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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 *he 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 effects 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
heen restored. The report is composed of five volumes which are:

o Volume 1 = GENERAL CRITERIA AND LOADS 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

DET-04-028~1
Revision 0 1-iv

nutech



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.

DET-04-028~1
Revision 0




TABLE OF CONTENTS

ABSTRACT
LIST OF ACRONYMS
LIST OF TABLES
LIST OF FIGURES
1-1.0 INTRODUCTION
1-1.1 Scope of Analysis

1-1.2 General Description of the Containment
System

1-1.3 Review of Phenomena

3.1 LOCA-Related Phenomena
3.2 SRV Discharge Phenomena

l-lo
l-lo
1-1.4 Evaluation Philosophy
1-2.0 PLANT UNIQUE CHARACTERISTICS
1-2.1 Plant Configuration
1 Suppression Chamber
2 Vent System
3 Internal Structures
4 SRV Discharge Piping
1-2.2 Operating Parameters
1-3.0 PLANT UNIQUE ANALYSIS CRITERIA

1-3.1 Hydrodynamic Loads: NRC Acceptance
Criteria

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

DET-04-028~1
Revision 0 l-vi

Page
l-iv
1-ix
1-xi

l-xiii

1-1.1
1-1.8
1-1.10

nutech



TABLE OF CONTENTS

(Continued)

1-3.2 Component Analysis:

Acceptance Criteria

Structural

1-3,2.1 Classification of Components
1-3.2.2 Service Level Assignments
1-3.2.3 Other Considerations

1-4.0 HYDRODYNAMIC LOADS DEVELOPMENT METHODOLOGY AND
EVENT SEQUENCE SUMMARY
1-4.1 LOCA-Related Loads
1-4.1.1 Containment Pressure and
Temperature Response
1-4.1.2 Vent System Discharge Loads
1-4.1.3 Pool Swell Loads or the Torus
Shell
1-4.1.4 Pool Swell Loads on Elevated
Structures
1-4.1.4.1 Impact and Drag Loads
on the Vent System
1-4.1.4.2 Impact and Drag Loads
on Other Structures
1-4.1.4.3 Pool Swell Froth
Impingement Loads
1-4.1.4.4 Pool Fallback Loads
1-4.1.5 LOCA Waterjet Loads on Submerged
Structures
1-4.1.6 LOCA Bubble-Induced Loads c©n
Submerged Structures
1-4.1.7 Condensation Oscillation Loads
1-4.1.7.1 CO Loads on the Torus
Shell
1-4.1.7.2 CO Loads on the
Downcomers and Vent
System
1-4.1.7.3 CO Loads on Submerged
Structures
1-4.1.8 Chugging Loads
1-4.1.8.1 Chugging Loads on
the Torus Shell
1-4.1.8.2 Chugging Downcomer
Lateral Loads
1-4.1.8.3 Chugging Loads on
Submerged Structures
DET-04-028~1
Revision 0 1-vii

1-3.10

1—403
1-4.5

1-406
1-4.8

1-4.10
1-4.11
1-4.15
1-4.19

1-4.25
1-4.28

1-4 . 36

1-4.41
1-4542

1-4.53

1—40 67

1-4.71
1-4.73

1-4.81
1-4085

nutech



‘ TABLE OF CONTENTS

(Concluded)

1-4.2 Safety Relief Valve Discharge Loads

1-4.2.1 SRV Actuation Cases

1-4.2.2 SRV Discharge Line Clearing
Loads

1-4.2.3 SRV Loads on the Torus Shell

1-4.2.4 SRV Loads on Submerged

Structures
1-4.3 Event Sequence
1-4.3.1 Design Basis Accident
1-4.3.2 Intermediate Break Accident
1-4.3.3 Small Break Accident
1-5.0 SUPPRESSION POOL TEMPERATURE MONITORING SYSTEM
1-5.1 Suppression Pool Temperature Response to

SRV Transients
1-5.2 Suppression Pool Temperature Monitoring

. System Design
1-6.0 LIST OF REFERENCES

DET-04~028~1
Revision 0 l-viii

Page
1~4089

1-4.94
1-4.100

1-4.105
1-4.111
1-4.116
1-4.119
1-4.125
1-‘0127

1—5.1

1-5.2

1-509

1-601

nutech



LIST OF ACRONYMS

Automatic Depressurization System
American Society of Mechanical Engineers
Boiling Water Reactor
Cumulative Distribution Function
Condensation Oscillation
DBA Design Basis Accident
DC/VH Downcomer /Vent Header
FSAR Final Safety Analysis Report
FSI Fluid-Structure Interaction
Full-Scale Test Facility
High Pressure Coolant Injection
Intermediate Break Accident
I&C Instrumentation & Control
LDR Load Definition Report (Mark I Containment
LOCA Loss-of-Coolant Accident
LTP Long~Term Program
MCF Modal Correction Factors
Non-Exceedance Probability
Normal Operating Conditions

NRC Nuclea. Regulatory Commission

NSSS Jjuclear Steam Supply System

PUAAG Plant Unique Analysis Application Guide
PUA Plant Unique Analysis
PUAR Plant Unique Analysis Report

PULD Plant Unique Load Definition

DET-04-028~-1
Revision 0




' LIST OF ACRONYMS
(Concluded)

QSTF Quarter-Scale Test Facility

keIC Reactor Core Isolation Cooling
RHRS Residual Heat Removal System
RPV Reactor Pressure Vessel

RSEL Resultant-Static-Equivalent Load

SBA Small Break Accident

SCRV 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

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

nutech



Number

1-1.0-1
1-2,2~1
1-3,.2-1

1-3,2-2

1-4.0-1

1-4.1-1

1-4.1-2

1-4.1-3

1-401-4
1-4.1-5
1-4.1~-6

1=4.,1~7

1-4.1-8

l-‘ol-g

1-4.1-10

1-4.1-11

1-4,1-12

DET-04-028~

Revision 0

LIST OF TABLES

Litle

Fermi 2 Containment Modificat.on Status
Suppression Chamber Operating Parameters

Event Combinations and Service Levels for
Class MC Components and Internal Structures

Event Combinations and Service Levels for
Class 2 and 3 Piping

Plant Unique Analysis/NUREG-0661 Load
Sections Cross-Reference

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

Plant Unique Parameters for LOCA Bubble Drag
Load Development

DBA Condensation Oscillation Torus Shell
Pressure Amplitudes

FSTF Response to Condensation Oscillation
Condensation Oscillation Onset and Duration

Downccmer Internal Pressure Loads for DBA
Condensation Oscillation

Downcomer Differential Pressure Loads for
DBA Condensation Oscillation

Downcomer Internal Pressure Loads
For IBA Condensation Oscillation

Downcomer Differential Pressure Loads
For IBA Condensation Oscillation

Condensation Oscillation Loads on the Vent
System

Amplitudes at Various Frequencies for
Condensation Oscillation Source Function for
Loads on Submerged Structures

Chugging Onset and Duration

1
1-xi

Page
1-107

1-2.30
1-3013

1-3015
1-4.2

1‘4.33

1-4.39
1-4- ‘6

1-4048
1-4.49
1’4.57

1-4.58
1-4.59
1-4.60
1-4.61

1-4.70

1-4076

nutech




Number

1-4.1-13

1-4.1-14

1-4.1-15

1-4.2-1

1-4.2-3

l-‘o 2-4

1-4.3-1
1-40 3-2

1-4,.3-3

1=5.1-1

DET-04-028~

Revision 0

LIST OF TABLES
(Concluded)

Title

Post-Chug Rigid Wall Pressure Amplitudes on
Torus Shell Bottom Dead Center

Probability of Exceedance for Multiple
Downcomers Chugging

Amplitudes at Various Freguencies for
Chugging Source Function for Loads on
Submerged Structures

SRV Load Case/Initial Conditions

Plant Unique Initial Conditions for
Ac*uation Cases Used for SRVDL Clearing
Transient Load Development

SRVDL Analysis Parameters

Comparison of Analysis and Monticello
Test Results

SRV and LOCA Structural Loads
Event Timing Nomcnclature

SRV Discharge Load Cases for Mark I
Structural Analysis

Summary of Fermi 2 Pool Temperature
Response to SRV Transients

1
1-xii

Page
1-4.77

1-4.84
1-4.87

1-4.99
1-4.103

1-4.104
1-4.108

1-4.118
1-4.120
1-4,121

1-505

nutech



Number

1-2.1~1
1-2,1-2
1-2.1-3

1-2.1-4

1-2.1-5

1-2.1-6
1=2.1~7
1-2.1-8
1-2.1-9

1-2.1-10
1-2.1-11
1-2,1~-12
1-2.1-13
i=2:1-14
1-2.1-15
1-2.1-16
1-2.1-17
1-4.1-1

1-4.1-2

1-401-3

1-4.1-4

DET-04-028~

Revision 0

LIST OF FIGURES

Title
Elevation View of Containment
Plan View of Suppression Chamber

Suppression Chamber Section - Midbay Vent
Line Bay

Suppression Chamber Section - Mitered Joint

Quencher and Quencher Supports - Plan View
and Elevation

Quencher and Support Locations
Vent Header Plan View
Vent Line to Vent Header Intersection

Developed View of Vent Header and
Downcomer Bracing System

Downcomer to Vent Header Intersection

Vacuum Breaker Penetration - Plan View
Vacuum Breaker Penetration - Detail

SRV Penetration in vent Line

Catwalk Frame

Catwalk Supports

Monorail Supports

SRV Pipe Routing in Wetwell - Plan View
Downcomer Impact and Drag Pressure Transient

Application of Impact and Drag Pressure
Transient to Downcomer

Pulse Shape for Water Impact on Cylindrical
Targets

Pulse Shape for Water Impact on Flat Targets

1
l-xiii

Page
1‘2-4

1—2-5
1-2.10

1-2.11
1-2.12

3=2:.13
1-2.16
1-2.17
1-2,.18

1-2.19 .

1-2.20
1-2,21
1-2.22
1-2.24
1-2.25
1-2.26
1-2.28
1-4.13
1-4.14

1-4.1/

1-4.18

nutech



Number

1"40 1"5
1-4.1-6
1-4.1-7

1"4' 1-8

l“n 1-9

1-4.1-10

1-4,1~11

1-4.1~-13

1-4.1~14

1-4.1~-15
1-4,1~16

1-4.1~-17

1-4.1~-18

1-4.1-19

1-4.1-20

LIST OF FIGURES
(Continued)

Title
Froth Impingement Zone - Region I
Froth Impingement Zone - Region II

Quirter-Scale Downcomer Water Slug Ejection,
Test 7

Quarter-Scale Drywell Pressure Time-History
Condensation Oscillation Baseline Rigid Wall
Pressure Amplitudes on Torus Shell Bottom
Dead Center

Mark I Condensation Oscillation - Torus
Vertical Cross-Sectional Distribution for
Pressure Oscillation Amplitude

Mark I Condensation Oscillation - Multipli-
cation Factor to Account for the Eff.ct

of the Pool-to-Vent Area Ratio

Downcomer Dynamic Load

Downcomer Pair Internal Pressure Loading for
DBA CO

Downcomer Pair Differential Pressure Loading
for DBA CO

Downcomer CO Dynamic Load Application

Downcomer Internal Pressure Loading for
IBA CO

Typical Chug Average Pressure Trace on the
Torus Shell

Mark I Chugging - Torus Asymmetric
Longitudinal Distribution for Pressure
Amplitude

Mark I Chugging - Torus Vertical Cross-

Sectional Distribution for Pressure Amplitude

Post-Chug Rigid Wall Pressure Amplitudes on
Torus Shell Bottom Dead Center

DET-04-028~1

Revision 0

l=-xiv

Page
1-40 23

.1"'4 . 2‘
1-4.35

1-4.40

1-4.50

1-4.51

1-4.52

1-‘062

1-4.63

1-4.64

1-4.65
1-4.66

1-4072

1-4,78

1-4.79

1-4.80



Revision 0

LIST OF FIGURES

(Concluded)

Number Title

1-4,.2-1 T-gquencher and SRV Line

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

1-4,.2-3 T-quencher Hole Pattern - Section Views

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

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

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

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

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

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

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

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

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

DET-04-028-1

l=-xv

Page
1-4.91

1-4092
1-4.93
1-4.109

1-4.110

1-4.115

1-4.122

1-4.123

1-4.124

1-4.126

1-4.128

1-5.8



. 1-1.0 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
are related to the postulated loss-of-coolant

accident (LOCA) and cafety relief valve (SRV)

’ operation.

The identification of these new loads presented a
generic open item for utilities with Mark I
containments. To determine the magnitude, time
characteristics, etc., of the dynamic loads in a
timely manner and to identify courses of action
needed to resolve any outstanding concerns, the
utilities with Mark I containments formed the Mark I
Owners Group. The Mark I Owners Group established a
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
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 £inal
design loads and load combinations and to verify that
existing or modified containment and related struc-
tures are capable of withstanding these loads with
acceptable design margins. However, the original LTP
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

1-1,.2
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. modifications before the final 1loads and load
combinations were determined by the Mark I Owners

Group.

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
containment design for the original design loads and
the newly defined suppression pool hydrodynamic
loads. The loads employed in the interim PUA were
‘ established using available generic documents, with
the objective of developing realistic design loads
which would allow early plant modifications with a

high probability of bounding the final loads.

Results of the interim PUA indicated that extensive
modifications would be required to the suppression
chamber, vent system, and suppression chamber
internal piping and structures to re-establish the
original design margins. The nature and extent of
the modifications were discussed in the interim PUA

report (Reference 4). Detroit Edison Company

. DET-04-028-1 1-1.3
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proceeded at risk to install extensive modifications ‘
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-
uration 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
Fermi 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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‘ NUREG-0661, Appendix A, Article 2.13.9 was used in
the evaluation of safety relief valve discharge
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.

The predicted response of the suppression chamber
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
Company is conducting a scoping analysis of selected
torus-attached piping systems in order to justify
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 after the first refueling

cycle.

. DET-04-028~1 1-1.5
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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).

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

FERMI 2 CONTAINMENT MODIFICATION STATUS
APPROXIMATE
DESCRIPTION MODIFICATION REMARKS
DATES
w—_
RING BEAM REINFORCEMENT
COLUMN REINFORCEMENT 10/78
TORUS COLUMN CONNECTION REINFORCEMENT 12/79
MITERED JOINT SADDLES 6/82
ADDITICNAL COLUMN ANCHOR BOLTS 6/82
DOWNCOMER SHORTENTNG 2/80
VENT HEADER/DOWNCOMER STIFFENING 11/78
AND BRACING
REINFORCED EXISTING VENT SYSTEM 2/79 ORIGINAL COLUMNS
COLUMNS AND CONNECTIONS : REPLACED
VENT HEADER DEFLECTOR (NON=-VENT :
VENT 2/80
SYSTEM LINE BAYS)
VENT HEADER DEFLECTOR (VENT 9/82
LINE BAYS)
VENT LINE/VENT HEADER STIFFENING 6/79
REINFORCED VACUUM BREAKER TO VENT 7/79
HEADER CONNECTION
ADDITIONAL SUPPORTS 5/78
MONO=- STRENGTHEN EXISTING REMOVED EXISTING
RAIL SUPPORTS 5/78 COLUMN SUPPORTS
=< REPLACED WITH
INTERNAL /
STROCTURES EXTENDED MONORAIL 5/78 HANGER SUPPORTS
ADDITIONAL SUPPORTS 8/78
CATWALK
GRATING (DELIVER TO SITE) 3/80 REMOVED CHECKERED
PLATE AND REPLACED
GRATING INSTALLATION 1/82 WITH GRATING
REROUTED PIPING IN WETWELL 4/80
ADDITIONAL WETWELL SUPPORTS 4/79
REINFORCED VENT LINE 11/78
N
SRV PIPING FENETRAEIY
ADDED QUENCHER/RAMSHEAD SUPPORTS 1/82
QUENCHERS 9/82
ADDITIONAL QUENCHER SUPPORTS 9/82
DET-04-028~1
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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

DET-04-028~-1 1-1.8
Revision 0



DET-04-028-1
Revision 0

Internal Structures

- The internal structural elements
including the monorail, catwalk, and
their supports

- The vent header deflectors and their

supports

The safety relief valve (SRV) discharge piping

and supports

Miscellaneous

- The instrumentation and control (I&C)
conduit and tubing inside or attached to
the torus

- The Suppression Pool Temperature

Monitoring System [(SPTMS)

1-1.9
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1-1.2 General Description of the Containment System .

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
are 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 .
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suppression pool.
T-quencher discharge
lines are described

1-2.1.4 and Volume 5.

The discharge 1lines end in
devices. The SRV discharge

in greater detail in Section

1-1,11
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Review of Phemomena
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The following subsections provide a brief qualitative
description of the various phenomena that could occur
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-
sents the load definition procedures used to develop

“he Fermi 2 hydrodynamic loads.

1-1.12

nutech



DET-04-028~-1
Revision 0

[OCA-Related Phenomena

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. Ari 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.
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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 condeasation
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 1is 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 chugaing.

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.

1-1.14
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. 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 condenses.

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 from 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

. DET-04-028~-1 1-1,15
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bubbles, 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.
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1-1.4

Evaluation Philosophy

The development of event sequences, assumptions, load
definitions, analysis techniques, and all the other
facets comprising the Fermi 2 plant unique analysis
are syp2cifically 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

DET-04-028-1
Revision 0

Implicit in the analysis of loss-of - “oolant accidents
is the assumption that the event will occur although
the probability of such pipe breaks is 1low. 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.

1-1.17
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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
effects 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.

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 LOCA 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 FSTF was specifically

designed and constructed to promote rapid air and

DET-04-028-1 1-1.18

Revision 0 mtgm



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 FSTF 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
(QSTF). 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 QOSTF tests also

minimized the loss coefficient and maximized the

‘ DET-04-028-1
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drywell pressurization rate, thus maximizing the pool
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
time, 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 frequency ranges. SRV loads
on submerged structures are similar?'s 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

1-1020
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Fermi 2 in-plant SRV tests are expected to confirm

similar conservatisms,

Load Combinations
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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
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.
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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 1in that fashion is very remote,
Furthermore, the initiating events themselves (e.g.,

TOCA 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 .
tiiese loads are assumed to be smooth curves of
regular or periodic shape. This simplifies load
definitions and analyses but maximizes predicted
responses, Pata from full scale tests show actual
forcing functions tc 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
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. 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 1low 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 us2d 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
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the original safety margins been restored, but even
greater margins now exist than in the original

design.
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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.

1-2-1
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1-2,1 Plant Configuration

The containrent vessel is a Mark I dc ign 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 1lines are connected to a common vent

header. Also connected to the vent header are
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downcomer which terminate below the water level of
the suppression pool. A bellows assembly connecting
the suppression chamber to the vent line allows for
diiferential movement between the drywell and the

suppression chamber.
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Suppression Chamber

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 Jjoint 1location 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 Jjoint, 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 lo.ation 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 distribution