAL PRESSURE

DESIGN TEMPERATURE 3400F

POOL VOLUME MAX (HIGH WATER 3LEVEL) 124,220 ft
MIN (LOW WATER

3LEVEL) 121,080 ft

FREE AIR VOLUME (2) MIN (HIGH WATER
3LEVEL) 137,370 ft

MAX (LOW WATER
SUPPRESSION LEVEL) 140,500 ft

LOCA VENT SYSTEM DOWNCOMER MIN (LOW WATER
SUBMERGENCE (DISTANCE OF DOWNCOMER LEVEL) 3.00 ft
DISCHARGE PLANE BELOW WATER LEVEL) MAX (HIGH WATER

LEVEL) 3.33 ft

WATER LEVEL DISTANCE TO TORUS MAX (LOW WATER
, CENTERLINE LEVEL) 0.9166 ft
| MIN (HIGH WATER

LEVEL) 0.5833 ft

SUPPRESSION POOL SURFACE EXPOSED TO 10'788 ft2SUPPRESSION CHAMBER AIRSPACE

NORMAL OPERATING PRESSURE RANGE HIGH 1.8 psig
LOW -0. 5 psig

|
|

|
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Table 1-2.2-1

O
V SUPPRESSION CHAMBER OPERATING PARAMETERS

(Concluded)

COMPONENTS CONDITION / ITEM VALUE

TEMPERATURE RANGE OF SUPPRESSION HIGH 950F
POOL (TECH SPEC)

LOW 400F
NORMAL OPERATING TEMPERATURE RANGE HIGH 900F
OF SUPPRESSION CHAMBER FREE AIR LOW 500F
VOLUME

SUPPRESSION NORMAL OPERATING RELATIVE HUMIDITY HIGH 60%
CHAMBER RANGE LOW 40%

DESIGN INTERNAL PRESSURE 56 psig

EXTERNAL PRESSURE MINUS INTERNAL 2 psid
PRESSURE

DESIGN TEMPERATURE 2810F
NORMAL OPERATING PRESSURE ZERO
DIFFERENTIAL DRYWELL-TO-WETWELL

ID AT DISCHARGE 1.958 ft

O DOWNCOMER OD AT DISCHARGE 2 ft
TOTAL NUMBER OF DOWNCOMERS 80

LONG-TERM POST-LOCA CONTAINMENT MAX 0.5%/ DAY
LEAK RATE

CONTAINMENT DRYWELL-TO-WETWELL LEAKAGE SOURCE MAX 0.108 ft2
BYPASSING SUPPRESSION POOL WATER

SERVICE WATER TEMPERATURE LIMITS MAX NORMAL 890F
(TECH SPEC)
MIN NORMAL 400F

SAFETY RELIEF SET POINT CAPACITY AT 103% OF
VALVE (3) (psig) SET POINT (lbm/hr)

5 1110 884,700

5 1120 892,600

5 1130
|

900,500

NOTES:

(1) INCLUDES FREE AIR VOLUME OF THE LOCA VENT SYSTEM.
(2) DOES NOT INCLUDE FREE AIR VOLUME OF THE LOCA VENT SYSTEM.

(3) ADS CONSISTS OF FIVE SAFETY RELIEF VALVES.
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~C. 1- 3. 0 - PLANT UNIQUE ANALYSIS CRITERIA,

.

This section describes the acceptance criteria for i

the hydrodynamic loads and structural evaluations
,. ;

used in the plant unique analysis.

The acceptance criteria used in the PUA have been

developed from the NRC review of the Long Term
.

Program Load Definition Report (LDR), the Plant ;

' Unique Analysis Applications Guide (PUAAG), and the ,

'

supporting analytical and experimental programs

conducted by the Mark I Owners Group. These criteria

are documented in NUREG-0661 for both hydrodynamic

O 1eed definition end seroceure1 ege11ceeiene. :

Sections 1. and 2. of NUREG-0661 give Introduction f

and Background; Section 3. presents a detailed i

!
discussion of the Hydrodynamic Load Evaluation;

Section 4. presents the Structural and Mechanical. ;

Analyses and Acceptance Criteria, and Appendix A "

presents the Hydrodynamic Acceptance Criteria. [

!
!

:

;

|
|
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1- 3.1 Hydrodynamic Loads: NRC Acceptance Criteria h

Appendix A of NUREG-0661 resulted from the NRC

evaluation of the load definition procedures for

suppression pool hydrodynamic loads which were

proposed by the Mark I Owners Group for use in their

plant-unique analyses. This NRC evaluation addressed

only those events or event combinations which involve
,

suppression pool hydrodynamic loads. Unless other-

wise specified, all loading conditions or structural

analysis techniques used in the plant unique

analysis, but not addressed in NUREG-0661, are in

accordance with the Fermi 2 PSAR. The NRC hydro-

hdynamic loads acceptance criteria are used with a

coupled fluid-structure analytical model.

Wherever feasible, the conservative hydrodynamic

acceptance criteria of NUREG-0661 were incorporated

directly into the detailed plant unique load determi-

nations and associated structural analyses. Where

this simple, direct aporoach resulted in unrealistic

hydrodynamic loads, Ace detailed-plant unique analy-

ses were performed. Many of these analyses have

indicated that a specific interpretation of the

generic rules was well-founded. These specific

DET-04-028-1 1-3.2
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criteria are identified in the following sections and

are discussed in greater detail in Section 1-4.0.

-

,

'

O
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i
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I

|

l- 3.1.1 LOCA-Related Load Applications g

The hydrodynamic loads criteria are based on NRC

review of and revision to experimentally-formulated

hydrodynamic loads. Pool swell loads derived from

plant unique quarter-scale two-dimensional tests are

used to obtain net torus up-and-down loads and local

pressure distributions. Vent system impact and drag

loads resulting from pool swell effects are also

based on experimental results, using analytical tech-

niques where appropriate.

Condensation oscillation and chugging loads were

derived from Full-Scale Test Facility (FSTF) h
results. Downcomer loads are based on test data,

using coroparisons of plant unique and FSTP dynamic

load factors.

The acceleration drag volumes used in determining

loads on submerged structures are calculated based

upon the values in published technical literature

rather than on the procedure which might be inferred

from NUREG-0661, where the structure is idealized as

a circumscribed circle for both velocity drag and for

acceleration drag (see Section 1-4.1-5).

hDET-04-028-1 1-3.4
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O
Condensation oscillation and post-chug torus shell

and submerged structure loads are defined in terms of

50 harmonics. Random phasing of the loading har-
i

monics is assumed, based on FSTF data and subsequent
'

analysis (see Section 1-4.1.7.1).

NUREG-0661 states that the FSI effect on condensation

oscillation and chugging submerged structure loads

can be accounted for by adding the shell boundary

accelerations to the local fluid acceleration. For

Fermi 2, the FSI effect for a given structure is

included by adding the pool fluid acceleration at the

location of the structure, rather than the shell

boundary acceleration (see Section 1-4.1.7. 3) .

NUREG-0661 states that the multiple downcomer load

during chugging should be based on an exceedance

probability of 10-4 per LOCA. More realistic proba- |
1

bility levels are calculated for Fermi 2 by i

correlating the FSTF chugging duration and number of

downcomers to the Fermi 2 chugging duration and the

number of downcomers. The force per downcomer calcu-

lated in this manner for Fermi 2 results in a

j probability that the force will be exceeded not more

|
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hthan once per LOCA as a function of the number of

downcomers chugging (see Section 1-4.1.8.2).

O~
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() 1- 3.1. 2 SRV Discharge Load Applications

The analysis techniques for SRV loads were developed

to define T quencher air clearing loads on the torus

generically. However, a number of Mark I licensees

have indicated that the generic load definition pro-

cedures are overly conservative for their plant
,

design, especially when the procedures are coupled

with conservative structural analysis techniques. To

allow for these special cases, the NRC has stipulated

requirements whereby in plant tests could be used to

derive the plant specific structural response to the

SRV air clearing loads on the torus.

;

Because of the various phenomena associated with th e

air clearing phase of SRV discharge, some form of

analysis procedure is necessary to extrapolate from

test conditions to the design cases. Therefore, the

NRC requirements are predicated on formulating a

coupled load-structure analysis technique which is

calibrated to the plant specific conditions for the

simplest form of discharge (i.e., single valve, first

actuation) and then applied to the design basis event

conditions.
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SRV torus shell loads are evaluated using the alter- h
nate approach of NUREG-0661, which allows the use of

in plant SRV tests to calibrate a coupled

load-structure analytical model. This method

utilizes shell pressure waveforms more characteristic

of those observed in tests. A series of in-plant SRV

tests will be performed after fuel load to confirm

that the computed loadings and predicted structural

responses for SRV discharges are conservative (see

Section 1-4.2.3).

For SRV bubble-induced drag loads on submerged struc-

tures, a bubble pressure multiplier is used which

bounds the maximum peak positive bubble pressure and

the maximum bubble pressure differential observed

during the Monticello T-quencher tests (see Section

1-4.2.4). The improved performance characteristics

of the Fermi 2 T-quencher would actually result in

loads lower than those based on Monticello test data.
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O 2- 3 - 3 other co# ider etoa=
!

!

As part of the PUA, each licensee is required to j
' either demonstrate that previously submitted pool ;

temperature response analyses are sufficient or pro- ,'
>

vide plant-specific pool temperature response [

analyses to assure that SRV discharge transients will
,

Inot exceed specified pool temperature limits. A

suppression pool temperature monitoring system is I

i
'

also required to ensure that the suppression pool |
!
'

bulk temper ature is within the allowable limits set

forth in the plant technical specifications. |

Specific implementation of these considerations is !
'

O disceesed in Seceton 1-s.0.
;

i
i

Several loads are classified as secondary loads
,

because of their inherent low magnitudes. These

loads include: seismic slosh pressure loads;
.

post-swell wave loads; asymmetric pool swell pressure :

i
loads; sonic and compression wave loads; and |

:

downcomer air clearing loads. These secondary loads |
,

are treated as negligible compared to other loads in

the PUA which is in accordance with Appendix A of

NUREG-0661. -|
!

I
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1- 3. 2 Component Analysis: Structural Acceptance Criteria g

Section 4.0 of NUREG-0661 presents the NRC evaluation

of the generic structural and mechanical acceptance

criteria and of the general analysis techniques pro-

posed by the Mark I Owners Group for use in the

plant-unique analyses. Because most of the Mark I

facilities were designed and constructed at different

times, there are variations in the codes and

standards to which they were constructed and subse-

quently licensed. For this reassessment of the

suppression chamber, the criteria described in this

subsection were developed to provide a consistent and

uniform basis for acceptability. In this evaluation, h
references to " original design criteria" mean those

specific criteria in the Fermi 2 Final Safety

Analysis Report (FSAR).
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1-3.2.1 c1aseuicauon of Comgenenes

The structures described in Section 1-1.1 were cate-

gorized in accordance with their functions in order

to assign the appropriate service limits. The

general components of a Mark I suppression chamber

have been classified in accordance with the American

Society of Mechanical Engineers (ASME) Boiler and

Pressure Vessel Code as specified in NUREG-0661.

O
.

!

-

i

I

.
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1-3.2.2 Service Level Assignments $

The criteria used in the plant-unique analyses to

evaluate the acceptability of the existing Mark I

containment designs or to provide the basis for any

plant modifications generally follow Section III of

the ASME Boiler and Pressure Vessel Code through the

Summer 1977 Addenda.

Service Limits

The service limits are defined in terms of the

Winter 1976 Addenda which introduced Levels A, B, C,

hand D. The selection of specific service limits for

each load combination was dependent on the functional

requirements of the component analyzed and the nature

of the applied load. The assignments of service

levels for each load combination are given in Tables

1-3.2-1 and 1-3.2-2. Details regarding service level

assignments and other aspects of Tables 1- 3. 2-1 and

1-3.2-2 are described in Reference 2.

DET-04-028-1 1-3.12
Revision 0

nutp_qh

- - - -



_ _ _ _ _ _ _ _ _ _ _

O O O

/J O
to tu
<8 Table 1-3.2-1>* 8
oo
7f EVENT COMBINATIONS AND SERVICE LEVELS FOR CLASS MC
Do

N COMPONENTS AND INTERNAL STRUCTURESo ao -
1

F*

DBA DBA + EQ DBA+SRV DBA + EQ + SRVSRV BA A SRV R E
EVENT COMBINATIONS SRV +

EQ O' PS M,CO, CH CO, CII PS CO,CH PS CO,* PS CD, CH
g

TYPE OF EARTHQUAKE O S 0 S 0 S 0 S 0 S 0 S 0 S 0 S 0 S

COMBINATION NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

NORMAL (2) N X X X X X X X X X X X X X X X X X X X X X X X X X X X

EARTHQUAKE EO X X X X X X X X X X X X X X X x X X

SRV DISCHARGE SRV X X X X X X X X X X X(71 X X X( 7 ) X( 7 )

WCA THERMAL TA X X X X X X X X X X X X X X X X X X X X X X X X

pa WCA REACTIONS R X X X X X X X X X X X X X X X X X X X X X X X Xg

h WA S WCA ASI-STAnC
P x x x x x x x x x x x X x x X X X x X x x x x X3

WCA POOL SWELL Pps X X X X X X

LOCA CONDENSATION
OSCILIATION PCO X X X X X X X X X X X X

WCA CHUGGING PCH X X X X X X X X X X X X

STRUCTURAL ELEMENT ROW

'!IME, EXTERJAL VDE PIPE,
EXTERNAL BE2JDC,DRYWE2L (AT VDR),

1 A B C A A B C B C A A B C B C II* A I* C B C C C C C C CCLASS MC ATPM3H2R.M2J6,'IURUS SLP-
KAf!S, SEI9 TIC RES'!PAINIS 03 0I

A B
GENERAL AND 2 A B C A A B C B C A A B C B C (3, A (3, C B C C C C C C CINTERNAL ATTACHMENT WELDS 5) 5)VENT

PIPE AT PENETR ONS
3 A B C A A B C B C A A B C B C A C B C C C C C C C

B C A A B C B C A A B C B C , A C B C C C C C C CC ME WELDS ,

VENT 5) 5)
HEADER AT PENEThATIONS A B A B A B

O U C 3, (3e C C C C C C C C(e.g., DOWNCOMERS) (4) (4) (4) (4) g4y g4g

3 ^ ";=gg a . A B C A A B C B C A A B C B C ( A i C B C C C C C C C- Co ERS NEWS ; ;
INTERNAL SUPPORTS 7 A B C A A B C B C A A B C B C A A B C B C C C C C C C

INTERNAL GENERAL 8 A B C A A C D C D C C D E D E E E E E E E E E E E E E
STRUCTURES VENT DEFLECTOR 9 A B C A A C D C D C C D D D D D D D D D D D D D D D D



mo NOTES TO TABLE l-3.2-1
mm
<8
e- a
mO
H. b
oI (1) Reference 2 states "Where the drywell to wetwell pressure dif ferential is normally utilized as
DO a load mitigator, an additional evaluation shall be performed without SRV loadings butg
o ao assuming loss of the pressure differential. In the additional evaluation, Level D Service

i Limits shall apply for all structural elements except Row 8 Interna) Structures, which need
H not be evaluated. If drywell to wetwell pressure dif ferential is not employed as a load

mitigator, the listed service limits shall be applicable". Since Fermi 2 does not utilize a
drywell-wetwell differential pressure, the listed service limits are applied.

(2) Normal loads (N) consist of the combination of dead loads (D), live loads (L), thermal ef fects
during operation (To) and pipe reactions during operation (Ro).

(3) Evaluation of primary-plus-secondary stress intensity range (NE-3221.4) and of fatigue
(NE-3221.5) is not required.

(4) When considering the limits on local membrane stress intensity (NE-3221.2) and primary-
membrane-plus-primary-bending stress (NE-3221.3), the S value may be replaced by 1. 3 S,c.ac

H

b (NOTE: The modification to the limits does t.ot af fect the normal limits on primary-plus-
secondary stress intensity range (NE-3221.4 or NE-3228. 3) nor the normal limits on fatigue.

[ evaluation (NE-3221.5(e) or Appendix II-1500). The modification is that the limits on local
membrane stress intensity (NE-3221.2) and on primary-membrane-plus primary bending stress
intensity (NE-3221.3) have been modified by using 1.3 S in place of the normal Smc mc*

This modification is a conservative approximation to results from limit analysis testing as
reported in Reference 3 of Reference 2 and is consistent with the requirements of NE-3228.2).

(5) Service Level Limits specified apply to the overall structural response of the vent system.
An additional evaluation will be performed to demonstrate that shell stresses due to the local
pool swell impingement pressures do not exceed Service Level C limits.

(6) For the torus shell, the S value may be replaced by 1.0 S times the dynamic load factormc m
derived from the torus structural model. As an alternative,ethe 1.0 multiplier may be
replaced by the plant unique ratio of the torus dynamic failure pressure to the static failure
pressure.

(7) SRV actuation is assumed to occur coincident with the pool swell event. Although SRV
actuation can occur later in the DBA, the resulting air loading on the torus shell is
negligible since the air and water initially in the line will be cleared as the drywell to

[] wetwell AP increases during the DBA transient.

$
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f.2 Table 1-3.2-2
oa
O EVENT COMBINATIONS AND SERVICE LEVELSo co

8

l8 -
FOR CLASS 2 AND 3 PIPING

SBA SBA + EQ SBA+SRV SBA + SRV + EQ
SRV IBA IBA + EQ IBA+SRV IBA + SRV + EQ DBA DBA + EQ DBA+SRV DBA + EQ + SRV

EVENT COMDINATIONS SRV +

CH CO, CH CH CO,CH (1) CH PS CO, CH PS Cll PS CO, CH

TYPE OF EARTilOUAkE O S O S 0 S 0 S 0 S 0 S 0 S 0 S 0 S
COMDINATION NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

NORMAL (2) N X X X X X X X X X X X X X X X X X X X X X K X X X X X

EARTHQUAKE EQ X X X X X X X X X X X X X X X X X X

SRV DISCHARGE SRV X X X X X X X X X X X(6) X X X( 6 ) X(6)
W THERMAL Tg X X X X X X X X X X X X X X X X X X X X X X X X X X X
* (DADS PIPE PRESSURE P X X X X X X X X X X X X X X X X X X X X X X X X X X Xg

Un LOCA POOL SWELL Pps X X X X X X

LOCA CONDENSATION
P X X X X X X X X X XOSCILLATION CO

LOCA CHUGGING PCH X X X X X X X X X X X X

STRUCTURAL ELEMENT ROW

10 B B B B B B B B B B B B B B B B B B B B B B B H B B BITH IBA/DBAESSENTIAL (3) (3) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4)
PIPING

SYSTEMS 11 B B B B B B B B B B B B - - - - - - - - - - - -WII" 8"A
(3) (3) (4) (4) (4) (4) (3) (3) (4) (4) (4) (4)

12 B C D D D D D D D D D D D D D D D D D D D D D D D D DWITH IBA/DBA (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5)NONESSENTIAL
PIPING

SYSTEMS 13 C C D D D D D D D D D D - - - - - - - - - - - -

WITH SBA (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5) (5)

!

.



MU NOTES TO TABLE l-3.2-2
om
< H
H i
mO
H tm
oI (1) Reference 2 states "Where drywell to wetwell pressure differential is normally utilized as a
U load mitigator, an additional evaluation shall be performed without SRV loadings but assumingy
o ao the loss of the pressure differential. Service Level D limits shall apply for all structural

I, elements of the piping system for this evaluation. The analysis need only be accomplished to
the extent that integrity of the first pressure boundary isolation valve is demonstrated. If

the normal plant operating condition does not employ a drywell to wetwell pressure differ-
ential, the listed service level assignments shall be applicable." Since Fermi 2 does not
utilize a drywell to wetwell differential pressure, the listed service limits are applied.

(2) Normal loads (N) consist of dead loads (D).

(3) As an alternative, the 1.2 S limit in Equation (9) of NC-3652.2 may be replaced by 1.8 Sh'h
provided that all other limits are satisfied. Fatigue requirements are applicable to all
columns, with the exception of 16, 18, 19, 22, 24 and 25.

(4) Footnote (3) applies except that instead of using 1.8 Sh in Equation (9) of NC-3652.2, 2.4 S h
H is used,
a

E (5) Equation (10) of NC or ND-3659 will be satisfied, except the fatigue requirements are not

[ applicable to columns 16, 18, 19, 22, 24 and 25 since pool swell loadings occur only once. In
addition, if operability of an active component is required to ensure containment intcgrity,
operability of that component must be demonstrated.

|
1 (6) SRV actuation is assumed to occur coincident with the pool swell event. Although SRV

actuation can occur later in the DBA, the resulting air loading on the torus shell is
i

| neglible since the air and water initially in the line will be cleared as the drywell to
' wetwell AP increases during the DBA transient.
i

,
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O 1-3.2.3 other consiaerations

The general structural analysis techniques proposed

by the Mark I Owners Group are utilized with

sufficient detail to account for all significant

structural response modes and are consistent with the

methods used to develop the loading functions defined

in the LDR. For those loads considered in the origi-

nal design but not redefined by the LDR, either the

results of the original analysis are used or a new

analysis is performed, based on the methods employed

in the original plant design.

The damping values used in the analysis of dynamic

loading events are those specified in Regulatory

Guide 1.61, " Damping Values for Seismic Design of

Nuclear Power Plants" which is in accordance with

NUREG-0661.

The structural responses resulting from two dynamic

phenomena are combined by the absolute sum method.

Time phasing of the two responses is such that the

combined state of the stress results in the maximum
stress intensity.

'
.
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1-4.0 HYDRODYNAMIC LOADS DEVELOPMENT METHODOLOGY AND EVENT

SEQUENCE SUMMARY !

t

This section presents the load definition procedures f
I

used to develop the Fermi 2 hydrodynamic loads and is !

i

; organized in accordance with NUREG-0661, Section 3. i
i

Table 1-4.0-1 provides a cross-reference between the !
:

sections of this PUAR and the sections of Appendix A j

of NUREG-0661 where each load or event is addressed. !
.

i

:

l
t

>

O.

.

!

!

i

!
|
;

f

i

!

:

i

I
;

i

!
,

l

!
i

[

i
,
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Table 1-4.0-1

PLANT UNIQUE ANALYSIS /NUREG-0661 LOAD SECTIONS Q
CROSS-REFERENCE

NUREG-0661
LOAD / EVENT PUA SECTION APPENDIX A

SECTION

CONTAINMENT PRESSURE AND l-4.1.1 2.0
TEMPERATURE RESPONSE

VENT SYSTEM DISCHARGE LOADS 1-4.1.2 2.2

POOL SWELL LOADS ON TORUS SHELL 1-4.1.3 2.3 & 2.4

POOL SWELL LOADS ON ELEVATED
l-4.1.4 2.6 - 2.10STRUCTURES

POOL SWELL LOADS ON SUBMERGED l-4.1. 5 & 2.14.1 & 2.14.2
STRUCTURES 1-4.1.6

CONDENSATION OSCILLATION LOADS 1-4.1.7.1 2.11.1ON TORUS SHELL
CONDENSATION OSCILLATION LOADS

1-4.1.7.2 2.11.2ON DOWNCOMERS AND VENT L" STEM

CONDENSATION OSCILLATION LOADS g |'1-4.1.7.3 2.14.5ON SUBMERGED STRUCTURES

CHUGGING LOADS ON TORUS SHELL l-4.1.8.1 2.12.1

CHUGGING LOADS ON DOWNCOMERS 1-4.1.8.2 2.12.2

CHUGGING LOADS ON SUBMERGED
1-4.1.8.3 2.14.6STRUCTURES

SRV ACTUATION CASES 1-4.2.1 2.13.7

SRV DISCHARGE LINE CLEARING
l-4.2.2 2.13.2 & 2.13.1LOADS

SRV LOADS ON TORUS SHELL l-4.2.3 2.13.3

SRV LOADS ON SUBMERGED
1-4.2.4 2.14.3 & 2.14.4STRUCTURES

DESIGN BASIS ACCIDENT l-4.3.1 3.2.l*

INTERMEDIATE BREAK ACCIDENT l-4.3.2 3.2.l*

SLALL BREAK ACCIDENT 1-4.3.2 3.2.l*

* SECTIONS OF THE MAIN BODY OF NUREG-0661

O
DET-04-028-1
Revision 0 1-4.2 00
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O 1-4.1 LOCA-ae1ated teeds

This subsection describes the procedures used to

define the Fermi 2 LOCA-related hydrodynamic loads.

! The sources of structural loads generated during a
I

LOCA are primarily a result of the following

conditions.

Pressures and temperatures within the drywell,-

vent system and wetwell

Fluid flow through the vent system-

Initial LOCA bubble formation in the pool and-

the resulting displacement of water due to pool

swell

- Steam flow into the suppression pool

(condensation oscillation and chugging)

For postulated pipe breaks inside the drywell, three

LOCA categories are considered. These three

categories, selected on the basis of break size, are

referred to as the Design Basis Accident (DBA),
|

Intermediate Break Accident (IBA) and Small Break

Accident (SBA).

O DET-04-028-1 1-4.3
Revision 0
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hThe DBA for the Mark I containment design is the

instantaneous guillotine rupture of the largest pipe

in the primary system (recirculation suction line).

This LOCA leads to a specific combination of dynamic,

quasi-static and static loads. However, the DBA does

not represent the limiting case for all loads and

structural responses. Consequently, an Intermediate

Break Accident (IBA) and a Small Break Accident (SBA)

are also evaluated. The IBA is evaluated as a

20.1 ft instantaneous liquid line break in the

primary system, and the SBA is evaluated as a

0.01 ft2 instantaneous steam line break in the

primary system.

O

DET-04-028-1 1-4.4
Revision 0

nutp_qh

L



1

l

|

|O 1-4 1 1 co#eet eat ere eure eaa re eeree re neevo#ee

| .

The drywell and suppression chamber transient

pressure and temperature responses are calculated

using the General Electric Company Pressure

Suppression Containment Analytical Model (Reference

5). This analytical model calculates the thermo-
,

.

dynamic response of the drywell, vent system, and |
.

suppression chamber volumes to mass and energy !

released from the primary system following a

postulated LOCA.
i

|

The containment pressure and temperature analyses are

performed in accordance with Appendix A of NUREG-0661

and are documented in Reference 6.

,
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1-4.1.2 Vent System Discharge Loads

Of the three postulated LOCA categories, the DBA

causes the most rapid pressurization of the

containment system, the largest vent system mass flow

rate, and therefore, the most severe vent system

thrust loads. The pressurization of the containment

for the IBA and SBA is much less rapid than for the

DBA. Thus, the resulting vent system th rus t loads

for the SBA and IBA are bounded by the DBA thrust

loads. Consequently, vent system th rust loads are

only evaluated for the DBA.

Reaction loads occur on the vent system (main vent, g
vent header, and downcomers) following a LOCA due to

pressure imbalances between the vent system and the

surrounding torus airspace, and due to forces

resulting from changes in flow direction.

The LDR thrust equations consider these forces due to

pressure distributions and mcmentum to define

horizontal and vertical thrust forces. These

equations are included in the analytical procedures

applied to the main vents, vent header, and downcomer

portions of die vent system.

$DET-04-028-1 1-4.6
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Because main vents and downcomers are located

symmetrically about the center of the vent system,

the horizontal vent system thrust loads cancel each

other, resulting in a zero effective horizontal vent

system thrust load.

The bases, analytical procedures, and assumptions

used to calculate thrust loads are described in the

LDR. The Fermi 2 plant unique DBA thrust loads for

the main vent, the vent header, and downcomers are

based 6n a zero initial drywell/wetwell pressure

differential. The thrust loads used in this PUA are

documented in Reference 6

The analysis of the vent system is presented in

Volume 3 of the PUAR. The vent system discharge

loads are developed in accordance with Appendix A of

NUREG-0661.

:
,
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1-4.1.3 Pool Swell Loads on the Torus Shell g

During the postulated LOCA, the air initially in the
i

drywell and vent system is injected into the sup-

pression pool, producing a downward reaction force on

the torus followed by an upward reaction force.

These vertical loads create a dynamic imbalance of

forces on the torus, which acts in addition to the

weight of the water applied to the torus. This

dynamic force history lasts for only a few seconds.

The bases, assumptions, and justifications for the

pool swell loads on the torus shell due to the DBA

gare described in the LDR. The pool swell loads on

the torus shell are based on a series of Fermi 2

unique tests conducted in the Quarter-Scale Test

Facility (OSTF) (Reference 7). The loads developed

from these QSTF tests are documented in Reference

6. The pool swell loads on the torus shell used in

the PUA are based on the information in Reference 6

with the addition of the upload and download margins

specified in Appendix A of NUREG-0661.

From the plant unique average submerged pressure and

the torus air pressure time histories, the local

DET-04-028-1 1-4.8
Revision 0 !

nutggh

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



_ . . . _ . - . . -_ _ _ -

-

,

O'

everese eue ersea ere ure er a teate et aire reat

locations on the shell are calculated using the LDR
:

methodology and the criteria given in NUREG-0661. t

,

i

In order to perform pool swell analysis of the torus |

shell and supports, shell loads are divided into
,

static and dynamic components. This is accomplished

by subtracting the airspace pressures from the

average submerged pressures.

Torus shell load development procedures, methodology {
and assumptions are in accordance with Appendix A of !

'

NUREG-0661.

O
,

|

|

T

{

>

-

!
;
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1-4.1.4 Pool Swell Loads on Elevated Structures g

This subsection describes the load definition

procedures used to define the following hydrodynamic

loads on the main vent line and other structures

initially above normal water level.

Pool swell impact and drag~

Froth impingement, Region I-

Froth impingement, Region II-

Pool fallback load-

Froth fallback load-

gThe analysis of the effect of pool swell loads on

elevated structures is presented in Volumes 3 and 4

of this PUAR.
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O
l-4.1.4.1 Impact and Drag Loads on the Vent System

In the event of a postulated design basis LOCA, the

pool surface rises during the pool swell phase and

impacts structures in its path. The resulting'

loading condition of primary interest is the impact

on the vent system. The impact phenomenon consists

of two events: the impact of the pool on the

structure and the drag on the structure as the pool

flows past it following impact. The load definition

includes both the impact and drag portions of the

loading transient.

O
The vent system components which are potentially

impacted during pool swell include the downcomers,

the vent header deflector, and the main vents. There

are no vent header impact or drag loads for Fermi 2

due to the presence of the vent header deflector.

This was determined from plant unique quarter-scale

tests with a deflector in place (Reference 7).

A generic pressure transient is specified for the

downcomers and is assumed to apply uniformly over the

bottom 50-degrees. of the angled portion of the

DET-04-028-1 1-4.11
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downcomer. The amplitude of the load is 8.0 psid and g
is applied as shown in Figures 1-4.1-1 and 1-4.1-2.

The vent header deflector loads are developed on a

plant unique basis. The bases, assumptions, and

justifications for vent header deflector impact loads

are provided in the LDR. Reference 6 presents the

full-scale loads for the Fermi 2 deflector. These

loads are based on a zero initial drywell-to-wetwell

pressure differential and include the load definition

requirements specified in Appendix A of NUREG-0661.

s Pool cwell impact and drag loads on the main vent

line are calculated using the procedure specified in >

Appendix A of NUREG-0661. The pool swell loads on

the vent header, the downcomero, and the vent header
,

deflector are 41so calcu%*ed it, accordance with

Appendix A of NUREG-0661.

|

|
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8
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O
,

TIME WHEN POOL TIME OF TIME (msec)
REACHES LOWER MAXIMUM
END OF ANGLED POOL SWELL
PORTION OF = 0.89 sec
DOWNCOMER(1)

NOTE:

(1) THE TIME OF INITIAL IMPACT IS DEPENDENT ON THE
DOWNCOMER LOCATION. THESE TIMES ARE PRESENTED
IN VOLUME 3.

Figure 1-4.1-1

DOWNCOMER IMPACT AND DRAG PRESSURE TRANSIENT
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( VENT HEADER

V
A

DOWNCOMER
(ANGLED

,

SECTION)
A

IMPACT PRESSURE | h
TRANSIENT APPLIED
TO SHADED AREA

(VERTICAL
SECTION)

u
500

SECTION A-A

Figure 1-4.1-2

APPLICATION OF IMPACT AND DRAG PRESSURE

hTRANSIENT TO DOWNCOMER
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O
l-4.1.4.2 Impact and Drag Loads on Other Structures

As the pool surface rises due to the bubbles forming

at the downcomer exits, it may impact structures

located in the wetwell airspace. In the present

context, "other structures" are defined as all

structures located above the initial pool surface,

exclusive of the vent system.

The LDR presents the bases, assumptions and

methodology used in determining the pool swell impact
i

-

and drag loads on structures located above the pool

) surface. These load specifications correspond to

impact on " rigid" structures. When performing

i structural dynamic analysis, the " rigid body" impact

loads are applied. However, the mass of the impacted

structure is adjusted by adding the hydrodynamic mass

of impact, except for gratings. The value of hydro-

dynamic mass is obtained using the methods described

in the LDR.

1

In performing the structural dynamic analysis, drag

following impact (Figures 1-4.1-3 and 1-4.1-4) is

included in the forcing function. The transient

DET-04-028-1 1-4.15
"evision 0

nutg.gh

- - - - - - - --



hcalculation is continued until the maximum stress in

the structure is identified.

Impact and drag load development and application is

in accordance with Appendix A of NUREG-0661.

O

|
i
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l-4.1.4.3 Pool Swell Froth Impingement Loads

I

During the final stages of the pool swell phase of a

DBA IDCA, the rising pool breaks up into a two-phase

froth of air and water. This froth rises above the

pool surface and may impinge on structures within the

torus airspace. Subsequently, when the froth falls

back, it creates froth fallback loads. There are two

mechanisms by which froth may be generated.

Region I Froth

As the rising pool strikes the bottom of the vent

header deflector, a froth spray is formed, which

travels upward and to both sides of the vent

header. This is defined as the Region I froth

impingement zone and is shown in Figure 1-4.1-5.

Region II Froth

A portion of the water above the expanding air bubble

becomes detached from the bulk pool. This water is

influenced only by its own inertia and gravity. The

" bubble breakthrough" creates a froth which rises

DET-04-028-1 1-4.19
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t' e maximum bulk pool swell ginto the airspace beyond h

height. This is defined as the Region II froth

impingement zone and is shown in Figure 1-4.1-6.

LDR methods are used to define the froth impingement

loads for Region I. For the Region I froth

formation, the LDR method assumes the froth density

to be 20% of full water density for structures with

maximum cross-section dimensions of less than l', and

a proportionally lower density for structures greater

than l'. The load is applied in the direction most

critical to the structure within the region of load

application as defined in the LDR. The load is

happlied as a step function for a duration of

80 milliseconds.

The froth density of Region II is assumed to be 100%

water density for structures or sections of

structures with a maximum cross-sectional dimension

less than or equal to l', 25% water density for

structures greater than l', and 10% water density for

structures located within the projected region

directly above the vent header. The load is applied

in the direction most critical to the structure

within the region of load application as defined in

!

DET-04-028-1 1-4.20
Revision 0

nutg_qh



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

h the LDR. The load is applied as a rectangular pulse

with a duration of 100 milliseconds.

For some structures, the procedures described above

result in unrealistically conservative loads. In

these situations the alternate procedure outlined in

Appendix A of NUREG-0661 is used. This procedure

consists of calculating Region I froth loads from

high-speed QSTF movies. In this case, the froth

source velocity, mean jet angle, and froth density in

Region I are derived from a detailed analysis of the

QSTP plant specific high-speed films.

With either methodology for Region I, the vertical

component of the source velocity is decelerated to

the elevation of the target structure to obtain the

froth impingement velocity. The load is applied in

the direction most critical to the structure within

the sector obtained from QSTF movies. The QSTF

movies were used to check if a structure was impinged

by Region I froth. Uncertainty limits for each

parameter are applied to assure a conservative. load

specification.
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The froth fallback pressure is based on the conserva- $
tive assumption that all of the froth fallback

momentum is transferred to the structure. The froth

velocity is calculated by allowing the froth to fall

freely from the height of the upper torus shell

directly above the subject structure. The froth

fallback pressure is applied uniformly to the upper

projected area of the structure being analyzed in the

direction most critical to the behavior of the

structure. The froth fallback is specified to start

when the froth impingement load ends and lasts for

1.0 second. The range of direction of application is

directed downward i45 degrees from the vertical.

O
The pool swell froth impingement and froth fallback

loads used in the PUA are in accordance with

Appendix A of NUREG-0661.

|
l

DET-04-028-1 1-4.22
Revision 0

nutg_Qh

_ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ -

1

r

TORUS
-

FROTH
REGION I

VENT
,

HEADER

- ( - TYPICAL
Kj STRUCTUTC

2
450

0

NOTE:
1. REGION IS SYMMETRIC ON

BOTH SIDES OF VENT HEADER.

Figure 1-4.1-5

FROTH IMPINGEMENT ZONE - REGION I

DET-04-028-1 gRevision 0 1-4.23

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



___ _ _ _ _ _ _ _ _ _

e
R z

REGION II

I

e

!!!$!!""

|

TORUS

Figure 1-4.1-6

FROTH IMPINGEMENT ZONE - REGION II

OUtkhbDET-04-028-1
Revision 0 1-4.24

-____ ________ _ -



I

|

:

O
l-4.1.4.4 Pool Fallback Loads

This subsection describes pool fallback loads which

apply to structures within the torus that are below

the upper surface of the pool at its maximum height

and above the downcomer exit level. After the pool

surface has reached maximum height as a result of

pool swell, it falls back under the influence of

gravity and creates drag loads on structures inside

the torus shell. The structures affected are between

the maximum bulk pool swell height and the downcomer

exit level, or immersed in an air bubble extending

O beneeth the downcomer exie 1 eve 1.

For structures immersed in the pool, the drag force

during fallback (as described in the LDR) is the sum

of standard drag (proportional to velocity squared)

and acceleration drag (proportional to accelera-

tion). For structures which are beneath the upper

surface of the pool but within the air bubble, there

is an initial load associated with resubmergence of

the structure by either an irregular impact with the

bubble pool interface or a process similar to froth

fallback. This initial load is bounded by the

,
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hstandard drag because conservative assumptions are

made in calculating the standard drag.

The load calculation procedure, as described in the

LDR, requires determination of the maximum pool swell

height above the height of the top surface of the

structure. Freefall of the bulk fluid from this

height is assumed and thia produces both standard

drag and acceleration drag, with the total drag given

by the sum.

The LDR procedure results in a conservative

calculation of the velocity since it is unlikely that

hany appreciable amount of pool fluid will be in

freefall through this entire distance. The maximum

pool swell height is determined from the QSTF plant

unique tests (Reference 7).

The procedures outlined in Appendix A of NUREG-0661

are used to account for interference effects

associated with both standard and acceleration drag

forces.

1

|
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O Sereceeres hich mer se enve1oged by the toc ^ sues 1e
|

are evaluated for potential fallback loads as a
'

result of bubble collapse to ensure that such loads

are not larger than the LOCA bubble-drag loads

(Section 1-4.1.6).

The fallback load is applied uniformly over the upper

projected surface of the structure in the direction

most critical to the behavior of the structure. The

range of i45 degrees from the vertical is applied to

both the radial and longitudinal planes of the torus.

The procedures used in the PUA to determine pool

! fallback loads are in accordance with Appendix A of

NUREG-0661.

i
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1-4.1.5 LOCA Waterjet Loads on Submerged Structures h

As the drywell pressurizes during a postulated DBA

LOCA, the water slug initially standing in the

submerged portion of the downcomer vents is

accelerated downward into the suppression pool. As

the water slug enters the pool, it forms a jet which

could potentially load structures which are

intercepted by the discharge. Forces due to the pool

acceleration and velocity induced by the advancing

jet front are also created.

LOCA water jet loads affect structures which are

enclosed by the jet boundaries and last from the time

that the jet first reaches the structure until the

time when the last particle of the water slug passes

the structure. Pool motion can create loads on

structures which are within the region of motion for

the duration of the water jet. The assumptions

included in the methodology are presented in the LDR.

The calculation procedure used to obtain LOCA jet

loads is based on experimental data obtained from

tests performed at the Quarter-Scale Test Facility

(Reference 7) and on the analytical model described
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( ,) in Reference 1. Plant unique downcomer clearing

information, obtained experimentally during the QSTF

testing in the form of LOCA jet fluid velocity and

acceleration time-histories, is shown in Figure

1-4.1-7.

As the jet travels through the pool, the particles at

the rear of the water slug, which were discharged

from the downcomer at higher' velocities, catch up

with particles at the front of the water slug, which

were discharged at lower velocities. When this

" overtaking" occurs both particles are assumed to

continue on at the higher velocity. As the rear

.) particles catch up to the particles in front, the jet

becomes shorter and wider. When the last fluid

particle leaving the downcomer catches up to the

front of the jet, the jet dissipates.

Forces due to pool motion induced by the advancing

jet are calculated for structures that are within

four downcomer diameters below the downcomer exit

elevation. The f ow field, standard drag and

acceleration drag are calculated using the equations

in the LDR.

'3
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O
Structures that are within four downcomer diameters

below the downcomer exit elevation will sustain a

loading, first from the flow field induced by the

jet, then from the jet itself if it is within the

cross-section of the jet. Forces resulting from the

flow field are due to standard drag and acceleration

drag. The force from the jet is due to standard drag

only, since particles within the jet travel at

constant discharge velocity (i.e., there is no

acceleration).

The standard drag force on the submerged structure is

computed based on the normal component of velocity

intercepting the structure, the projected area of the

structure intercepted by the normal component of

velocity, and the jet or flow field area.

For LOCA water jet loads, downcomers are modeled as

jet sources for submerged structures based on the

location of the structure.
!

|

Structures are divided into several sections

l following the procedure given in the LDR and the

criteria given in NUREG-0661. For each section, the
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h location, acceleration drag volume, drag coef ficient

and orientation are input into the LOCA jet model.

The T.DCA water jet loads on circular cross-section

structures due to standard and acceleration drag are

developed in accordance with Appendix A of

NUREG-0661. For structures with sharp corners, these

drag loads are calculated considering forces on an

2@ Lequivalent cylinder of diameter D =eq max'

where hax is the maximum transverse dimension. For

acceleration drag, this technique results in

unrealistic loads on some structures such as I-beams

due to the significant increase in the acceleration

drag volume. For Fermi 2 applications this

represents two to three times the published

acceleration drag volumes. In these cases the

acceleration drag volumes in Table 1-4.1-1 are used

in the acceleration drag load calculation. A

literature search concluded that these acceleration

drag volumes are appropriate in this application.

References 8 and 9 show that the values in Table

1-4.1-1 are applicable for the cases evaluated in

this analysis.
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The LOCA water jet load is a transient load and

therefore is applied dynamically. The LOCA jet loads

are presented in Volume 4.

O

O

!
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Table 1-4.1-1

O avoaOovNix c x^SS ^No accEtEnnT ON oR^O v0 TUXES
FOR TWO-DIMENSIONAL STRUCTURAL COMPONENTS

(LENGTH L FOR ALL STRUCTURES)

SECTION THROUGH ACCELERATION DRAG
BODY BODY AND UNIFORM HYDRODYNAMIC MASS VOLUME V

FLOW DIRECTION A

i

R '

2 8CIRCLE * owr L 27R L

8ELLIPSE owa L wa (a+b) L

r

b 8ELLIPSE owb L vb(a+b)L,

t
a e

P

() PLATE e 2a ova L wa L8 8

r

a/b

ova:L aL(4b+a)[2a*

RECTANGLE
-- 10 1.14 ova:L aL(4b+1.147a)

8i 2b 5 1.21 owa L aL(4b+1.21Tal
2 1.36 ova:L aL(4b+1.36wa)
1 1.51 owa:L aL ( 4b+1. 51xa)

21/2 1.70 pra L aL(4b+1.70na)
1/5 1.98 owa:L aL(4b+1.98va)
1/102.23 owa:L aL(4b+2.23sa)

_ 2b _ a/b
2

-

2 0.85 pra L aL(2b+0.857a)
2DIAMOND * a 1 0.76 ova L aL(2b+0.76wa)
81/2 0.67 ova L aL(2b+0.67xa)
81/5 0.61 owa L aL(2b+0.61sa)

dck
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Table 1-4.1-1

HYDRODYNAMIC MASS AND ACCELERATION DRAG VOLUMES

hFOR TWO-DIMENSIONAL STRUCTURAL COMPONENTS

(LENGTH L FOR ALL STRUCTURES) I
l

(Concluded) '

ACCELERATION
BO AD D GBODY HYDRODYNAMIC MASS

O

b/a

M 1 0.478 on/4a b 0.478n/4a bt 2

2 a1.5 0 680 on/4a b 0.680n/4a b*~''7RECTANGULAR
m 2PLATE 2 0.840 on/4a b 0.840n/4a bp
2 2y 2.5 0.953 on/4a b 0.953n/4a b
2 m

p 3 pu/4a b n/4a b

on/4a*b n/4a ba

3(tan 8)s/2 a' (tan 8)s/2"
TRIANGULAR pa

% ,

PLATE O 3n 3n

O
8 8SPHERE * p/R 2nRR

8 3
D 8/3R 8/3R*

R

b/a
2 ton/6ba n/6ba
2 2ELLIPTICAL * * 3 0.9 on/6ba 0.9n/6bap

DISK I
2 0.826 on/6ba 0.826n/6ba 2

"
1.5 0.748 on/6ba: 0.748x/6ba

8 r1 0.637 on/6ba 0.637n/6ba

9
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1-4.1.6 LOCA Bubble - Induced Loads on Submerged Structures h

During the initial phase of the DBAc pressurized

drywell air is purged into the suppression pool

through the submerged downcomers. After the vent

clearing phase of a DBA, a single bubble is formed

around each downcomer. During the bubble growth

period, unsteady fluid motion is created within the

suppression pool. During this period, all submerged

structures below the pool surface will be exposed to

transient hydrodynamic loads.

The bases of the flow model and load evaluation for

the definition of LOCA bubble-induced loads on

submerged structures are presented in Section 4. 3. 8

of the LDR.

After contact between bubbles of adjacent downcomers,

the pool swell flow field above the downcomer exit

elevation is derived from QSTP plant unique tests

(Reference 7). Af ter bubble contact, the load will

act only vertically. This pool swell drag load is

computed using the method described in Section

1-4.1.4.2.
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The parameters which affect load determination are

torus geometry, downcomer locations, and thermo- i

dynamic properties. These plant specific data are -

presented in Table 1-4.1-2. The DBA plant unique
f

transient drywell pressure time-history, which is an

input into the model, is presented in Figure 1-4.1-8.

The number of downcomer vents modeled is dependent on
t

the location of the submerged structure. The torus

!is modeled as a rectangular cell with dimensions as

given in Table 1-4.1-2. [
i
,

The structures are divided into sections and the

loads on each section are calculated following the

procedure given in the LDR and the criteria given in

NUREG-0661.

The procedure used for calculating drag loads on

structures with circular and sharp-cornered cross- '

sections is in accordance with Appendix A of

NUREG-0661. For some structures with sharp corners

such as I-beams, the acceleration ' drag volumes are

calculated using the information in Table 1-4.1-1.

,
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hThe LOCA bubble loads are transient loads and are

therefore applied dynamically. The plant specific

loads for submerged structures are presented in

Volume 4 of the PUAR.

| .

i

O

1
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Table 1-4.1-2

() PLANT UNIQUE PARAMETERS

FOR LOCA BUBBLE DRAG LOAD DEVELOPMENT

PARAMETER VALUE

NUMBER OF DOWNCOMERS 8-10

WATER DEPTH IN TORUS (ft) 14.67

WIDTH (ft) 30.48
CELL

LENGTH (ft) 33.15-44.76
s

VERTICAL DISTANCE FROM DOWNCOMER EXIT
3.932TO TORUS CENTERLINE (ft)

INSIDE RADIUS (ft) 0.979

() SUBMERGENCE (f t) 3.33

UNDISTURBED PRESSURE AT BUBBLE CENTER 16.07ELEVATION BEFORE THE BUBBLE APPEARS (psig)

PRESSURE BEFORE LOCA (psig) 14.2

DRYWELL
TEMPERATURE BEFORE LOCA (OF) 135

OVERALL VENT PIPE FRICTION FACTOR (fl/d) 5.51

INITIAL LOCA BUBBLE WALL VELOCITY (ft/sec) 14.88

O
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O 1-4 1 7 coaaea eioa oec111 eioa to ae

This subsection describes the condensation

oscillation loads on the various structures and

components in the suppression chamber.

Following the pool swell transient of a postulated

LOCA, there is a period during which condensation

oscillations occur at the downcomer exit.

Condensation oscillations are associated with the

pulsating movement of the steam-water interface

caused by variations in the condensation rate at the

downcomer exit. These condensation oscillations

; cause periodic pressure oscillations on the torus

shell, submerged structures and in the vent system.

The loads specified for condensation oscillation are

based on the Full-Scale Test Facility (FSTP) tests

(References 10, 11 and 12). The LDR and NUREG-0661

discuss the bases, assumptions and methodology for
computation of the condensation oscillation loads.
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g1-4.1.7.1 CO Loads on the Torus Shell

Loads on the submerged portion of the torus shell

during the condensation oscillation phenomenon

consist of pressure oscillations superimposed on the

prevailing local static pressures.

The condensation oscillation load on the torus shell

is a rigid wall load specified in terms of the

pressure at the torus bottom dead center. It is used

in conjunction with a flexible wall coupled

flcid-structural model of the torus. The LDR load

definition for condensation oscillation consists of

50 harmonic loadings with amplitudes which vary with h
frequency. Three alternate rigid wall pressure

amplitude variations with frequency are specified in

the LDR. A fourth alternate load case is also

considered based on the results of Test M12 from the
supplemental test series conducted at the FSTP

(References 11 and 12). The rigid wall pressure

amplitude variation with frequency is given in Table

1-4.1-3 and Figure 1-4.1-9. The alternate frequency

spectrum which produces the maximum total response is

used for design.
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O The errecte or e11 her oalce uee be eu ed to obtela

the total response of the structure. Random phasing

of the loading harmonics is assumed, based on

experimental observations and subsequent analysis.

The implementation of the random phasing approach is

accomplished by multiplying the absolute sum of the

responses of all 50 harmonics by a scale factor.

This scale factor is calculated using cumulative

distribution function (CDF) curves of the responses

at 14 locations on the FSTF torus shell. Each of the

CDP curves is generated using 200 sets of random

phase angles. Using this approach, a scale factor of

O 0.e5 ie deve1eped which reeu1ee in e non-exceedence

probability of 84% at a confidence level of 90%.

This scale factor is applied to the absolute sum of

the responses of all 50 harmonics for all Fermi 2

torus shell locations evaluated.

Table 1-4.1-4 compares measured and calculated PSTP

response to CO loads. The calculated PSTP response

in Table 1-4.1-4 is determined using CO load

Alternates 1, 2, and 3 and the random phasing

approach described above. In all cases the

calculated response is greater than the measured

DET-04-028-1 1-4.43
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hresponse, demonstrating the conservatism of this

approach. Although not shown in Table 1-4.1-4, CO

load Alternate 4 adds approximately 20% to the

calculated shell response. Thus using Alternate 4 in

the Fermi 2 analysis contributes additional

conservatism to the comparison shown in Table

1-4.1-4.

The onset times and durations for condensation

oscillation are specified in Table 1-4.1-5. Test

results indicate that for the postulated IBA,

condensation oscillation loads are bounded by

chugging loads. Test results also indicate that for

the postulated SBA, condensation oscillation loads

are not significant, and therefore none are

specified.

The longitudinal condensation oscillation pressure

distribution along the torus centerline is uniform.

The cross-sectional vaciation of the torus wall

pressure varies linearly with elevation from zero at

the water surface to a maximum at the torus bottom

(Figure 1-4.1-10).
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m
,) Since torus dimensions and the number of downcomers

vary, the magnitude of the condensation oscillation

load differs for each Mark I plant. A multiplication

factor was developed to account for the effect of the

pool-to-vent area ratio. This factor is 0.86 for

Fecmi 2 and was developed using the method described

in the LDR (Figure 1-4.1-11). The Fermi 2 unique

condensation oscillation load is determined by

multiplying the amplitude of the baseline rigid wall

load (Table 1-4.1-3) by this factor.

G
)

ny y
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Table 1-4.1-3

DBA CONDENSATION OSCILLATION TORUS

SHELL PRESSURE AMPLITUDES

MAXIMUM PRESSURE AMPLITUDE (psi)FREQUENCY
^

ALTERNATE ALTERNATE ALTERNATE ALTERNATE
(Hz) 1 2 3 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 0.97

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 0.10 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 0.20 0.20 0.20 0.23

21-22 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 0.31

24-25 0.16 0.16 0.16 0.22

9
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Table 1-4.1-3

- DBA CONDENSATION OSCILLATION TORUS

SHELL PRESSURE AMPLITUDES

(Concluded)

MAXIMUM PRESSURE AMPLITUDE (psU
FREQUENCY
INTERVALS ALTERNATE ALTERNATE ALTERNATE ALTERNATE

(Hz) 1 2 3 4

25-26 0.25 0.25 0.25 0.50

26-27 0.58 0.58 0.58 0.51

27-28 0.13 0.13 0.13 0.39

28-29 0.19 0.19 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 0.03 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

35-36 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

38-39 0.06 0.06 0.06 0.05

39-40 0.09 0.09 0.09 0.03

40-41 0.33 0.33 0.33 0.08

41-42 0.33 0.33 0.33 0.19

42-43 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

: 46-47 0.33 0.33 0.33 0.18
t

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 0.33 0.21
_

k_
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Table 1-4.1-4

FSTF RESPONSE TO CONDENSATION OSCILLATION

MAXIMUM MEASURED
CALCULAT ED FSTF RESPONSE

RESPONSE QUANTITY FSTF RESPONSE
AT 84% NEP(1) M8 MllB M12

BOTTOM DEAD CENTER
3.0 2.3 1.6 2.7AXIAL STRESS (ksi)

BOTTOM DEAD CENTER
HOOP STRESS (ksi) 3.7 2.6 1.4 2.9

BOTTOM DEAD CENTER 0.17 0.11 0.08 0.14
DISPLACEMENT (in.)

INSIDE COLUMN
184 93 80 109FORCE (kips)

OUTSIDE COLUMN 208 110 89 141FORCE (kips)

NOTE:

(1) USING CO LOAD ALTERNATES 1, 2 AND 3.

(
|

O
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' Table 1-4.1-5

CONDENSATION OSCILLATION ONSET AND DURATION

:

'ONSET TI.ME DURATIONBREAK SIZE AFTER BREAK AFTER ONSET

DBA 5 SECONDS 30 SECONDS

IBA 5 SECONDS (l) 300 SECONDS II}

SBA NOT APPLICABLE NOT APPLICABLE

NOTE: '

(1) FOR THE IBA, CHUGGING LOADS AS DEFINED IN
SECTION 1-4.1.8.2. ARE USED. -

O

O
|
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| l-4.1.7.2 CO Loads on the Downcomer and Vent System

;

Downcomer Dynamic Loads

The downcomers experience loading during the

condensation oscillation phase of the blowdown. The

procedure for defining the dynamic portion of this

loading for both a DBA and an IBA is presented in

this section. Condensation oscillation loads do not

occur for the SBA. The bases, assumptions, and

loading definition details are presented in the LDR.

The downcomer dynamic load involves two components:

O
~

An internal pressure load of equal magnitude in-

each downcomer in a pair and

A dif ferential pressure load between downcomers-

in a pair

Both the internal pressure load and the differential

pressure load have three f requency bands over which

they are applied. Figure 1-4.1-12 shows a typical

downcomer and a schematic of downcomer loading

conditions during the CO phase of a blowdown.

.
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O
Table 1-4.1-6 lists the downcomer internal pressure

loads for the DBA CO period. Figure 1-4.1-13 shows

the internal pressure load and the three frequency

bands over which they are applied. The dominant

downcomer frequency is determined from a harmonic

analysis where the dominant downcomer frequency is

shown to occur in the frequency range of the second

condensation oscillation downcomer load hatmonic (see

Volume 3). The first and third condensation

oscillation downcomer load harmonics are therefore

applied at frequencies equal to 0.5 and 1.5 the value

of the dominant downcomer frequency.

O
Table 1-4.1-7 defines the downcomer differential

pressure loads for the DBA CO period. Application of

the dominant harmonic differential pressures is the

same as for the internal pressure application

previously discussed. Figure 1-4.1-14 shows the

differential pressure amplitudes and frequency

ranges.

Figure 1-4.1-15 shows how the downcomer CO dynamic

loads are applied to the different downcomer pairs on

the Fermi 2 vent header system. The total response

DET-04-028-1 1-4.54
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('~' of the downcomer/ vent header intersection to the CO

dynamic load is the sum of the responses from the

internal and differential pressure components. All

eight load cases are evaluated and the case with the

maximum response is used for design.

Table 1-4.1-8 provides the downcomer internal

pressure loads for the IBA CO period. Figure

1-4.1-16 shows these downcomer internal pressure load

values and the range of application. Table 1-4.1-9

gives the downcomer dift'erential pressure loads for

the IBA CO period. The procedure used to evaluate

the IBA CO downcomer loads is the same as that used

for the DBA CO downcomer loads. The load cases for

the IBA loads are also the same as for the DBA loads;

therefore, Figure 1-4.1-15 is used.

Vent System Loads

Loads on the vent system during the condensation

oscillation phe..omenon result from harmonic pressure

oscillations superimposed on the prevailing local

static pressures in the vent system.

O DET-04-028-1 1-4.55
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Condensation oscillation loads are specified for all

three components of the vent system: the main vents,

the vent header, and the downcomers (Table

1-4.1-10). These loads, as determined from FSTP

data, are generic and are thus directly applicable to

all Mark I plants.

In addition to the oscillating pressure described

above, a uniform static pressure is applied to the

main vents, vent header, and the downcomers to

account for the nominal submergence of the

downcomers.

O
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Table 1-4.1-6

. DOWNCOMER INTERNAL PRESSURE LOADS

FOR DBA CONDENSATION OSCILLATION

APPLIEDPRESSURE
FREQUENCYFREQUENCY (psi)
RANGE (Hz)

DOMINANT 3.6 4-84

SECOND HARMONIC 1.3 8-16

THIRD HARMONIC 0.6 12-24

!O
|

O
DET-04-028-1 pd "

Revision 0 1-4.57

.- . -



Table 1-4.1-7

DOWNCOMER DIFFERENTIAL PRESSURE LOADS FOR DBA

CONDENSATION OSCILLATION

^
PRESSURE

FREQUENCY FREQUENCY(psi)
RANGE (Hz)

DOMINANT 2.85 4-8

,

SECOND HARMONIC 2.6 8-16

THIRD HARMONIC 1.2 12-24

e

i

l

i

)

| O
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Table 1-4.1-8

DOWNCOMER INTERNAL PRESSURE LOADS

FOR IBA CONDENSATION OSCILLATION
.

APPLIEDPRESSURE
FREQUENCY FREQUENCY(psi)

RANGE (Hz)

DOMINANT 1.1 6-10

SECOND HARMONIC 0.8 12-20

THIRD HARMONIC 0.2 18-30

'

O

,

:

1

1

O
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Table 1-4.1-9

O
DOWNCOMER DIFFERENTIAL PRESSURE LOADS

'

FOR IBA CONDENSATION OSCILLATION

PRESSURE APPLIED
FREQUENCY FREQUENCY(Psi).

RANGE (Hz)

DOMINANT 0.2 6-10

SECOND HARMONIC 0.2 12-20

THIRD HARMONIC 0.2 18-30

9
i

O
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Table 1-4.1-10

CONDENSATION OSCILLATION LOADS

ON THE VENT SYSTEM

COMPONENTS DBA IBA

AMPLITUDE t2.5 psi i2.5 psi

AT FREQUENCY OF AT FREQUENCY OF
FREQUENCY RANGE MAXIMUM RESPONSE MAXIMUM RESPONSE

MAIN VENT IN 4-8 Hz RANGE IN 6-10 Hz RANGE
AND

VENT HEADER
FORCING FUNCTION SINUSOIDAL SINUSOIDAL

DISTRIBUTION

AMPLITUDE i5.5 psi i2.1 psi

AT FREQUENCY OF AT FREQUENCY OF
FREQUENCY RANGE MAXIMUM RESPONSE MAXIMUM RESPONSE

IN 4-8 Hz RANGE IN 6-10 Hz RANGE
DOWNCOMERS

FORCING FUNCTION SINUSOIDAL SINUSOIDAL

N ORM UNEOMDISTRIBUTION

O
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O 1-4.1.7.2 Co teeds en submereed streceeres

The condensation oscillation phase of the postulated

i
LOCA induces bulk pool motion, creating drag loads on

structures submerged in the pool. The basis of the

flow model used to determine condensation oscillation

loads on submerged structures is presented in the

LDR.

Condensation oscillations are described by fluid

sources located at downcomer vent exits. The average

source strengths are determined from wall load'

measurements. By using potential flow theory and the

method of images to account for the ef fects of solid

walls and the free surface, the velocity and

acceleration flow fields within the torus are

established. For each structure, the loads are

computed using both the average source strength

applied at all downcomers and the maximum source

strength applied at the nearest downcomer,

i

| The fluid-structure interaction (PSI) effects are

included when the local fluid acceleration is less
i

| than twice the boundary acceleration. Pool fluid

O DET-04-028-1 1-4.67
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l

accelerations are computed within the torus using h
frequency decomposed radial shell accelerations

obtained from the torus analysis described in

Volume 2. The FSI effects for a given structure are

computed using the pool fluid accelerations at the

actual location of the structure.

Drag forces on submerged structures can be separated

into two components, standard drag, and acceleration

drag. The sum of these two ef fects gives the total

drag load on a submerged structure. The calculations

for condensation oscillation submerged structure

loads use the same procedure as used for calculating

LOCA bubble-induced drag loads on submerced

structures. Acceleration drag volumes for some

structures with sharp corners (e.g., I-beams) are

calculated using equations from Table 1-4.1-1 instead

of volumes derived by circumscribed cylinders, as

noted in Section 1-4.1.5.

The source amplitudes used for condensation oscilla-

tion submerged structure loads are in accordance with

NUREG-0661 and are presented in Table 1-4.1-11. The

source forcing function has the form of a sinusoidal

wave characterized by the appropriate amplitude and
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the total drag force as the summation of the

resulting responses from all 50 harmonics. As |

described in Section 1-4.1.7.1, the summation is
4 ,

performed to achieve a non-exceedance probability i

of 844
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Table 1-4.1-11

AMPLITUDES AT VARIOUS FREQUENCIES

FOR CONDENSATION OSCILLATION SOURCE FUNCTION

FOR LOADS ON SUBMERGED STRUCTURES

FREQUENCY AMPLITUDE FREQUENCY AMPLITUDE
3 (ft /sec2)(ft /sec2) (Hz) 3(Hz)

0-1 28.38 26-27 56.75

1-2 24.46 27-28 12.72

2-3 31.31 28-29 18.59

3-4 46.97 29-30 13.70

4-5 182.00 30-31 7.83

5-6 267.13 31-34 2.94

6-7 96.87 34-35 4.89

7-10 57.73 35-36 7.83

10-11 77.30 36-37 9.79

11-12 44.03 37-38 6.85

912-13 16.63 38-39 5.87

13-14 11.74 39-40 8.81

14-15 6.85 40-41 32.29

15-16 9.79 41-42 32.29

16-19 3.91 42-43 32.29

19-20 26.42 43-44 32.29

20-21 19.57 44-45 32.29

21-22 29.36 45-46 32.29

22-23 33.27 46-47 32.29

23-24 32.29 47-48 32.29

24-25 15.66 48-49 32.29

25-26 24.46 49-50 32.29
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O 1-4 1 8 ca=eei=9 'e a-

:
This subsection describes the chugging loads on the

various structures and components in the Fermi 2
,

suppression chamber.'

Chugging occurs during a postulated LOCA when the

steam flow through the vent system falls below the

rate necessary to maintain steady condensation at the

downcomer exits. The corresponding flow rates for

chugging are less than those of the condensation

oscillation phenomenon. During chugging, steam

bubbles form at the downcomer exits, oscillate as

they grow to a critical size (approximately downcomer

diameter), and begin to collapse independently in ;

time. The resulting load on the torus shell due to a

chug cycle consists of a low frequency oscillation

(pre-chug) which corresponds to the oscillating
'

bubbles at the downcomer exit as they grow, followed
i

by a higher f requency " ring-out" of the torus shell-;

pool water system -(post-chug) in response to the 4

,

collapsing bubbles (Figure 1-4.1-17).
,

-

,

!
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. () 1-4.1.8.1 Chugging Loads on the Torus Shell

During the chugging regime of a postulated LOCA, the
,

chugging loads on the torus shell occur as a series

of chug cycles. The chugging load cycles are divided
,

into pre-chug and post-chug portions. The bases for
,

pre-chug and post-chug rigid wall load definitions

: are presented in the LDR.

For the pre-chug portion of the ' chug cycle, both
;

symmetric and asymmetric loading conditions are used

to conservatively account for any randomness in the

chugging phenomenon. The asymmetric loading is based

on both low and high amplitude chugging data

i conservatively distributed around the torus in order

to maximize the asymmetric loading.

| In order to bound the post-chug portion of the chug

cycle, symmetric loads are used. Asymmetric loads

are not specified since any azimuthal response would

be governed by the asymmetric pre-chug low frequency

load specification.

The chugging onset times and durations for the DBA,

IBA, and SBA are in accordance with the LDR and are
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presented in Table 1-4.1-12. Fermi 2 utilizes

turbine ativen feedwater pumps and the IBA scenario

for this configuration is described in Section 2.2 of

the LDR. For the IBA, the ADS is assumed to be

initiated 300 seconds af ter the break and the reactor

is assumed to be depressurized 200 seconds after ADS

initiation, at which time chugging ends. For the

SBA, the reactor is assumed to be depressurized

600 seconds after ADS initiation, at which time

chugging ends. These chugging durations are

reflected in Table 1-4.1-12.

a. Pre-Chug Load

O
The symmetric pre-chug torus shell pressure

load is specified as *2 psi applied uniformly

along the torus longitudinal axis. The

longitudinal distribution of the asymmetric

pre-chug pressure load which varies from i0.4

to 12.0 psi, is shown in Figure 1-4.1-18. The

pre-chug cross-sectional distribution for both

symmetric and asymmetric cases is the same as

; for condensation oscillation as shown in Figure
i

( l-4.1-19. The pre-chug loads are applied at

the single frequency producing the maximum
i
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O re vo==e ia the re"9e or 6 9 to 9 s here - The

pre-chug load of 0.5 second duration is applied

at 1.4 second intervals for the appropriate

total chugging duration shown in Table

1-4.1-12.

b. Post-Chug Load
.

The amplitude versus frequency variation for

the post-chug torus shell pressure load is

defined in Table 1-4.1-13 and Figure

1-4.1-20 The load is applied uniformly along

the torus longitudinal axis. The
;

cross-sectional variation is the same for the t

condensation oscillation and pre-chug loads as

shown in Figure 1-4.1-19. The steady state
,

responses from the application of the pressure

amplitudes at each frequency given in Figure

1-4.1-20 are summed. The summation is

performed as described in Section 1-4.1.7.1 for

the condensation oscillation load. The post-

chug load of 0.5 second duration is applied at '

l.4 second intervals for the appropriate total

duration defined in Table 1-4.1-12.

!

| I
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Table 1-4.1-12

CIIUGGING ONSET AND DURATION

O
ONSET TIME DURATIONR N SIZE AFTER BREAK AFTER ONSET

DBA 35 SECONDS 30 SECONDS

IBA 305 SECONDS 200 SECONDS

SBA 300 SECONDS 900 SECONDS

O

|
1
l

!
.

i
l

DET-04-028-1
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Table 1-4.1-13

POST-CHUG RIGID WALL PRESSURE AMPLITUDES

ON TORUS SHELL BOTTOM DEAD CENTER

FREQUENCY PRESSURE PRESSURE
(PSI) (PSI)(Hz) (Hz)

0-1 0.04 25-26 0.04

1-2 0.04 26-27 0.28

2-3 0.05 27-28 0.18

3-4 0.05 28-29 0.12

4-5 0.06 29-30 0.09

5-6 0.05 30-31 0.03

6-7 0.1 31-32 0.02

7-8 0.1 32-33 0.02

8-9 0.1 33-34 0.02

9-10 0.1 34-35 0.02

0 1o-11 o os 35-38 o o3

11-12 0.05 36-37 0.05

12-13 0.03 37-38 0.03

13-14 0.03 38-39 0.04

14-15 0.02 39-40 0.04

15-16 0.02 40-41 0.15

16-17 0.01 41-42 0.15

17-18 0.01 42-43 0.15

18-19 0.01 43-44 0.15
19-20 0.04 44-45 0.15

20-21 0.03 45-46 0.15

21-22 0.05 46-47 0.15

22-23 0.05 47-48 0.15
23-24 0.05 48-49 0.15

24-25 0.04 49-50 0.15
,

* HALF-RANGE (= 1/2 PEAK-TO-PEAK AMPLITUDE)

!
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O 1-4 1 8 2 causst=9 oow co er 'etere1 'o de

During the chugging phase of a postulated LOCA, vapor

bubbles which form at the downcomer exit collapse

suddenly and intermittently to produce lateral loads

on the downcomer. The procedure for defining the -

dynamic portion of this loading for a DBA, IBA, and

SBA is presented in this section.

.

The basis for the chugging lateral load definition is

the data obtained from the instrumented downcomers of

the Mark I Full-Scale Test Facility. The load

definition was developed for, and is directly

O ege11ceb1e ee, downcomer geite which ere entied.

Based on FSTF observations, this load definition is

also applicable to tied downcomers.

: The FSTF downcomer lateral loads are defined as

Resultant-Static-Equivalent Loads (RSEL) which when

applied statically to the end of the downcomer,

! reproduce the measured bending response near the

downcomer/ vent header (DC/VH) junction at any given

time.

,
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gThe loads associated with chugging obtained from the

FSTF data are scaled to determine plant-specific

loads for Fermi 2. The maximum downcomer design

load, histograms of load reversals, and the maximum

vent system loading produced by synchronous chugging

of the downcomers are determined from the FSTF loads.

NUREG-0661 states that for multiple downcomer

chugging the force per downcomer should be based on a

probability of exceedance of 10-4 per LOCA. This

requirement relates to the potential for a number of

downcomers experiencing a lateral load in the same

direction at the same time. Correlation between load

hmagnitude and probability level was derived from a

statistical analysis of PSTF data. A probability of

exceedance of 10-4 per LOCA bounds all the load cases

up to about 120 downcomers chugging at the same time

in a given plant. Thus for the cases when fewer

downcomers are chugging (Fermi 2 has only 80 down-

comers), 10-4 is a very conservative probability

level. More realistic probability levels are

calculated for Ferri 2 by correlating the FSTP

chugging duration and number of downcomers to the

Fermi 2 chugging duration and the number of

downcomers. The force per downcomer calculated in

hDET-04-028-1 1-4.82
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|

,

this manner for Fermi 2 results in a probability that

the force will be exceeded once per LOCA as a

function of the number of downcomers chugging. The

resulting exceedance probabilities for various cases

of multiple downcomers chugging are presented in

Table 1-4.1-14.

For fatigue evaluation of the downcomers, the

required stress reversals at the downcomer/ vent

header junction are obtained from the FSTF, RSEL

reversal histograms. The plant unique junction
,

stress reversals are obtained by scaling the FSTP,

RSEL reversals by the ratio of the chugging duration

specified for Fermi 2 to that of the FSTF. Chugging

durations for the DBA, IBA, and SBA are specified in

Table 1-4.1-12.

t

<

,
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Table 1-4.1-14

PROBABILITY OF EXCEEDANCE FOR MULTIPLE

DOWNCOMERS CHUGGING

. NUMBER OF PROBABILITY OF
DOWNCOMERS EXCEEDANCE

5 2.91 x 10-3

l
'

10 1.45 x 10-3

20 7.27 x 10-4

40 3.64 x 10-4

! 80 1.82 x 10-4

|

|
|

!

O
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O
l-4.1.8.3 Chugging Loads on Submerged Structures

Chugging at the downcomer exits induces bulk water

motion and therefore creates drag loads on structures

submerged in the pool. The submerged structure load

definition method for chugging follows that used to

predict drag forces caused by condensation oscilla-

tions (see Section 1-4.1.7. 3) , except that the source

strength for chugging is proportional to the wall

load measurement corresponding to the chugging

regime.

.
The bases and assumptions of the flow model for the

chugging load definition are presented in the LDR.

The source amplitudes for pre-chug and post-chug

regimes are presented in Table 1-4.1-15.

The load development procedure for chugging loads on

submerged structures is the same as presented in

Section 1-4.1.7.3 for condensation oscillation and ist

in accordance with NUREG-0661. The responses from

the 50 harmonics are summed as described in Section

1-4.1.7.1. Acceleration drag volumes for structures

with sharp corners (e.g., I-beams) are calculated

DET-04-028-1 1-4.85
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using equations from Table 1-4.1-1. Fluid-structure

interaction effects are included as described in

Section 1-4.1.7.3.

O

;

I

I

.|

O
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Table 1-4.1-15

AMPLITUDES AT VARIOUS FREQUENCIES FOR

CIIUGGING SOURCE FUNCTION

FOR LOADS ON SUBMERGED STRUCTURES

FREQUENCY AMPLITUD5:
CHUGGING (liz) (ft3/sec2)

PRE 6.9 - 9.5 195.70

0-2 11.98

2-3 10.36

3-4 9.87

4-5 17.40

5-6 17.00

6-10 18.88

O 10-11 87.90

11-12 76.18

12-13 41.01
POST

13-14 35.89

14-15 6.82

15-16 6.20

16-17 3.14

17-18 4.18

18-19 2.94

19-20 16.82

20-21 17.53

21-22 30.67

(G)i
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Table 1-4.1-15

AMPLITUDES AT VARIOUS FREQUENCIES FOR
_

CHUGGING SOURCE FUNCTION

FOR LOADS ON SUBMERGED STRUCTURES

(Concluded)

OCHUGGING 3(ft /sec2}(Hz)

22-24 92.39

24-25 134.50

25-26 313.84

26-27 377.83

27-28 251.89

28-29 163.32

g29-30 116.66

30-31 43.14

31-32 21.57
POST

32-33 37.91

33-34 50.54

34-35 42.54

35-36 61.87

36-37 41.95

37-38 20.97

38-39 24.47

39-40 29.37

40-50 224.90

0
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1 (
( l-4.2 Safety Relief Valve Discharge Loads

This section discuases the procedures used to

determine loads created when one or more SRV's is

actuated.

When an SRV actuates, pressure and thrust loads are

; exerted on the SRVDL piping and the T-quencher

discharge device. In addition, the expulsion of

water followed by air into the suppression pool

through the T-quencher results in pressure loads on

the submerged portion of the torus shell and drag

loads on submerged structures.

O
i The T quencher utilized in the Fermi 2 ple it is a

plant unique version of the Mark I T-quencher

described in the LDR. The Fermi 2 T-quencher has 20"

diameter arms which are mitered at the connection to

the ramshead portion. This is accomplished to

provide symmetrical torus shell loads upon SRV

actuation, since the T-quenchers are installed on the

. torus ring girders at the miter joints. Figure

1-4.2-1 illustrates this mitering concept and

connection to the SRVDL.

'
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To minimize torus shell pressure loads and to ensure

adequate steam condensation performance, the Fermi 2

T quencher utilizes the same hole diameter and

minimum spacing as the Mark I T-quencher. The hole

pattern distribution along the arms was modified to

accommodate Fermi 2 unique supports without sacrifice

to the extended water clearing duration concept of

the quencher. The details of the hole distribution

along the arm are illustrated in Figures 1-4.2-2 and

1-4.2-3.

Analytical predictions of torus shell pressures for

Fermi 2 T-quencher discharges indicate improved

Operformance over the standard Mark I T quencher. The

torus shell loads are predicted utilizing the Fermi 2

T quencher geometry and the hydrodynamic modeling

techniques and analytical models used in the

development of the Mark I T quencher as contained in

the Mark I LDR.

As allowed in Section 2.13.9 of Appendix A of

NUREG-0661, plant unique SRV testing at Fermi 2 will

be performed to confirm that the computed loadings

and predicted structural responses for SRV discharges

are conservative.
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h1-4.2.1 SRV Actuation Cases

This section provides a discussion on the selection

of SRV discharge cases which are considered for

design load evaluations. The load cases summarized

in Table 1-4.2-1 are described as follows:

Load Case Al.1 (Normal Operating Condition (NOC),

First Actuation)

A first actuation of an SRV may occur under

normal operating conditions. That is the SRVDL

is cold, there is air in the drywell, and the

water in the SRV is at its normal operating

level.

Load Case A1.2 (SBA/IBA, First Actuation)

First actuation of SRV(s) is assumed to occur
at the predicted time of ADS actuation. At

this time the SRVDL is full of air at the

pressure corresponding to the drywell pressure

minus the vacuum breaker set point. The water

level inside the line is depressed below the

normal operating level because the drywell

DET-04-028-1 1-4.94
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O eressere 1e hie 8er then the weewe11 aressere hv

a pressure dif ferential equal to the downcomer

submergence.

Load Case A1.3 (DBA, First Actuation)

The same assumptions are used as for Case A1.1,

except for SRV flowrate. This load case is

bounded by case A1.1.

.

Load Case B (First Actuation, Leaking SRV)

i SRV first actuation may occur under NOC for

leaking SRV's. For T-quenchers, Load Case Al.1

bounds the leaking SRV load.

Load Case C3.1 (NOC, Subsequent Actuation, Normal
.

Water Leg)

After the SRV is closed, following a first

.
actuation (Case Al.1), the steam in the line is

|

condensed causing a rapid pressure drop which

! draws water back into the line. At the same
|

|
time, the vacuum breaker allows air from the

i

| drywell to enter the discharge line. The air
1

( > DET-04-028-1 1-4.95
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hrepressurizes the line and the water refloods

to a point which is higher than its equilibrium

height, and oscillates back to its equilibrium

point. A subsequent actuation is assumed to

occur after the water level oscillations have

kegdamped out and the water returns to the

normal level.

Load Case C3.2 (SBA/IBA, Subsequent Actuation)

Following SRV closure after the SBA/IBA first

actuation (Case A1.2), the water will reflood

back into the line while air from the drywell

flows through the vacuum breaker into the

SRVDL. The SRV is assumed to actuate after the

water level oscillations damped out and the

level stabilized at a point determined by the

drywell-to-wetwell AP minus the vacuum breaker

set point.

Load Case C3.3 (SBA/IBA, Subsequent Actuation, Steam

in SRVDL)

This case differs from the previous case in

that during the reflood transient, steam,

!
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O in tead of air, f1ow- taro =9a ehe vacuum

breaker. Thus, the line contains very little

air and the loading imposed on the torus shell

from this subsequent SRV actuation is bounded

by Case C3.2.

The SRVDL water leg is assumed at its equilibrium

height for all subsequent actuation SRV cases. The

time af ter first valve actuation closure at which the

equilibrium height is re-established is calculated

using the LDR SRV discharge line reflood model.

Fermi 2 primary system transient analyses are used to

confirm that more than the minimum required time is

available for the SRVDL water leg to return to the

equilibrium position. For the steam-in- th e-drywell

conditions, a steam-water convective heat transfer

5 2coefficient of 2 x 10 BTU /hr-ft _.R is used. This

conservative coefficient is based on the results of a

literature survey on chugging and the downcomer water

column rise characteristics .during chugging in the

Mark I Full-Scale Test Facility.

The number of SRV's predicted to actuate for each of

the above conditions is maximized in performing the

Fermi 2 structural evaluations documented in the

DET-04-028-1 1-4.97
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remaining PUAR volumes. Section 1-4. 3 indicates the

other hydrodynamic loads which must be combined with

SRV loads.

i

O

.

<
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em Table 1-4.2-1

SRV LOAD CASE / INITIAL CONDITIONS

DESIGN INITIAL CONDITION, ANY ONE ADS MULTIPLE
LOAD CASE VALVE VALVES VALVES (l)

,

NOC, FIRST ACTUATION A1.1 A3.2

SBA/IBA, FIRST ACTUATION A1.2 A2.2 A3.2

DBA, FIRST ACTUATION I2) Al.3

NOC, LEAKING SRV(3) B3.l(4)

NOC, SUBSEQUENT ACTUATION C3.1

SBA/IBA, SUBSEQUENT
C3.2ACTUATION, AIR IN SRVDL

SBA/IBA, SUBSEQUENT
ACTUATION, STEAM IN SRVDL C3.3

(1) THE NUMBER (ONE OR MORE) AND LOCATION OF VALVES ASSUMED
TO ACTUATE ARE DETERMINED BY PLANT UNIQUE ANALYSIS.

(2) THIS ACTUATION IS ASSUMED TO OCCUR COINCIDENT WITH THE POOL
SWELL EVENT. ALTHOUGH SRV ACTUATION CAN OCCUR LATER IN THE
DBA, THE RESULTING AIR LOADING ON THE TORUS SHELL IS NEGLI-
GIBLE SINCE THE AIR AND WATER INITIALLY IN THE LINE WILL BE
CLEARED AS THE DRYWELL TO WETWELL AP INCREASES DURING THE
DBA TRANSIENT.

(3) THIS IS APPLICABLE TO RAMSHEAD DISCHARGE ONLY.

(4) ONLY ONE VALVE OF THE MULTIPLE GROUP IS ASSUMED TO LEAK.

LEGEND:

ADS - AUTOMATIC DEPRESSURIZATION SYSTEM

NOC - NORMAL OPERATING CONDITIONS

SBA - SMALL BREAK ACCIDENT

IBA - INTERMEDIATE BREAK ACCIDENT

DBA - DESIGN BASIS ACCIDENT
'

(~T
\-)
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O
l-4.2.2 SRV Discharge Line Clearing Loads

The flow of high pressure steam into the discharge

line when an SRV opens results in the development of

a pressure wave at the entrance to the line. During

the early portion of this transient, a substantial

pressure differential exists across the pressure

wave. This pressure differential, plus momentum

effects from steam (or water in initially submerged

pipe runs) flowing around elbows in the line, results

in transient thrust loads on the SRV discharge pipe

segments. These loads are considered in the design

hof SRV pipe restraints, the SRV penetrations in the

vent lines and the T quencher support system.

The bases, assumptions, and descriptions of the SRV

discharge line clearing analytical model are

presented in the LDR. The parameters affecting SRVDL

clearing load development are the SRVDL geometry,
9
plant specific initial conditions for the SRV

actuation cases, and the SRV mass flow rate. Plant

| specific initial conditions for various actuation

cases are presented in Table 1-4.2-2. Common SRVDL

analysis input parameters (but case-independent) are

presented in Table 1-4.2-3. All input calculation

9
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|

|

O erocedures for the SavoL o1eerine modet are

consistent with the LDR.

The line clearing model is used to obtain transient

values for the following parameters or loads for each

SRV actuation case for each SRVDL:

SRVDL Pressures and Temperatures-

Thrust Loads on SRVDL Pipe Segments-

- T-quencher Internal Discharge Pressure and

Temperature

Water Slug Mass Flow Rate-
,

i

Water Clearing Time, Velocity and Acceleration-

O
.

The values obtained for T-quencher discharge pressure

and water clearing time are used as input to evaluate

1 the torus shell loads (Section 1-4.2. 3) and SRV air

bubble drag loads (Section 1-4.2.4) on submerged

structures. The water slug mass flowrate and
,

!acceleration are used as input to calculations of SRV

water jet loads on submerged structures (see Section -

| l-4.2.4).

| >

,

The water clearing thrust load along the axis of the

T quencher, perpendicular to the T-quencher arms (due
|

n
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to a skewed air / water interface), and at the

T quencher arm /ramshead miter are calculated as

SPecified in the LDR.

The SRV water and air clearing thrust and all other

SRV water clearing loads calculation procedures, load

definitions, and applications are in accordance with

the LDR and Appendix A of NUREG-0661.

9
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Table 1-4.2-2

k-) PLANT UNIQUE INITIAL
CONDITIONS FOR ACTUATION CASES

USED FOR SRVDL CLEARING TRANSIENT LOAD DEVELOPMENT

^PARAMETER
A1.1 A1.2 C3.1 C3.2

PRESSURE IN THE WETWELL (psia) 14.2 34.5 14.2 34.5

PRESSURE IN THE DRYWELL (psia) 14.2 35.9 14.2 35.9

6P VACUUM BREAKER (psig) 0.2 0.2 0.2 0.2

INITIAL PIPE WALL TEMPERATURE 115 340 350 350IN THE WETWELL AIRSPACE (OF)

INITIAL PIPE WALL TEMPERATURE
95 112 95 112IN THE SUPPRESSION POOL (OF)

/~N PRESSURE IN THE POOL (psia) 14.0 35.7 14.0 35.7U
INITIAL AIR PRESSURE IN

14.0 35.7 14.0 35.7SRVDL (psia)

INITIAL AIR DENSITY IN
0.0657 0.1205 0.0467 0.1SRVDL (lbm/ft )

INITIAL WATER VOLUME IN SRVDL
36.474 34,196 36.474 34.196AND T-QUENCHER (ft )

-~s

k-)
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Table 1-4.2-3

SRVDL ANALYSIS PARAMETERS

PARAMETER VALUE

DESIGN SRV FLOW RATE (lbm/sec) 298.89

STEAM LINE PRESSURE (psia) 1194.0

3STEAM DENSITY IN THE STEAM LINE (lbm/ft ) 2.743

RATIO OF AREAS OF DISCHARGE DEVICE EXIT
TO TOTAL T-QUENCHER ARM 0.3481

O

|
.

i

O
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O
l-4.2.3 SRV Loads on the Torus Shell

i +

Following SRV actuation, the air mass in the SRVDL is ;
'

i

expelled into the suppression pool, forming many

i small air bubbles. These bubbles then coalesce into i
'

!

four larger bubbles which expand and contract as they :
!'

rise and break through the pool surface. The

positive and negative dynamic pressures developed f
within these bubbles result in an oscillatory,

'

attenuated pressure loading on the torus shell. ,

!'

; The analytical model which is used to predict air

|O bubb1e and eeres she11 boundary pressures rese1eine

| from SRV discharge is similar to that described in
'

Reference 13. The analytical model in Reference 13
i

' was modified slightly to more closely bound the ;

magnitudes and time characteristics of pressures
|

! observed in the Monticello test. Figure 1-4.2-4 i

shows a comparison of the shell pressure time-history ,
.

measured during the Monticello test to the shell
,

pressure time-history computed using the revised |

analytical model. The comparison is shown for shell

pressures at the bottom of the torus beneath the !

quencher, where the highest shell pressures were ;

'
!
2

i
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observed. As can be seen from Figure 1-4.2-4, the

predicted shell pressures envelop those observed in

the Monticello test.

The pressure time-history generated using the

analytical model discussed above is used to perform a

forced vibration analysis of the suppression chamber.

The phenomena associated with SRV discharge into the

suppression pool are characteristic of an initial

value or free vibration condition rather than a

forced vibration condition. Correction factors are

applied to convert the forced vibration response to a

free vibration response.

O
The correction factors are developed using simple one

degree-of-freedom analogs. The factors vary with the

ratio of load frequency to structural frequency and

are applied to the response (displacement, velocity,
and acceleration) associated with each structural

mode. Figure 1-4.2-5 shows the modal correction

factors which are used in the suppression chamber

evaluation.

The pressure magnitudes produced by the analytical

model discussed previously were calibrated to envelop

DET-04-028-1 1-4.106
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i
!

|
|

O the maximum local shell pressures observed in the

Monticello test. This results in an overly

conservative prediction of net vertical loads, as i

discussed in Section 3.10.2.9 of NUREG-0661. Net

vertical load correction factors were developed by

comparing net vertical pressure loads measured in the ,

Monticello test with those predicted at test

conditions. The factors were determined to be 0.70

for upward loads and 0.78 for downward loads. An
,

enveloping correction factor of 0.8 is used in the
;

analysis for both upward and downward loads. This

correction factor is applied only to forces acting on ;
!
'

the torus supports.

O |

Table 1-4.2-4 shows a comparison of shell membrane
i
'

stresses and column forces observed in the Monticello

test with those values predicted using the analytical

methods and correction factors described above. As

can be seen from the table, predicted forces and

stresses conservatively bound the measured values at

all locations. A series of in plant tests will be

performed at Fermi 2 after fuel load to provide

additional confirmation that the computed loadings

and predicted structural response due to SRV

discharge are conservative.

!
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Table 1-4.2-4

COMPARISON OF ANALYSIS AND MONTICELLO TEST RESULTS

I

ANA SISQUANTITY LOCATION ANALYSIS TEST

MIDBAY
900 FROM BDC 2.8 0.6 4.7
REACTOR SIDE

MIDBAY
52.5 FROM BDC 2.3 1.1 2.1

REACTOR SIDE

MIDBAY
SUPPRESSION 12.40 FROM BDC 2.2 1.7 1.3

CHAMBER REACTOR SIDE
SHELL

MEMBRANE MIDBAY
STRESSES 12,40 FROM BDC 2.1 1.4 1.5

OPPOSITE REACTOR

MIDBAY
52.5 FROM BDC 2.5 1.1 2.3

OPPOSITE REACTOR

1/4 BAY
12.40 FROM BDC 2.2 1.4 1.6

OPPOSITE REACTOR

INSIDE
123.9 49.0 2.5TORUS COLUMN

COLUMN
UPLIFT
LOADS OUTSIDE

157.8 52.5 3.0COLUMN

INSIDE
152.9 64.5 2.4TORUS COLUMN

COLUMN
DOWN

LOADS OUTSIDE
178.2 78.5 2.3COLUMN

i

9
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|p,
(,) 1-4.2.4 SRV Loads on Submerged Structures

This section addresses the load definition procedures

for determining SRV loads on submerged structures due

to T quencher water jets and bubbles.

When an SRV is actuated, water initially contained in

the submerged portion of the SRVDL is forced out of

the T quencher through holes in the arms forming

orifice jets. Some distance downstream, the orifice

jets merge to form column jets. Further downstream,

the column jets merge to form the quencher arm

jets. As soon as the water flow through the arm hole
,.m() ceases, the quencher arm jet velocity decreases

rapidly and the jet penetrates a limited distance

into the pool. The T-quencher water jets create drag

loads on nearby submerged structures which are within

the jet path.

Oscillating bubbles resulting from a SRV actuation

| create an unsteady three-dimensional flow field and

therefore induce acceleration and standard drag

forces on the submerged structures in the suppression

pool.
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a. T-quencher Water Jet Loads

The T quencher water jet model conservatively

models the T-quencher water jet test data. The

bases, justification, and assumptions for the

Mark I T-quencher model are presented in

Reference 1. The Fermi 2 T-quencher is similar

to the Mark I T-quencher in that both have the

same hole diameter, approximately the same arm |

|
'

lengths, and number of holes. Due to some

geometric differences, a Fermi 2 T quencher

water jet model was developed. The techniques

utilized in the Fermi 2 model development are

Othe same as those used for the Mark I;

T-quencher model, except the Fermi 2 T-quencher

geometric characteristics are used (Figure

1-4.2-6).

The SRV T quencher water jet analytical model

calculation procedure and application are in

accordance with Mark I LDR techniques.

OET-04-028-1 1-4.112
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O b- sav subb1e-1aaucea nres to ae

The SRV bubble drag load development

methodology, load definition, and application

for the Fermi 2 plant unique analysis are

performed utilizing the Fermi 2 T quencher

geometry (Figure 1-4.2-1) which is somewhat

different from the Mark I T quencher

geometry. The techniques utilized in

developing the Fermi 2 loads are the same as

those used for the Mark I T-quencher, except

the Fermi 2 T quencher geometric character-

istics are used. Dynamic load factors are
p'
v derived from Monticello in plant SRV test

data.

A bubble pressure bounding factor based on

Monticello test data is utilized for Fermi 2

SRV load development in place of the LDR value

of 2.5. A value of 1.75 produces results which

bound the peak positive bubble pressure and

maximum bubble pressure differential from the

Monticello T quencher test data (9.9 psid and

18.1 psid, respectively).

V) DET-04-028-1 1-4.113
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hPor submerged structures with sharp corners
|

such as T-beams, I-beams, etc., the |

acceleration drag volumes are calculated using

the methodology in Section 1-4.1.5.

l

The model described in Section 1-4. 2. 3 is used

to determine drag loads on downcomers due to 1

SRV bubble oscillation.

O
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O
|

1-4.3 Event Sequence

|

Not all of the suppression pool hydrodynamic loads

discussed in this evaluation can occur at the same

time. In addition, the load magnitudes and timing

vary, depending on the accident scenario being

considered. Therefore, it is necessary to construct

a series of event combinations to describe the

circumstances under which individual loads might

combine.

The event combinations used in the plant unique

analysis are shown in Tables 1-3.2-1 and 1-3.2-2.

The combinations of load cases were determined from

typical plant primary system and containment response

analyses, with considerations for automatic actua-

tion, manual actuation, and single active failures of

the various systems in each event. This section

describes the event sequences for the following

postulated LOCA's.

- Design Basis Accident

Intermediate Break Accident-

Small Break Accident-

O
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!

i

i
|

O rah 1e 1-4.2-1 ideneifies the SRv and roca 1oads which ,!

"

potential 1y affect structura1 components and
!

identifies the appropriate section of this report |

t

defining the loads. For SRV piping and other j

structures within the wetwell, the locations of the

structura1 components are considered to determine if !'

any of the identified conditions affect the'

,

|
structures. ;

t

!

.

.

|
t

O
;

>

9

b

!'

| |
| 1

r

'

i

| '

|

;
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Table 1-4.3-1

SRV AND LOCA STRUCTURAL LOADS

OTHER WE*IVELL
STRUCTURES INTERIOR

STRUCTURES
-

3

$.3 m o 3

LOADS $ 3 h E@d
*

g
g, y d g 2 =a g<n g=

m Z u 6 u mph Om m
it EE E t 5 2 st! wy I 5
E y I s 8 85 8<I

[5a 3
*

< -

8

1-4.1.1 CONTAINMENT PRESSURE AND TEMPERATURE X X X X X X X X X
| RESPONSE

1-4.1.2 VENT SYSTEM DISCHARGE LOADS X X X

1-4.1.3 POOL SWEIL LOADS ON THE TOAUS SHELL X X

1-4.1.4 POOL SWELL LOADS ON ELEVATED STRUCTURES

1-4.1.4.1 IMPACT AND DRAG LOADS ON THE VENT X X XSYSTEM

1-4.1.4.2 IMPACT AND DRAG LOADS ON OTHER
X X Xl STRUCTURES

t

1-4.1.4.3 POOL SWELL FROTH IMPINGEMEh? IDADS X X

1-4.1.4.4 POOL FALLBACK LOADS X X X

1-4.1.5 LOCA WATERJET LOADS ON SUBMERGED
STRUCTURES X X

1-4.1.6 IDCA BUBBLE-INDffCED LOADS ON SUBMERCED
STRUCTURES X X

1-4.1.7 CONDENSATION OSCILLATION LOADS

1-4.1.7.1 CO LOADS ON THE TORUS SHFLL X X
1-4.1.7.2 CO LOADS ON THE DOWNCOMERS *X X XAND VEh? SYSTEM

1-4.1.7.3 CO LOADS ON SUSMERGED
STRUCTURES X X X

1-4.1.8 CHUGGING IDADS
1-4.1.8.1 CHUGGING LOADS ON THE TORUS

SHELL X X

1-4.1.8.2 CHUGGING DOWNCOMER LATERAL
X XLOADS

1-4.1.8.3 CHUGGING LOADS ON SUMMERGED X X XSTRUCTURES

1-4.2 SAFETY PELIEF VALVE DISCHARJM LOADS

1-4.2.2 SRV DISCHARGE LINE CLEARING LOADS X

1-4.2.3 SRV LOAD.3 ON THE TORU9 SHELL X X

1-4.2.4 SRV LOADS ON SUBMERGED STRUCTURES X X X X

G
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I

I
|

|

O 1-4 3 1 oe iea Ba t ^ccideae

The DBA for the Mark I containment design is the

instantaneous guillotine rupture of the largest pipe

in the primary system (the recirculation line). The

load combinations for the DBA are presented in

Figures 1-4. 3-1 through 1-4. 3- 3. The nomenclature i

for these figures is presented in Table 1-4.3-2. The

bar charts for the DBA show the loading condition

combination for postulated breaks large enough to
i

produce significant pool swell. The length of the

bars in the figures indicates the time periods during :

which the loading conditions may occur. Loads are

considered to act simultaneously on a structure at a

specific time if the loading condition bars overlap

at that time. For SRV discharge, the loads may occur

at any time during the indicated time period. The

assumption of combining a SRV discharge with the DBA

is beyond the design basis of the Fermi 2 plant.

Therefore, the DBA and SRV load combination is
9

evaluated only to demonstrate containment structural

capability. Table 1-4. 3-3 shows the SRV discharge

loading conditions.
i

|
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Table 1-4.3-2

EVENT TIMING NOMENCLATURE

O
TIME DESCRIPTION

t
l THE ONSET OF CONDENSATION OSCILLATION

t
2 THE BEGINNING OF CHUGGING

t THE END OF CHUGGING3

t
4 TIME OF COMPLETE REACTOR DEPRESSURIZATION

ADS ACTUATION ON HIGH DRYWELL PRESSURE AND LOW
t REACTOR WATER LEVEL. THE ADS WAS ASSUMED TO BEAb

ACTUATED BY THE OPERATOR FOR THE SBA.

O
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Table 1-4.3-3

SRV DISCHARGE LOAD CASES

FOR MARK I STRUCTURAL ANALYSIS

ANY ONE ADS MULTIPLE
INITIAL CONDITIONS VALVE VALVES VALVES (1)

FIRST ACTUATION Al A2 A3

FIRST ACTUATION, LEAKING SRV(2) B3

SUBSEQUENT ACTUATION C3

NOTES:

(1) THE NUMBER (ONE OR MORE) AND LOCATION OF SRV's
ASSUMED TO ACTUATE ARE DEluRMINED BY PLANT
UNIQUE ANALYSES.

(2) THE LOADS FOR T-QUENCHER DISCHARGE DEVICES ARE
NOT AFFECTED BY LEAKING SRV's. NO SRV's ARE
CONSIDERED TO LEAK PRIOR TO A LOCA.

(}
,

(
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O
LOCA PRESSURE AND TEMPERATURE TRANSIENTS

SECTION 1-4.1-1

VENT SYSTEM AIR, STEAM AND LIQUID
FLOW AND PRESSURE TRANSIENTS

SECTION 1-4.1-2

5 -,
H SINGLE SRV ACTUATIONIII
U (SRV EVENT CASE Al)
@ ____ _ _ __ __ ___.___ __ _ _-4.2-3 _ _ _ _._ _ aSECTION 1
0 _ _ _ _ _ _

U

O
$ POOL SWELL
o SECTIONS
o 1-4.1-3,
4 1-4.1-4

CONDENSATION
OSCILLATION g

SECTION 1-4.1-7 W

CHUGGING
SECTION
1-4.1-8

i i i i i

t =65~0.1 'l.5 t =5 t =35 321

TIME AFTER LOCA (sec)
NOTE:

(1) THIS ACTUATION IS ASSUMED TO OCCUR COINCIDENT WITH THE
POOL SWELL EVENT. ALTHOUGH SRV ACTUATION CAN OCCUR LATER
IN THE DBA, THE RESULTING AIR LOADING ON THE TORUS SHELL
IS NEGLIGIBLE SINCE THE AIR AND WATER INITIALLY IN THE
LINE WILL BE CLEARED AS THE DRYWELL TO WETWELL AP INCREASES
DURING THE DBA TRANSIENT.

Figure 1-4.3-1

LOADING CONDITION COMBINATIONS FOR THE VENT HEADER,
MAIN VENTS, DOWNCOMERS AND TORUS SHELL DURING A DBA

DET-04-028-1 n
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,

,

LOCA PRESSURE AND TEMPERATURE TRANSIENTS
SECTION 1-4.1-1

-

SINGLE SRV ACTUATION (1)
'

(SRV EVENT CASE Al) $
SECTIONS 1-4.2-4

b CONDENSATION
$ OSCILLATION
y

-

SECTION 1-4.1-7
2

O CHUGGING
SECTIONg

Z 1-4.1-8 *

k POOL SWELL
3 FALLBACK

SECTION 1-4.1-4

LOCA AIR
BUBBLE

SECTION 1-4.1-6

LOCA WATER
JET FORMATION

SECTION 1-4.1-5

i i i i i .

~ 0.1 ~ 0. 7 ~1.5 t =5 t =35 t =652 31
!TIME AFTER LOCA (sec)

NOTE: !

(1) THIS ACTUATION IS ASSUMED TO OCCUR COINCIDENT WITH THE
POOL SWELL EVENT. ALTHOUGH SRV ACTUATION CAN OCCUR LATER
IN THE DBA, THE RESULTING AIR LOADING ON THE TORUS SHELL
IS NEGLIGIBLE SINCE-THE AIR AND WATER INITIALLY IN THE !

LINE WILL BE CLEARED AS THE DRYWELL TO WETWELL AP INCREASES
DURING THE DBA TRANSIENT. !

Figure 1-4.3-2
s

LOADING CONDITION COMBINATIONS FOR SUBMERGED
*

,

s

'

STRUCTURES DURING A DBA
~~, ,

'
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L

,b

1.

-

,

LOCA PRESSURE AND TEMPERATURE TRANSIENTS
SECTION 1-4.1-1

z
O FROTH IMPINGEMENT
[ SECTION 1-4.1-4
e
8

O POOL SWELL (1)
$ FALLBACK
g SECTION 1-4.1-4
a

POOL SWELL IMPACT (1)
AND DRAG

SECTION 1-4.1-4

. . i

~ 0.1 ' 0. 7 '1.5

TIME AFTER LOCA (sec)

NOTE:

(1) STRUCTURES BELOW MAXIMUM POOL SWELL HEIGHT

Figure 1-4.3-3

lLOADING CONDITION COMBINATIONS FOR SMALL '

y STRUCTURES ABOVE SUPPRESSION POOL DURING A DBA

O
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0 1-4 3 2 Intermediete areek ^ccide e1

The bar chart in Figure 1-4. 3-4 shows conditions for

a break size large enough such that the HPCI system

cannot prevent ADS actuation on low-water level, but

for break sizes smaller than that which would produce

significant pool swell loads. A break size of

20.1 ft is assumed for an IBA. Table 1-4.3-3 shows

SRV discharge loading conditions. The IBA break is
'

too small to cause significant pool swell.

O

,
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LOCA PRESSURE AND TEMPERATURE TRANSIENTS |||SECTION 1-4.1-1

SINGLE SRV ACTUATION (1)
(SRV EVENT CASE Al)

SECTIONS 1-4.2-3, 1-4.2-4
__a

8
$ SRV ACTUATION ON
$ SETPOINT (SRV EVENT
Z CASE A3, C3) ADS ACTUATION
8 (SRV EVENT CASE A2)

E
E
$ CONDENSATION
4 OSCILLATION

SECTION 1-4.1-7

hCHUGGING
SECTION 1-4.1-8

i i i i i

t =5 TADS =300 t =305 t =505 t1 2 3 4

TIME AFTER LOCA (sec)

NOTE:

(1) LOADING NOT COMBINED WITH OTHER SRV CASES.

Figure 1-4.3-4

LOADING CONDITION COMBINATIONS FOR THE
VENT HEADER, MAIN VENTS, DOWNCOMERS, TORUS SHELL

AND SUBMERGED STRUCTURES DURING AN IBA
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C) 1-4.3.3 Small Break Accident

The bar chart (Figure 1-4. 3-5 ) for the SBA shows

2conditions for a break size equal to 0.01 ft . For a

'
SBA, the HPCI system would be able to maintain the

water level and the reactor would be depressurized by

means of operator initiation of the ADS. Table

1-4.3-3 identifies the SRV discharge l$ading condi-

tions. The SBA break is too small to cause signif-

icant pool swell and condensation oscillation does

not occur during an SBA. The AD3 is assumed to be

initiated by the operator 10 minutes after the SBA

begins. With the concurrence of the NRC (Reference
Gb) 14), the procedures which the operator will use to

perform this action are being developed as part of

the Emergency Procedures Guidelines.

O'
,
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LOCA PRESSURE AND TEMPERATURE TRANSIENTS gSECTION 1-4.1-1

SINGLE SRV ACTUATION (1)
(SRV EVENT CASE Al)

SECTIONS 1-4. 2-3, 1-4 . 2-4 ____g

$
y OPERATOR INITIATION OF ADS
g (SRV EVENT CASE A2)

$
U

$
$ SRV ACTUATION ON SET POINT
@ (SRV EVENT CASE A3, C3)
.2

CHUGGING
SECTION 1-4.1-8

9

'

t =300 TADS =600 t =1200 t2 3 4

TIME AFTER LOCA (sec)

NOTE:

(1) LOADING NOT COMBINED WITH OTHER SRV CASES

Figure 1-4.3-5

LOADING CONDITION COMBINATIONS FOR VENT HEADER,
MAIN VENTS, DOWNCOMERS', TORUS SHELL AND

SUBMERGED STRUCTURES DURING AN SBA

O
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This section describes the Fermi 2 suppression pool
- 1

-

!

temperature response to SRV transients and the design ;

i

of the Suppression Pool Temperature Monitoring System j

.

| (SPTMS).
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O
l-5.1 Suppression Pool Temperature Response to SRV

Transients

The Enrico Fermi Atomic Power Plant Unit 2 takes

advantage of the large thermal capacitance of the

suppression pool during plant transients requiring

safety relief valve actuation. Steam is discharged

through the SRV's into the suppression pool where it

is condensed, resulting in an increase in the temper-

ature of the suppression pool water. Although stable

steam condensation is expected at all pool temper-

atures, Reference 15 imposes a local temperature

limit shown in Figure 1-5.1-1 in the vicinity of the h
Fermi 2 T quencher discharge devices.

To demonstrate that the local pool temperature limit

shown in Figure 1-5.1-1 is satisfied, seven limiting

transients involving SRV discharges are analyzed. A

summary of the transients analyzed and the corre-

sponding pool temperature results are presented in

Table 1-5.1-1. Three of the transients conserva-

tively assume the failure of one Residual Heat

Removal (RHR) loop in addition to the single

equipment malfunction or operator error which
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f initiated the event. This conservative assumption
d

exceeds the current licensing basis for anticipated

operational transients.

Each of the SRV discharge transients are analyzed

assuming an initial pool temperature of 95'F, which

is the Technical Specification pool temperature limit

for normal power operation. Other initial conditions

and assumptions included in these analyses are listed

in the Notes to Table 1-5.1-1.

The analysis of Case 2C, normal depressurization at

isolated hot shutdown, shows a maximum local pool

(; temperature of 184*F. This demonstrates that with no

system failures and in the event of a non-mechanistic

scram, depressurizing the reactor pressure vessel

(RPV) with SRV's at 100*F/hr results in local pool

temperatures that are well below the condensation-

stability limit of Figure 1-5.1-1.

1

Case 3A, a small-break accident with one RHR loop
|

1

available, results in a maximum local pool

temperature of 202*F, which is below the condensation

stability limit of 204.8'F. High local temperatures

are predicted in this case because of reduced mixing

|
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whe,n the available RHR pool cooling system is

switched to the shutdown cooling mode.

The maximum local pool temperature of all other cases

also remains below the condensation stability limit

throughout th e transient. In general, local-to-bulk

temperature differences at the time of maximum

temperatures are about 15*F for cases where two RHR

loops are assumed available and about 30*F for cases

where one RHR loop is assumed available. Thus, bulk
.

pool circulation induced by the RHR loops leads to

good thermal mixing, which effectively lowers the

local pool temperatures in the vicinity of quencher

hdevices.
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Table 1-5.1-1

$E SUMMARY OF FERMI 2 POOL TEMPERATURE RESPONSE TO SRV TRANSIENTS
h. 7
E 7.
05 " ^ "NUMBER OFCASE OWN B M POOL LOCAL POOLom EVENT SRV's MANUALLY

e NUMBER RATE TEMPERATURE TEMPERATUREe OPENED goF/hr) (OF) (OF)

SORV AT POWER (2)
lA

1 RHR. LOOP

SORV AT POWER, SPURIOUS
1B 1 938 172 196ISOLATION, 2 RHR LOOPS

RAPID'DEPRESSURIZATION AT
7 2A ISOLATED IIOT SHUTDOWN, 5 1000 165 200
* 1 RHR LOOP
,

m
SORV AT ISOLATED HOT2B 1 968 162 186SHUTDOWN, 2 RHR LOOPS

NORMAL DEPRESSURIZATION
2C AT ISOLATED HOT SHUTDOWN, 5 100 168 184

2 RHR LOOPS

^~^ '3A 5 (ADS) 2541 171 2021 RHR LOOP

SBA-FAILURE OF SHUTDOWN
5 100 169 185COOLING MODE, 2 RHR LOOPS

.

NOTES:

g (1) SORV - STUCK OPEN SAFETY RELIEF VALVE
(2) WHEN THE MAIN CONDENSER IS AVAILABLE

l
1
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om
g, p NOTES TO TABLE l-5.1-1
mO
Hb
O I
3o

to

7 (1) neactor operation at 102% of rated thermal power (3435 MWt).
F.

(2) Minimum Technical Specification suppression pool water volume (117,450 ft3).

(3) The suppression pool has no initial velocity.

(4) Wetwell and drywell airspaces are at nominal operating conditions.

(5) Normal auxiliary power is available.

(6) In the event of a loss of off-site power in conjunction with the loss of any one emergency
bus, it is assumed that the available RHR loop can be switched from the pool cooling mode to
the reactor shutdown cooling mode.

y' (7) Normal automatic operation of the plant auxiliary system (high pressure coolant injection
vi (HPCI), ADS).

(8) The core spray pumps have a manual shutoff at vessel high water level (Level 8 elevation).
,

They are reactivated when the level drops as needed to maintain water level and may be shut
I off again.
l
'

(9) Control rod drive (CRD) flow is maintained constant at 8.89 lbm/sec.

! (10) SRV (manual, automatic, ADS) capacities are at 122.5% of ASME-rated flow to conservatively
| calculate maximum pool temperatures.

(11) The licensed decay-heat curve (May-Witt) for containment analysis is used.

(12) No heat transfer is considered in the drywell or wetwell airspace.

| (13) The MSIV's close 3 seconds after a 1/2 second delay for the isolation signal.

(14) Operator actions are based on normal operator action times and licensing basis delays during
the given event.

I (15) A switchover time of 16 minutes is taken to switch from the pool cooling mode to the shutdowni

| fp cooling mode.

E. . .
i
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y$ NOTES TO TABLE l-5.1-1
[$ (Concluded)
e .c.

( O I
| 3O

N,

om (16) When both RHR loops are operating and shutdown cooling is available, one RHR loop is left
'

e aligned in the pool cooling mode while the other is diverted to shutdown cooling. This
assumption is reasonable because the pool is at a high temperature, and because a single RHR
loop will effectively depressurized the vessel via shutdown cooling.

(17) Drywell fan coolers are initially available in SORV events and isolation events. However, it
is assumed that the coolers will not operate to keep the drywell pressure below the high
drywell pressure trip set point (2 psig) after RPV lower water level 2 is reached.
Consequently, under appropriate initial conditions the RHR will automatically switch out of
the pool cooling mode and line up in the low pressure coolant injection (LPCI) mode.

(18) The ADS system is modeled by fully opening five SRV's in the ADS mode. The ADS system may be
actuated manually on high suppression pool temperature (120*F).

g (19) All RHR and ECCS pumps have 100% of their horsepower rating converted to a pump heat input
y (Btu /sec) and added directly to the pool as an enthalpy rise over time of pump operation,

b (20) Upon isolation, the portion of feedwater in the feedwater system that is higher in temperature
than the peak bulk pool temperature is assumed to continue to return to the reactor vessel.
The " hot" portion is taken to be the feedwater which enters the vessel at an enthalpy greater
than 150 Btu /lbm.

(21) The service water temperature for the RHR heat exchangers is kept constant at 89'F, giving a
heat transfer coefficient of 321 Btu /sec *F per loop.

(22) The 18-in. RHR discharge line is directed parallel to flow in the discharge bay.

(23) The break flow mass and energy are added to flow through the quenchers for SBA cases. This
approach makes the results of SBA cases more conservative because it maintains a " hot spot"
around the quenchers at all times.

(24) The analyses are terminated when the pool temperature reaches a maximum and turns around, or
when the steam discharging activities of the SRV's are over.

|} (25) The operator will attempt to reclose an SORV. Based on available operating plant data prior

g| to the implementation of the requirements of IE Bulletin 80-25 (Reference 16), SORVs have been
,qp shown to reclose at an average pressure of 260 psig. The lowest reclosure pressure recorded

was 50 psig, and this value is conservatively assumed for this analysis.

1
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1-5.2 Suppression Pool Temperature Monitoring System Design

Fermi 2 utilizes a Suppression Pool Temperature

Monitoring System to ensure that the suppression pool

is within the allowable Technical Specification

limits. The conservative analysis of the Fermi 2

pool temperature response to SRV transients described

in Section 1-5.1 contributes to ensuring that the

pool temperature is maintained within acceptable
.

limits during SRV discharges. The following

discussion describes the Fermi 2 SPTMS design and

conformance to the criteria specified in Appendix A

of NUREG-0661.

O
The Fermi 2 SPTMS design utilizes 8 dual element

thermocouples which are installed in the torus at an

elevation of 556'-1" to measure torus water

temperatures. In addition, there are 4 more dual

element thermocouples installed at an elevation of

551'-4". These thermocouples are well below the

minimum operating water level. (Normal operation is

at 557'-0" and low low controls are at 556'-10".)

All of these thermocouples are uniformly distributed

throughout the torus.
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The Fermi 2 design provides suppression pool

temperature indication and recording in the main

control room. Suppression pool temperatures are

calculated based on temperature sensors located

throughout the pool. The Fermi 2 operating

procedures will provide details and necessary steps

such that minimum operator action is required to

determine the pool bulk temperature.

The suppression pool temperature sensors (thermo-

couples) are seismically qualified and are of Quality

Level III. The sensors are a passive element and do

not require any power supply. The sensors are

mounted on seismically qualified supports and the

signal cables are routed in seismically qualified and

supported trays and conduits to the main control room

recorders. There are three multi pen (12 pens)

Stripchart Recorders of Quality Group III in the main

control room and they are powered from onsite

emergency bus power supplies.

The Fermi 2 SPTMS design as described above is in

accordance with Appendix A of NUREG-0661.

|
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