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LEGAL NOTICE

This report was prepared as an account of Government-sponsored work. Neither
the United States, nor the Commission, nor any person acting on behalf of the
Commission:

A. Makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness, or usefulness of the information contained in
this report, or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting
from the use of any information, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the Commission" includes any
employe or contractor of the Commission, or employe of such contractor, to the
extent that such employe or contractor of the Commission, or employe of such
contractor prepares, disseminates, or provides access to, any information
pursuant to his employment or contract with the Commission, or his employment
with such contractor.

1ii






Section

1

TABLE OF CONTENTS

Titie

INTRODUCTION

1.1

OBJECTIVES

TEST DESCRIPTION

2.1
2.2
2.3
2.4

FACILITY DESCRIPTION

INSTRUMENTATION
TEST PROCEDURES

INITIAL HOUSING TEMPERATURE DISTRIBUTION

DISCUSSION OF TEST RESULTS

3.1

3.2
3.3

GENERAL RESULTS

3.1.1 Summary of Run Conditions and Test Results

DISCUSSION OF CALCULATION METHODS
PRESENTATION AND ANALYSIS OF SELECTED RUNS
3.3.1 Data Analysis for Run 4923

3.3.1.1
3.3.1.2
3.3.1.3
3.3.1.4
3.3.1.5

3.3.1.6

3.3.1.7

3.3.1.8
3.3-1’9

General Observations
Mass Balance
Flooding Rate
Entrainment

Quench Front and Test Section
Axial Pressure Drop Data

Rod Temperature and Heat
Transfer Coefficient Behavior

Fluid Temperature at Various
Points in the System

Housing Behavior

Energy Balance

Page
1-1
1-1
2-1

2-1
2-7
2-12
2-15

3-1
3-2
3-5

3-9

3-10
3-10
3-12
3-17

3-20

3-23

3-29
3-29
3-33



Section

5

APPENDIX A

APPENDIX B

TABLE OF CONTENTS (Cont)
Title

3.3.2 Data Analysis for Run 2919

3.3.2.1 General Observations

3.3.2.2 Mass Balance

3.3.2.3 Flooding Rate

3.3.2.4  Entrainment

3.3.2.5 Quench Front and Test

Section Axial Pressure
Drop Data

3.3.2.6 Rod Temperature and Heat
Transfer Coefficient Behavior

3.3.2.7 Fluid Temperatures at
Various Points in the System

3.3.2.8 Housing Behavior
3.3.2.9  Energy Balance
3.4 HOUSING EFFECTS IN FLECHT-SET TESTS
3.5 PARAMETER EFFECTS
3.5.1 1Inlet Coolant Subcooling
3.5.2 Initial Clad Temperature
3.5.3 Peak Power Generation
3.5.4 Containment Pressure

3.5.5 Injection Rate
SUMMARY AND CONCLUSIONS

4,1 FLECHT-SET PHASE A CONCLUSIONS
4.2 LOW CLAD TEMPERATURE FLECHT TESTS
4,3 TOP SPRAY TESTS

REFERENCES
FLECHT-SET DATA SHEETS
LOW CLAD TEMPERATURE FLECHT TESTS

B.1l INTRODUCTION
B.1l.1 Rationale for Tests
B.1.2 Objective

vi

Page

3-35
3-36
3-36
3-38
3-45

3-48

3-51

3-55
3-55
3-61
3-63
3-99
3-99
3-105
3-116
3-123
3-131

4-1
b=4
4-5

5-1



Section

APPENDIX B-1

APPENDIX C

B.2

B.3
B.4

B.5

B.6

TABLE OF CONTENTS (Cont)
Title

TEST DESCRIPTION

B.2,1 Facility Layout

B.2.2 Instrumentation and Data Acquisition
B.2.3 Test Procedure

CALCULATION AND DATA REDUCTION
DISCUSSION OF TEST RESULTS

B.4.1 Run Summary

B.4.,2 Typical Test Results

B.4.3 Housing Axial Pressure Data
PARAMETER EFFECTS

B.5.1 1Initial Clad Temperature
B.5.2 Coolagnt Subcooling

B.5.3 Pressure

B.5.4 TFlooding Rate

B.5.5 Peak Power

CONCLUSIONS

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEETS

TOP INJECTION TESTS

c.1

c.2

c.3
C.4

INTRODUCTION

C.1.1 Purpose of Tests

TEST DESCRIPTION

C.2.1 Facility Layout

C.2.2 Instrumentation and Data Acquisition
C.2,3 Test Procedure

CALCULATIONS AND DATA REDUCTION

DISCUSSION OF TEST RESULTS

C.4.,1 Run Summary Sheets

C.4.2 General Observations

C.4.3 Parameter Effects on Top Injection
Performance

vii

Page

B-2
B-2
B-2

B-5

B-6

B-6

B-10
B~15
B-24
B-24
B-28
B-28
B-35
B-35
B-38

B-39



TABLE OF CONTENTS (Cont)
Section Title

C.4.3.1 Peak Power Effects

C.4.3.2 Initial Temperature Effects
C.4.3.3 Injection Water Temperature
C.4.3.4 Injection Flow Effects

C.4.3.5 Examination of the Bundle
Venting Effect

C.5 CONCLUSIONS

APPENDIX C-1 TOP INJECTION TEST RUN SUMMARY SHEETS

viii

Page
C-15
C-21
c-21
C-29

Cc-32
C-38

C-45



Figure

LIST OF ILLUSTRATIONS

Title
Schematic of Phase A Facility
Schematic of Phase A Test Section
Schematic of Phase A Separator Tank

Double Ended Cold Leg Break (Guillotine) Accumulators
and Pump Injection Flow Rates versus Time

Measured Power Decay Used in FLECHTSET (Phase A)
Comparison of FLECHTSET Power Decay to ANS Standard

Cross Section of 10 x 10 Bundle Showing Instrument
Locations

Thermocouple Locations

Pressure and Differential Pressure Transducer Locations
Schematic of Downcomer "Level" Transducer

Mass Balance for Run 4923

Downcomer Head vs. Time = Run 4923

Flooding Rate vs. Time - Run 4923

Pressure Drops for Run 4923

Mass Flow Rates - Run 4923

Mass Effluent Rate Fraction - Run 4923

Total Mass Effluent Fraction - Run 4923

Rod Temperature Quench Front Envelope - Run 4923

Downcomer and Test Section Pressure Drop Data - Run 4923

ix

Page
2-2

2-8
2~-9

2-10

2-11
2-13
2-14
3-6

3-11
3-13
3-14
3-15
3-18
3-19
3-21
3-22

3-24



Figure

3-11

3-12
3-13

3-14

3-15

3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26
3-27

3-28

3-29

3-30

LIST OF ILLUSTRATIONS (cont)

Title

Quench Front Envelope and Void Fractiom Profiles -
Run 4923

Clad Temperature History - Run 4923
Rod Heat Transfer Coefficients - Run 4923

Comparison of Predicted and Measured Midplane Heat
Transfer Coefficients - Run 4923

Test Section Inlet and Outlet Fluid Temperature -
Run 4923

Fluid Temperature Upstream of Loop Orifice - Run 4923
Housing Temperature Data - Run 4923

Mass Balance - Run 2919

Downcomer Head vs. Time - Run 2919

Downcomer Fluid Overflow Rate - Run 2910
Flooding Rate vs. Time - Run 2919

Pressure Drop Data - Run 2919

Housing Axial Pressure Drop Data - 2919

Mass Flow Rates - Run 2919

Mass Effluent Rate Fraction - Run 2919

Total Mass Effluent Fraction - Run 2919
Temperature Quench Front Envelope - Run 2919

Temperature Quench Front Envelope and Average
Void Fraction Profiles - Run 2919

Clad Temperature and Heat Transfer Coefficient
vs. Time - Run 2919

Comparison of Predicted and Measured Midplane Heat
Transfer Coefficient - Run 2919

3-28

3-30

3-31

3-32

3-37

3-39

3-40

3-41

3-42

3-44

3-46

3-47

3-49

3-50

3-52

3-53

3-54



Figure

3-31

3-32
3-33

3-34

3-35

3-36

3-37

3-38

3-39

3-40

3-41

3-42
3-43

3-44

3-45

3-46

3-47

LIST OF ILLUSTRATIONS (cont)

Title

Test Section Inlet and Outlet Fluid Temperature -
Run 2919

Fluid Temperature Upstream of Loop Orifice - Run 2919
Housing Temperature Data -~ Run 2919

Midplane Clad Temperatures at Different Radial Distances
from the Test Section Housing Wall - Run 2919

Heater Rod Hookup for Housing Effects Tests

Midplane Quench Time vs. Heat Input Below 6' up to
6' Quench Time per Unit Volume of Fluid Below 6'

Midplane Quench Time vs. Heat Input by Housing and
Outer Row of Rods Below 6' Quench Time per Unit Volume
of Fluid in Periphery Channel

Comparison of Quench Front Envelope vs. Time for
Runs 5115 and 5316

Downcomer Pressure Drop vs. Time for Different
Housing Temperatures

Comparison of Loop Pressure Drops for Runs 5115 and 5316

Comparison of Mass Put Into Bundle and Mass Remaining
in Bundle for Runs 5115 and 5316

Comparison of Flooding Rates for Runs 5316 and 5115
Comparison of Vapor Flow Rates for Runs 5316 and 5115

Comparison of Bundle Axial Pressure Drops for Runs 5115
and 5316

Comparison of Total Mass Effluent Fractions for Runs 5115
and 5316

Comparison of Mass Stored in Upper Plenum Extension for
Runs 5115 and 5316

Comparison of Midplane Clad Temperature and Heat
Transfer Coefficient for Runs 5115 and 5316

xi

Page

3-56
3-57

3-58

3-60

3-66

3-68

3-71

3-72

3-73

3-74

3-76
3-77

3-78

3~79

3-80

3-82

3-83



Figure

3-48

3-49

3-50

3-51

3-52

3-53

3-54

3-55

3-56

3-57

3-58

3-59

3-60

3-61

3-62

LIST OF ILLUSTRATIONS (cont)

Title

Effect of the Number of Heated Rods on Midplane Clad

Temperature and Heat Transfer Coefficient

Effect of the Number of Heated Rods on the Flooding
Rate and Vapor Effluent Mass Flow Rate

Effect of the Number of Heated Rods on the Test
Section Mass Input and Storage

Effect of the Number of Heated Rods on Downcomer
and Test Section Pressure Drop

Effect of Peak Power on Midplane Clad Temperature
and Heat Transfer Coefficient

Effect of Peak Power on Flooding Rate and Vapor
Mass Flow Rate

Effect of Peak Power on Test Section Mass Input
and Storage

Effect of Peak Power on Downcomer and Test Section
Pressure Drop

Effect of Housing Temperature on Test Section
Flooding Rate and Vapor Mass Flow Rate

Effect of Housing Temperature on Test Section
Mass Input and Storage

Effect of Housing Temperature on Downcomer and Test
Section Pressure Drops

Effect of Housing Temperature on Midplane Clad
Temperature and Heat Transfer Coefficient

Effect of Inlet Subcooling on Flooding Rate
at 20 Psia Containment Pressure

Effect of Inlet Subcooling on Mass Stored in the
Bundle and Liquid Collected in Separator Tank at

20 Psia Containment Pressure

Effect of Inlet Subcooling on the Rod Quench Front
Envelope at 20 Psia Containment Pressure

xii

Page

3-85

3-86

3-87

3-88

3-89

3-90

3-91

3-92

3-94

3-95

3-96

3-97

3-101

3-102

3-103



Figure

3-63

3-64

3-65

3-66

3-67

3-68

3-69

3-70

3-71

3-72

3-73

3-74

3-75

LIST OF ILLUSTRATIONS (cont)

Effect of Inlet Subcooling on Midplane Heat Transfer

Title

Coefficient at 20 Psia Containment Pressure

Effect of Inlet Subcooling on the Vapor Generated and

Mass Stored in the Bundle at 60 Psia Containment

Pressure

Effect of Inlet Subcooling on the Midplane Heat

Transfer Coefficient at 60 Psia Containment Pressure

Effect of Initial Clad Temperature on 6' Temperature

Rise, Turnaround Time, and Quench Time at 20 Psia

Containment Pressure

Effect of Initial Clad Temperature on the Mass Remaining
in the Bundle and the Mass of Liquid Collected in the

Separator Tank at 20 Psia Containment Pressure

Effect of Initial Clad Temperature on Flooding Rate at

20 Psia Containment Pressure

Effect of Initial Clad Temperature on Rod Quench
Front Behavior at 20 Psia Containment Pressure

Effect of Initial Clad Temperature on Midplane Heat
Transfer Coefficient at 20 Psia Containment Pressure

Effect of Initial Clad Temperature on Midplane
Temperature Rise, Turnaround Time, and Quench
Time at 60 Psia Containment Pressure

Effect of Initial Clad Temperature on the Mass

Put into the Bundle,

and Liquid Collected in the Separator Tank at 60 Psia

Containment Pressure

Effect of Initial Clad Temperature on Flooding Rate

Mass Remaining in the Bundle,

at 60 Psia Containment Pressure

Effect of Initial Clad Temperature on Rod Quench
Front Behavior at 60 Psia Containment Pressure

Effect of Initial Clad Temperature on Midplane
Heat Transfer Coefficient at 60 Psia Containment

Pressure

x1ii

Page

3-104

3-106

3-107

3-108

3-110
3-111
3-112

3-113

3-114

3-115

3-117

3-118

3-119



Figure

3-76

3-717

3-78

3-79

3-80

3-81

3-82

3-83

3-84

3-85

3-86

3-87
3-88
3-89

3-90

3-91

3-92

LIST OF ILLUSTRATIONS (cont)

Title

Effect of Peak Power on 6' Quench Time, Turnaround Time,
and Temperature Rise at 20 Psia Containment Pressure

Effect of Peak Power on the Mass Remaining in the Bundle
and the Liquid Collected in the Separator Tank at 20 Psia

Containment Pressure

Effect of Peak Power on the Flooding Rate at 20 Psia
Containment Pressure

Effect of Peak Power on Rod and Housing Quench Front
Behavior at 20 Psia Containment Pressure

Effect of Peak Power on Midplane Heat Transfer
Coefficient at 20 Psia Containment Pressure

Effect of Containment Pressure on Midplane Quench Time,
Turnaround Time, and Temperature Rise

Effect of Containment Pressure on the Vapor Mass Flow
Rate

Effect of Containment Pressure on the Rod Quench Front
Envelope

Effect of Containment Pressure on Mass Remaining in Bundle
and Liquid Collected in Separator Tank

Effect of Containment Pressure on Flooding Rate

Effect of Containment Pressure on Midplane Heat Transfer
Coefficient

Injection Flood Rates at 20 Psia
Flooding Rates for Runs 3117, 3006, and 2605
Downcomer Elevation for Runs 2605, 3006, and 3117

Midplane Heat Transient Coefficient for Rumns 2605, 3006,
and 3117

Rod Quench Envelope and Housing Quench Front for Runs 3117,

2605, and 3006

Midplane Heat Transfer Coefficient for Runs 1709 and
2023, Rod 7D

xiv

Page

3-120

3-121

3-122

3-124

3-125

3-127

3-128

3-129

3-130

3-132

3-133
3-134
3-135

3-136

3-138

3-139

3-140



Figure

3-93

B-1

B-10

B-11

B-12

B-13

B~14

B~15

B-16

B-17

LIST OF ILLUSTRATIONS (cont)

Title

Downcomer Elevations and Flooding Rate, Runs 1709
and 2023

Low Initial Temperature Seriles Test Section Configuration
Flooding Rate Profiles

Envelope of Temperature Quench Front - Run 2420

Housing Axial Pressure Data - Run 2420

Mass Calculation - Run 2420

Mass Effluent Fraction - Run 2420

Initial Clad Temperature vs. Elevation

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of Quench Front and Differential
Pressure Data

Comparison of FLECHT Temperature Quench Fronts
with Low Clad Temperature FLECHT

Effect of Initial Temperature on Quench Front

Effect of Initial Clad Temperature on Maximum
Clad Temperature

XV

Page

3-141

B-9

B-11

B-12

B-13

B-14

B-16

B-18

B-19

B-20

B-21



B-21

B-22

B-23

B-24

B-25

Cc-8

c-9

C-10

c-11

LIST OF ILLUSTRATIONS (cont)

Title
Effect of Initial Clad Temperature on Entrainment
Effect of Initial Clad Temperature on Quench Front

Effect of Initial Clad Temperature on Maximum Clad
Temperature

Effect of Initial Clad Temperature on Entrainment
Effect of Inlet Water Subcooling

Effect of Pressure

Effect of Flooding Rate

Effect of Peak Power

FLECHT-SET Configuration for Top Injection Tests
Top Injection Position

Run 5703, Ten-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Run 5703, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Run 5703, Four-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Run 5703, Two-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Effect of Peak Power on Maximum Temperature Envelope

Effect of Power on Rod 5G, Six-Foot Heat Transfer
and Temperature

Run 5501, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Run 5602, Six~foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Effect of Initial Temperature on Maximum Temperature
Enve lope

xvi

Cc-14

C-17

Cc-18



Cc-19

Cc-20

Cc-21

c-22

Cc-23

C-24

C-25

C-26

c-27

c-28

LIST OF ILLUSTRATIONS (cont)

Title

Effect of Initial Temperature on Rod 5G, Six-foot
Heat Transfer

Effect of Initial Temperature on Rod 5G Transient

Run 5904, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Effect of Injection Water Temperature on Maximum
Temperature Envelope

Effect of Injection Water Temperature on Rod 5G
Rod Heat Transfer

Effect of Injection Water Temperature on Rod 5G
Temperature

Run 6106, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Run 6408, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Effect of Injection Water Flow Rate on Maximum
Temperature Envelope

Effect of Injection Water Flow Rate on Rod 5G
Heat Transfer

Effect of Injection Water Flow Rate on Rod 5G
Temperature Transient

Run 6205, Six-foot Cross—-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

Effect of Bundle Venting on Maximum Temperature
Envelope

Effect of Bundle Venting on Rod 5G, Six-foot Heat
Transfer

Effect of Bundle Venting on Rod 5G, Six-foot Temperature

Effect of Bundle Venting on Rod 5G Heat Transfer at
All Elevations

Run 6007, Six-foot Cross-Sectional Bundle Maximum
Temperatures, Turnaround Times, and Quench Times

xvii

Page

Cc-23

C-24

C-25

C-26

C-30

C-31

C-33

C-34

C-35

C-36

Cc-37

C-39

C-40

C-41

C-42



e’



Section

2-1
2-2
3-1
3-2
3-3
3-4

3-5

B-1

C-1
Cc-2
Cc-3

LIST OF TABLES
Title

FLECHT-SET Phase A Dimensions

Comparison of Test and PWR Flow Areas

Nominal Run Conditions and Parameter Varilations
FLECHT-SET Phase A Data Summary

Test Conditions for Housing Effects Tests

Total Heat Input to Fluid Below Midplane Up to
Midplane Quench Time

Heat Input to Periphery Channel Below Midplane Up
to Midplane Quench Time

Low Initial Clad Temperature FLECHT Tests - Run
Conditions and Results

Top Injection Test Matrix
Top Injection Tests Mass Collected
Top Injection Test Results

xix

Page

2-5
2-6
3-3
3-4
3-65

3-67

3-70

B-7
c-7
C-10
c-16






SECTION 1

INTRODUCTION

1.1 OBJECTIVES
This report describes the results of three test series:

1. Phase A FLECHT-SET tests are presented in Sections 1 through 5 and
Appendix A.

2. Low clad temperature FLECHT tests are presented in Appendix B.
3. Top Irjection cooling tests are presented in Appendix C.

This program is a continuation of the FLECHT Program. Reports previously
published on the FLECHT Program are as follows:

1. WCAP-7200
2. WCAP-7288
3. WCAP-7435
4. WCAP-7544
5. WCAP-7665
6. WCAP-7931
7. WCAP-7906

The overall objective of the FLECHT-SET program is to provide experimental
data on the influence of system effects on emergency core cooling (ECC)
behavior during the reflood phase of a loss-of-coolant accident (LOCA).
Ultimately, the test data obtained will be used to verify existing analytical
techniques or serve as the basis for the development of new ones. However,
improvement of codes was not included in the scope of this program. It is
expected that all interested groups will pursue analytical model development

and code improvement independently since each has a different code.

1-1



Based on the previous FLECHT programmed flooding rate tests and preliminary
scoping test experience, the facility behavior was sufficiently understood

to enable the selection of test conditions necessary to ensure valid data

and the measurement of all parameters important to code development. As in

most programs, certain experimental limitations existed. To fulfill the
objective of providing experimental data for the development of analytical
techniques, the system response need only be similar (as realistic as practical),
and not necessarily identical to that of a PWR. Thus, this test program was

not intended to be classified in the demonstration test category.

FLECHT-SET Phases B and C will be performed after the completion of Phase A.
Phase B is intended to more nearly simulate the reflood phase of a PWR LOCA with
broken and unbroken loops, including steam generator heat addition, elevation

rate and particularly test section effluent two-phase flow rate.

Phases B and C will be performed after the completion of Phase A. Phase B

is intended to more nearly simulate the reflood phase of a PWR LOCA with
broken and unbroken loops, including steam generator head addition, elevation
effects, and the feedback of the unbroken loop discharge on the fluid in the
downcomer. Phase B will be done in two parts. Phase Bl will utilize the

same type of heater rods used in previous FLECHT series which had a symmetrical
axial power distribution. Phase B2 will utilize heater rods with a skewed
axial power distribution. Phase C is included in the program scope to incor-
porate those features into the system simulation which may not be readily

accomplished in Phase B.



SECTION 2

TEST DESCRIPTION

2.1 FACILITY DESCRIPTION

The PWR FLECHT test facility was modified so that its response more nearly
simulated the reflood phase of a LOCA. A downcomer, an upper plenum extension,
and an exhaust loop were added to the existing FLECHT 10 x 10 test section as
described in Figures 2-1, 2-2, 2-3, and Table 2-1. The exhaust loop included

a liquid separator (see Figure 2-3) in the position normally occupied by the
steam generator. Downstream of the separator, the piping was heated well

above saturation temperature to ensure single-phase steam flow through the
orifice which provided additional flow resistance and a means for measuring

the vapor flow rate. The steam discharged to a large tank which was maintained

at constant pressure by an exhaust control valve.

The primary facility design requirements were to maintain typical PWR loop flow
resistances, elevations, lengths and to scale the flow areas by the ratio

of a typical four-loop PWR core flow area to the flow area of the FLECHT

10 x 10 rod bundle, and to utilize as much as possible of the existing FLECHT
facility. Thus, the downcomer fill-up rate, exhaust velocities, transport
times, and delays caused by mass storage and venting flow resistance should

be similar to those expected in a four-loop PWR during a portion of the reflood
phase of a LOCA. In this program the test bundle simulated a portion of an
average power fuel assembly and the loop resistance was set to that of a pipe

flow area consistent with the bundle flow area

A comparison of the various PWR flow areas to the flow areas used in the test
facility is shown in Table 2-2. The scaling factor used was the ratio of a
four-loop PWR core flow area to the FLECHT bundle flow area ( 370). Pipe
sizes were chosen so that this ratio was maintained as closely as possible.

The FLECHT upper plenum could not be changed practically because the heater
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FLECHT-SET PHASE A DIMENSIONS

TABLE 2-1

Centerline

Flow Area

Description Length (ft) ID (in.) (£2) Volume (f£t>)
Pipe, 1-1/2 in. Sch. 40 - 1.61 .01414 -
Downcomer 19.77 4,760 .1235 2.44
(to elbow)
90° Elbow (L/R) 5 in. Sch. 40 -— 5.047 .1390 -
Pipe, 5 in. 3.21 4.760 .1235 .40
Valve .833 5.047 .1363 .11
Pipe, 5 in. 3.21 4.760 .1235 .40
Test Section
Lower Plenum - - - 1.50
Heated Length 12.0 1383 1.66
Upper Plenum - - 91 2.38
Upper Plenum Ext - 7.981 3474 1.28
Pipe, 3 in. Sch. 40 18.5 3.068 .05130 .95
Carryover Tank 19.50 top 11.938 - 11.11
bot 7.981 -
Pipe, 3 in. Sch. 40 .63 3.068 05130 03
90° Elbow (L/R) 3 in. Sch. 40 - 3.068 05130 -~
Pipe, 3 in. Sch. 40 9.0 3.068 05130 46
Pipe, 3 in. Sch. 40 10.0 3.068 05130 51
Pipe, 3 in. Sch. 40 4.5 3.068 05130 23
Orifice (sq. cut) 20 psia - 1.76 01689 -
60 psia - 2.025 02237 -~
Pipe, 3 in. Sch. 40 10.0 3.068 05130 51
Pipe, 3 in. Sch. 40 .54 3.068 05130 03
Containment Tank 20 23.250 - 59.85
Pipe, 1-1/2 in. Sch. 40 2.17 1.61 0l414 03
90° Elbow (L/R) 1-1/2 in. Sch. 40 - 1.61 01414 -~
Pipe, 1-1/2 in. Sch. 40 2.85 1.61 01414 04
Overflow Tank 20.75 6.065 - 4.094
Pipe, 1-1/2 in. ID Tubing .92 1.500 .01225 .01
Overflow Tank 20.75 6.065 - 4.094



TABLE 2-2 N
COMPARISON OF TEST AND PWR FLOW AREAS

2
Flow Area (ft")

Component PWR FLECHT-SET Ratio
Downcomer 45.8% 0.124 369
Core 51.2 0.138 370
Upper Plenum 95. 2.91 32
Upper Plenum Extension  -- 0.347 274
Hot Leg 4.58 x 4 0.051 357
Cold Leg 4.12 x 4 0.051 320

*Includes core baffle region.

rods were of fixed length and penetrated the top of the upper plenum. The
upper plenum volume was scaled to a PWR upper plenum by adding on an extension
which also allowed the upper plenum discharge to be 4 ft above the top of the
heated length. The loop resistance coefficient was determined experimentally
so that the loop pressure drop per pound of saturated steam flowing in the
loop was similar to that of a typical PWR unbroken loop under locked rotor
conditions with superheated steam flowing from the steam generator inlet to
the break location. This resulted in a loop resistance coefficient, defined

/ G2

hot leg’ on the order of 30.

as K = 2psat APloop

The absence of a loop steam generator simulation means that the results are
typical of a PWR up to the time water is collected in the separator. The
effect of the storage of water in the steam generator inlet piping and lower
plenum and the possible vaporization of water in the steam generator tubes

were not simulated in this series of tests.

The coolant was injected directly into the top of the downcomer in the first

five 20 psia tests. It was found that the injection water condensed the steam
in the downcomer, dropping the downcomer pressure. Since the lower plenum had
been prefilled, the resulting pressure imbalance pushed the prefill water into
the downcomer, causing approximately 10 seconds delay in the start of reflood.
This particular phenomenon is a consequence of the testing method and geometry

and is not characteristic of a PWR. During a PWR blowdown, the accumulator ~
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water will flow around the barrel-vessel annulus, condensing some of the steam
generated by the core and begin to fill the reactor lower plenum. The accumu-
lator injection during the later stages of blowdown condenses much of the
residual steam remaining in the annulus. At the same time, the pressure in
the annulus drops to approximately containment pressure due to the close
proximity of the break. Thus, it was felt that the condensation effect
observed in the test, which resulted in a pressure above the downcomer fluid
approximately 1 psi lower than containment pressure, was not typical of

a PWR during reflood. The condensation phenomenon was partially eliminated

by moving the injection point below the level of the prefill water in the
downcomer. The injecting angle was perpendicular to the direction of flow

so that the effect of the injection water momentum was negligible. This
phenomenon will be studied further in Phase B tests where more than one injec-

tion location will be tested.

The nominal injection rates were determined from Figure 2-4 which shows
typical accumulator and pump injection rates for three loops of a four-loop
PWR, consistent with the assumed loss of broken loop ECC injection and
minimum safeguards flow rate. The high injection rate and its duration were

varied parametrically in the test series.

The power decay used in this series of tests, shown in Figure 2-5, is a result
of normalizing the curve shown in Figure 2-6 to the value at 30 seconds after
shutdown. The excellent agreement between the FEECHT—SET power decay and the

ANS standard including 20 percent uncertainty is also shown in Figure 2-6.

2.2 INSTRUMENTATION

Test section instrumentation used in these experiments was nearly identical

to that of the 10 x 10 FLECHT test section described in Reference 1. The
heater rod thermocouple locations are shown in Figure 2-7. It should be noted
that the heater rods used in this series of tests had extensive use in previous

tests. As a result some of the thermocouples failed as testing proceeded.

In Phase A the calculation of flooding rate, heat release, and effluent flow
rates (both liquid and vapor phases) were of primary importance. In additionm,

it was desirable to obtain knowledge of the mechanisms causing any oscillations
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that occurred. The placement of instrumentation was designed to provide the
required data. Figures 2-8 and 2-9 show the placement of the loop thermo-
couples and pressure transducers, respectively. Four additional differential
pressure transducers were added for runs with prefix numbers greater than or
equal to 39 when it became obvious that water was being stored in the upper
plenum extension. These transducers, shown as dashed lines in Figure 2-9,
were installed at the 10 ft and 11 ft-9 in. elevations on the test section
and at the 12 ft-7 in. and 15 ft elevations on the upper plenum extension.
The reference leg connection was moved from the 13 ft-6 in. location in the
upper plenum to the top of the upper plenum extension. The injection flow

rates were measured using two Brooks recording rotameters. The power supplied

to the bundle was measured by three Hall-Effect watt transducers.

2.3 TEST PROCEDURES

The coolant supply tanks were filled with demineralized water, and the water
was circulated as it was heated to the specified inlet conditions in order to
prevent stratification. The flow housing was heated to the initial temperature
profile as defined in Section 2.4. The downcomer and lower plenum were heated
to the specified coolant inlet temperature so that the coolant would not pick
up heat from pipe walls before entering the test section. The upper plenum,
hot leg, liquid separator, and containment tanks were heated to 20 degrees
above the saturation temperature in order to minimize heat transfer between

the fluid and the pipe walls. The 9 ft U-bend between the separator and con-
tainment tanks was heated to 500°F so that any unseparated droplets would be

vaporized before passing through the loop orifice.

When all temperatures were within preset tolerances (+20°F for wall temperature
and +10°F for fluid temperature), the heaters (except those on the 9-ft U-bend)
were turned off and the coolant injection tanks were pressurized with nitrogen.
The loop was then pressurized with steam to the desired pressure. While main-
taining the loop pressure constant, the lower plenum and downcomer were filled
with water to the bottom of the heated length. Power was then supplied to the
rods, and the rods were allowed to heat up until the desired initial temperature
was reached. At this time coolant injection and the decay of rod power were

initiated automatically. The coolant injection rate was normally stepped down
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after a preset time from a high injection rate to the lower injection rate.
The step in flow rate was accomplished by switching solenoid valves so that
a high head centrifugal pump, which supplied the difference between the high

and low flow rates, went into a bypass mode.
The tests were terminated using one of the following procedures:

1. By turning off power and the injection water immediately after
quenching of the upper elevations of the test section, as indicated

by the pen recorders.

2. By leaving the power and coolant injection flow on until the water

supply was depleted.

3. By turning off the injection flow sz:veral seconds after quenching
the test section and leaving the power on until the rod thermocouples

indicated rising temperatures in the upper elevations,

A VIDAR digital data acquisition system scanned heater rod and housing wall
thermocouple signals every 5.5 seconds during the test and stored the informa-
tion on magnetic tape. This was the only information which did not require
manual processing. Various pipe wall and fluid temperatures were recorded on
paper tape by a small Hewlett-Packard data acquisition system. Pressure and
pressure drop data were continuously recorded using two VISICORDERS and two
Texas Instrument pen recorders. The coolant injection rates, several critical
heater rod temperatures, and the power input to the three radial power zones

were also recorded on Texas Instrument pen recorders,

2.4 INITIAL HOUSING TEMPERATURE DISTRIBUTION

The same criterion was used to determine the initial housing temperature
profiles as in the FLECHT experiments described in Reference 2.

The situation is repeated here for completeness.

One can consider a unit cell around each heater rod having the dimensions of
the heater rod pitch (.563 in.). When this is done for all rods, the result
is a large 5.63 in. x 5.63 In. square. However, the test section inside
dimension is 5.889 in. and is the result of a design which made the hydraulic

radius of the flow channel near the wall equal to that of an interior flow
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channel. The result is an additional flow channel near the wall having the

same flow area as ~16.8 heater rod unit cells. 1In order to supply heat to

fluid in this channel, the housing was heated to a specified initial temperature
distribution. The housing temperature was chosen so that the housing releases
the same heat as an equivalent row of rods from the inlet elevation to the
midplane elevation over the time from the start of flooding to the quench of the

midplane. This criterion stated mathematically is:
6 ' 6
(DCA)housing / (Th - Tsat)dz = 16.8 %Z (piciAi)rOd/ (Tr - Tsat)initial dz
0 i 0

]
6 te' quench

+ '
g generated de dzs

The above equation results in an average housing temperature. The axial housing
temperature distribution was chosen to be the same as the heater rod axial

power distribution.

It was impossible to accurately predict the midplane quench time since the
variable flooding rate was not known before the test. Thus, an average flooding
rate was estimated and the midplane quench time was determined from the

correlation (TQGFT) in Reference 1.

More will be said about the effects of the flow housing on the test results

in later sections.



SECTION 3

DISCUSSION OF TEST RESULTS

3.1 GENERAL RESULTS

In the FLECHT-SET tests there was a dynamic coupling between flooding rate,
downcomer and test section heads, release rate, steam generation rate, and loop
pressure drop. In addition, the outlet flow rate did not change significantly
when the flooding rate changed rapidly, implying that there is a time delay
before the outlet flow rate is affected by a change in flooding rate.

The core and downcomer levels oscillated with a period of approximately 3

seconds during the initial portion of the reflood transient. As flooding
continued, the observed oscillations became smaller and ended before the midplane
quenched. The calculated time-averaged flooding rate showed that a large surge
of coolant entered the test section during the first 10 seconds. The calculated
average flooding rate then decreased to approximately 1 in./sec for 60 psia

tests.

The midplane heat transfer coefficients obtained in the tests were generally
higher than would be predicted by using the averaged flooding rate values

and the FLECHT correlations as given in Reference 1. The procedure used to
predict the heat transfer coefficient was to input the calculated instantaneous
flooding rate into the FLECHT correlation at a time determined by dividing

the total mass put into the bundle by the calculated inlet mass flow rate,

The entrained water did not appear in the separator tank (location of the
steam generator) until 100 to 200 seconds after the start of reflood. In
some cases the entire test section had quenched before any water collected
in the separator. Movies taken at the 9-foot elevation of the test section
show a large number of droplets moving upward ~ 5 seconds after the start

of injection and onward. Although the view through the window is restricted

to a small portion of the bundle cross section, droplets could not be observed



falling back into the bundle. The delay was caused by the storage of
entrained water in the upper plenum and upper plenum extension. The power
and flow were left on in several runs after the bundle had quenched, and it
was found that overflow from the test section continued as long as power was
on, Movies taken during such a run indicate the existence of a relatively
high void fraction (.6 to .8) in the bundle at the 9 ft elevation,

which was substantiated by axial pressure drop measurements,

3.1.1 Summary of Run Conditions and Test Results

Twenty-five tests were run during the FLECHT-SET Phase A series. The nominal
conditions and the parameter variations are shown in Table 3-1. Table 3-2
summarizes the exact run conditions,measured temperature behavior of the
hottest midplane rod,and measured loop resistance coefficient for each

valid run performed in this test series. Additional data for the runs are
included in Appendix A of this report. The parameters used to characterize

the test behavior are as follows:

1. Maximum Midplane Temperature. Defined as the maximum midplane

temperature recorded during the test.

2. Turnaround Time, Defined as the time after the start of flooding

at which the maximum midplane temperature was recorded.

3. Midplane Quench Time, Defined as the time after the start of
flooding at which the temperature of the hottest midplane rod starts

to drop very rapidly.

4. Loop Resistance Coefficient. Defined as the nondimensional number
obtained by dividing the loop pressure drop by the dynamic head of
saturated steam flowing through the hot leg at a time before a

two-phase mixture flow through the hot leg, i.e.,

Ap 0
K = _—loop - Kh + sat < + K + ok
(1/20v%) ot = P o1a] cold pump downcomer
hot leg leg ~break
leg(sat) eg

test PWR
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TABLE 3-1

NOMINAL RUN CONDITIONS AND PARAMETER VARIATIONS

Containment Pressure (psia)
Peak Power (kw/ft)

Initial Peak Clad Temp (°F)
Coolant Injection Temp (°F)

Injection Rate (lb/sec)

Nominal

20 and 60
0.7

1100

150

12 for first

14 sec and
1.4 after 14 sec

3-3

Variation

40

0.4, 1.0

700, 900, 1400

200

6 for first 28 sec,

1.4 after 28 sec,
and 1.4 continuous
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TABLE 3-2

FLECHT-SET PHASE A DATA SUMMARY

Coolant Inj.
Temp (°F)

164

168
16l

i63
161
160
157
156

163

160
159

195
thl

201

Average
Housing
Temp (°F)

454

443
199

567

499

196

509

299

Injection
Rate
{1b/sec)

10.44 firse 14 sec
1,37 after 14 sec
1,32 continuous

9.63 first 14 sec
1,36 after 1« sec

12,91 first 14 sec
1,65 after 14 sec

10,4 first 14 sec
1.38 after 14 sec

12,12 first 14 sec
1.19 after 14 sec

5.7 first 28 sec
1.23 after 28 sec

9.83 tirst lu4 sec
1.2% atter 28 sec

11.0 tirst 14 sec
1,16 after l4 sec

10,10 first 14 sec
1.2 atter 14 sec

1.17 continuous

11,22 first la sec
1,10 atter L4 sec
11,50 first 14 sec
1,17 atter 14 sec
11,78 tirst 14 sec
1,20 after 14 sec
12,0 first 14 sec
1.3 after 14 sec
10.99 first 14 sec
1,4 atter 14 sec
9.70 tirst 14 sec
1.2 afrer la sec
10,9 tirst 14 sec
1.2 atter 14 ser
8.8 first 13 sec
1,2 after 14 sec
10,7 rirst 1 sec
1,2 after la sec
10,32 first 14 gec
1.19 after 14 sec
9.0 first 14 sec
1.2 atter 14 sec
10,2 tirst 1a sev
LolY after 14 sec
Lol tirst 14 se.
1.1% atter 1a ser
lucd tirse 1 ses
125 atter lu se.

Midplane
Max. Midplane Turnaround Quench Time
Temp. (°F) Time (sec) (sec)
1279 (4G) 4l 115
1581 (4G) 83 188
1150 (5G) 12 93
1580 (4G) 104 202
1278 (4G) 4] 11l
1489 (4G) 107 270
1551 (4G) 136 322
1769 (46) 120 373
1170 (4G) 40 195
1476 (4G) 122 289
1816 (4G) 139 439
1437 (5G) 133 281
1451 (5G) llh 108
1857 (5G) 149 627
1167 (5G) 20 96
1433 (56) 7 133
1163 (5G) 3 83
1164 (5G) 9 77
1224 (56) 3k 129
877 (5G) 27 6o
1167 (5G) 19 97
1172 (56) 10 90
1156 (5G) 3 bt
1160 (360 12 89
L1159 (3G 7 1l

lLoop Resis.
Coef.
TB/(L/2 et

30

3

33

13
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Max Bundle lemp at 8' = 1913" ar
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3.2 DISCUSSION OF CALCULATION METHODS

The local heat flux from the heater rods was calculated from the heater rod
thermocouple data using the DATAR code, DATAR is the inverse heat conduction
code which has been used satisfactorily throughout the FLECHT program.

A complete description of DATAR can be found in Reference 3.

The varying flooding rate into the test section was calculated from a mass
balance on the downcomer and downcomer overflow tanks. This can be written

as:
M = t o dt = t m . dt - (t) - M_(t)
input A input A inj MD ¢}

where &inj is the injection mass flow rate to the downcomer and MD and MO
are the masses of water stored in the downcomer and downcomer overflow tanks,
respectively. The flooding rate was obtained from the time rate of change

of the mass put into the test section (Mi ). The injection mass flow

rates were determined from the pen recordzgutrace of the output of the two
Brooks Rotameters, Water in the downcomer overflowed into a small diameter
tank when the water level reached 16 feet above the elevation of the bottom
of the heated length. The mass in the tank was determined as a function of
time from the output of a differential pressure transducer installed for this
purpose., The mass in the downcomer was calculated using the output of a
differential pressure transducer which measured the pressure difference
between the bottom (elevation of the bottom of the heated length) and top of
the downcomer, It should be noted that the pressure differemnce cannot be
related exactly to the mass of water in the downcomer if the water level is
oscillating. This dilemma was caused by the fluid acceleration during the
oscillations and can be illustrated using a simple example. Consider the
column of water shown in Figure 3-1. The pressure drop measured by the
transducer (ignoring friction) is

du

b = pgh, + oh, G

where ha is the actual water level and u is the upward velocity of the

fluid in the downcomer.
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Suppose the actual oscillating water level (ha) can be represented by

h =h + 6 sin wt
a a

where § and w are the amplitude and frequency of the oscillating water level.

It can be shown that the pressure transducer would indicate a height of water

(hI) given by

h, == = h (l—%sinwt)

Thus, in order to determine the water level one must measure the time varying

fluid acceleration as well as the pressure drop.

The'quantity § mzlg is on the order of 0.2 and is the ratio of the maximum fluid
acceleration to gravitational acceleration, The above equation shows that a
rising pressure difference may be caused by a falling water level. It was for
this reason that the instantaneous flooding rate could not be calculated using
this technique during the period of the oscillations. The flooding rates
presented were obtained by estimating the mean downcomer elevation (ﬁa) during
the period of the oscillations. There is a small error involved in determining
the mean downcomer elevation from the mean of the downcomer head measurement.
Depending on how one determines the mean downcomer head, the error is on the

order of 0.15 ft to 0,3 ft of water.

The varying steam flow rate out of the test section was measured from the
pressure drop across a calibrated orifice downstream of the liquid separator.
The piping downstream of the separator was heated to ~ 500°F before the test,
and the heaters were left on during the test to ensure single-phase flow
through the orifice., The pressure and temperature of the steam were measured
upstream of the orifice in order to determine the steam density. Although the
flow was pulsating through the orifice during the period of the oscillatioms,
steady-state methods could be used to measure the mass flow rate because

the Strouhal number based on orifice diameter was on the order of 0.0003,

which is small enough so that the effect of fluid unsteadiness through the



orifice could be ignored. The mean mass flow rates presented were determined
using the mean pressure drop across the orifice, resulting in an insignificant

error (less than 1 percent) during the period of the oscillations.

The mass stored in the test section was calculated using the test section
axial pressure drop data. The pressure drop was assumed to consist only of
static head. This implies that friction and acceleration effects were
negligible. The error resulting from this assumption can be estimated by

considering the pressure drop across a typical 2 ft section:

bp = Apliquid + Apvapor + Apmom + Apfric

The first two terms can be no bigger than their single-phase values, or

Apliquid < 0.83 psi

Apvapor < 0.002 psi

The third term can be estimated from the change in quality in the section due

to heat release, or

bp. % G2 Av _mg fg 2,002 psi
mom 2 h
A fg

when Q = 100 Btu/sec, and m = 1.5 lb/sec, which are typical maximum values.
The fourth term can be estimated assuming that all of the generated steam

passes through the bundle at some peint, This results in

2 z .
APfric =2 Cf pv- L/D ~ 0,02 psi

where it was assumed that:

Z 0.4 1b/sec
vapor

o Z 0.05 1b/ft

D = 0,54 in, (hydraulic diameter of a unit cell)
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which are typical values for a 20 psia run. Since the data could not be read
closer than v 0.1 psia, which is greater than all the above terms except the

liquid static head, it was felt that the remaining terms could be neglected.

3.3 PRESENTATION AND ANALYSIS OF SELECTED RUNS

The data from two of the twenty-five runs presented in Appendix A are examined
in detail in this section. The two runs selected were chosen on the basis of
having conditions as close to the nominal conditions as possible and having the

least instrumentation difficulties,

It was evident from the data that there is a strong coupling between flooding
rate, downcomer head, heat release, steam generation, and loop pressure drop.
The change in downcomer liquid level, along with injection rate, determines
the flooding rate. The bundle flooding rate, in a complex way, determines

the heat release and the steam generation rate. The downcomer head, in turn,
is determined by the loop pressure drop caused by the venting of the generated
steam through the loop flow resistance, the static head of fluid stored in the
test section, and the injection rate, The rate at which steam is generated
early in the reflood of the bundle is sufficient to drive liquid level oscilla-
tions in the core and downcomer. Thus, during this period the flooding rate
into the bundle oscillates on the order of + 40 inches per second (peak to
peak) while the time average flooding rate first increases to 5 or 6 in./sec
and then, after v 10 seconds, decreases to 1 or 2 in./sec. The oscillations

diminish with time and generally stop by the time the midplane has quenched.

3.3.1 Data Analysis for Run 4923
The following conditions pertain to Run 4923:

Containment Pressure = 61 psia
Initial Clad Temperature = 1111°F (5G)
Peak Power = 0.7 kw/ft

Coolant Injection Temperature = 158°F



Injection Flow Rate = 10.52 lb/sec, first 14 sec
1.19 1b/sec, after 14 sec

This run was conducted at the ''mominal” conditions with a 60 psia containment
pressure. The loop resistance coefficient based on saturated vapor following

in the hot leg was v 31, which is typical of a PWR under locked rotor conditions.

3.3.1.1 General Observations

Visicorder traces of the test section pressure drop indicated that at ~ 2
seconds after flooding the core level reached ~ 1,2 ft and then dropped
slightly, indicating that steam generation had started. Large oscillations

in core and downcomer liquid levels started shortly aftefward. Movies taken

at the 9 ft elevation show sheets of water droplets passing the window with a
period of + 3 seconds. Visicorder traces of the upper plenum extension pressure
drop indicate that the entrained water reached that elevation during the period of
the high injection rate and that entrained water started collecting in the

upper plenum extension after the first 20 seconds. Visicorder traces of the
test section pressure drop and the movie indicate that the oscillations ended

50 seconds after the start of flood. Shortly after the oscillations ended

the flow regime at the 9 ft window appeared to change from dispersed droplet
flow to a churn-like flow. The flow regime remained churn-like until the

end of the test.

3.3.1.2 Mass Balance

The mass balance for Run 4923 is shown in Figure 3-2. It shows the time-
varying mass storage in the bundle, upper plenum extension, and separator
tanks., The upper plenum was not sufficiently instrumented to determine the
time-varying mass storage in the upper plenum, but it was found that 11
pounds of water were required to fill the spaces between the filler plate

in the upper plenum annulus, and it was assumed that these spaces were filled
by the time water started accumulating in the upper plenum extension. Also
shown in Figure 3-2 is the time integral of the vapor mass flow rate as

calculated from the orifice pressure drop, pressure, and temperature data.
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Figure 3-2. Mass Balance for Run 4923
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These five quantities were added together and compared to the calculated
bundle input mass which was obtained from a mass balance on the downcomer

and downcomer overflow tanks. At the end of the test it was found that

5 pounds of water had collected in the steam probe tank. This quantity

was added to the mass balance at the end of the test. When the power and

flow were turned off at the end of the test, the steam flow stopped, the

voids collapsed, and the water held up in the upper plenum extension and upper
plenum drained down into the bundle. The bundle overflowed into the upper
plenum. Within experimental accuracy, the total mass in the bundle and upper
plenum after the test was nearly the same as the mass in the bundle and

upper plenum extension just before the end of the test. This indicates that
there was very little mass accumulation, except for the 11 pounds between the
filter plates, in the upper plenum during the test. This was not expected and
is not completely understood. An effort will be made in Phase B to better

understand this behavior.

3.3.1.3 Flooding Rate

The flooding rate was determined from a mass balance on the downcomer as
described in Section 3.2. Thus, when the downcomer water level rises,

remains unchanged, or falls, the flooding rate into the bundle is less than,
equal to, or greater than the injection flow rate, respectively. The mass
stored in the downcomer was determined from the pressure drop measurement shown
in Figure 3-3 which is a reduced tracing of the pen recorder data. During
the oscillations the mean downcomer head, indicated by a dashed

line in Figure 3-3, was used to determine the average flooding rate. The
oscillations can be seen to grow in amplitude to ~ + 1 psi and then decay
slowly to zero at v 55 seconds after flood. The period of the oscillation
was & 3 seconds. The calculated average flooding rate is shown in Figure 3-4.
To better understand the fluctuating flooding rate, refer to the pressure

drop data shown in Figure 3-5, It is the pressure drop from the bottom of

the downcomer to the containment which determines the downcomer level and,

in turn, the flooding rate.
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Figure 3-5 shows that the downcomer and the test section filled at a fairly
rapid rate initially resulting in a flooding rate of ~ 4,8 in./sec. The loop
pressure drop, which is proportional to the square of the steam flow rate,
increased rapidly after the first 2 seconds, reaching a maximum at v 14 seconds
when the high injection rate ended. Prior to the termination of the high
injection rate the calculated flooding rate began decreasing because of the
rising loop pressure drop. When the high injection rate ended, the loop
pressure drop was sufficient to limit the flooding rate to a value lower
than the injection rate and the downcomer level continued to rise slightly.
Figure 3-5 further shows that the water inventory in the bundle began to
decrease when the flooding rate decreased, and some of the water was either
vaporized or entrained and carried out of the bundle. This combination of
events yielded a higher AH (downcomer head - bundle head) and therefore a
higher flooding rate which stopped the downcomer level increase. The
increased flooding rate introduced colder water in the bundle and reduced
steam generation. Thus, the loop pressure drop decreased and the water
inventory in the bundle increased again as the flooding rate increased to

4 3 in,/sec. During this time the entrained water carried out of the bundle
began to collect in the upper plenum extension and the downcomer water level
dropped. The increasing test section pressure drop and decreasing downcomer
driving force eventually reduced the flooding rate., During the same time
period the vapor flow rate increased as noted by the rise in loop pressure
drop at 40 seconds, and the accumulation rate of water in the upper plenum
extension decreased. A possible reason for this is that during a transient
when the flooding rate decreases voids may form below the quench as the
saturation point moves down resulting in more steam generation between the
quench front and the saturation point. Thus, for a time the steam flow

rate would increase. However, the quench front velocity would eventually
slow down and rod-stored energy would be removed at a slower rate, reducing
the steam flow rate. When the transient resulted in an increasing flooding
rate, the voids below the quench front would collapse resulting in less

steam generation,
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In addition, subcooled droplets could be entrained resulting in less steam
generation above the quench front. Eventually, however, the quench front
velocity would increase, resulting in an increased heat release rate, and

the steam flow rate would increase., Thus, during a transient in flooding
rate, the steam generation rate first tends to drive the transient in the same
direction and then opposes it. This model explains the oscillating behavior
of the flooding rate in this and other gravity feed tests,

3.3.1.4 Entrainment

The liquid and vapor mass flow rates out of the test section were measured

from the fill-up rate of the liquid separator tank and the pressure drop

across the loop orifice. It was not possible to measure the instantaneous
liquid flow rate leaving the test section because of the location and

geometry of the collection tank., It was also noted previously that during a
flooding rate transient the vapor flow rate generally decreased as the flooding
rate increased, as shown in Figure 3-6. The bundle mass accumulation rate is
also shown in Figure 3-6 and was determined from the bundle pressure drop
measurements, It can be seen that the bundle mass accumulation rate generally

follows the same trends as the flooding rate.

The mass effluent rate fraction was determined using two methods and the
results are shown in Figure 3-7. The first method used was to determine

the ratio of the instantaneous test section effluent mass flow rate (liquid
plus vapor) to the instantaneous calculated test section inlet mass flow
rate., The second method used was to determine the ratio of the bundle
effluent mass flow rate, as determined from a mass balance on the bundle, to
the instantaneous test section inlet mass flow rate. Within experimental
accuracy the results of the two methods differ by the ratio of the mass
accumulation rate in the upper plenum and upper plenum extension to the

test section inlet mass flow rate, It can be seen in Figure 3-7 that results
of both methods fluctuate considerably as the flooding rate fluctuates.

The results of the two methods are also seen to be quite different from 50
to 150 seconds, which is the time period during which mass is accumulating
in the upper plenum extension, as shown in Figure 3-5, It can be seen that

the average mass effluent rate fraction, calculated from the test section
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effluent mass flow rate, up to the time of the midplane quench (v 100 sec)
is quite low (v ,5) as compared to FLECHT results. This difference was
primarily caused by the fact that no liquid effluent was collected until
after the midplane quench. The mass effluent fraction calculated using the
bundle effluent flow rate could not be determined accurately during the

period of the oscillations.

Since the ratio of mass effluent flow rate to inlet flow rate is difficult
to interpret when the inlet flow rate varies as much as shown in Figure 3-6,
the mass effluent fraction is also presented as the ratio of total mass
effluent to total test section mass input, i.e.,

t

(o} meffluent

t -
f ®f1ood 9F
(o]

There are two ways to define this fraction, depending on whether one is
interested in the flow out of the test section or out of the bundle, the
difference being the mass stored in the upper plenum and upper plenum extension.,
The total mass effluent fraction is shown in Figure 3-8 calculated both ways.
The fraction of the input flow which passed out of the bundle was calculated

from a mass balance on the bundle, i.e.,

(mout ) _ minput mremaining in bundle

m, bundle m,
input input

The fraction which passed through the loop was calculated from the sum of the

mass collected in the separator tank and the integral of the vapor flow rate,
t

i.e.,
n mliquid +;/F mvapor de
( out ) _ collected 0
minput Loop minput

3.3.1.5 Quench Front and Test Section Axial Pressure Drop Data

The heater rod temperature quench front envelope is shown in Figure 3-9.
The midplane quenched at ~ 100 seconds after flood. The quench "fronts"

moved toward the center of the bundle from the top and bottom. The lower
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quench front moved up rapidly, quenching the 2-foot elevation by 7 seconds
after flood, when it slowed to ~ .4 in./sec. The upper quench "front" moved
down to the 10 ft elevation very quickly, but the scatter in 10-ft quench
times indicates quenching over a 50-second interval. The upper elevations
of the bundle are cooled by the steam flow and entrained droplets generated
at the lower elevation of the bundle. It is also possible that the upper
elevations of the rods are quenched by a falling film of water, making the
term sputtering front perhaps more descriptive than quench front at the

upper elevations of the bundle.

The test section axial pressure drop data are shown in Figure 3-10. The
average void fraction between two axial pressure taps was determined from the
pressure drop between those two points as shown in Figure 3-11. The quench
front elevation is shown on the samé plot and one can get an idea of the
void fraction at the quench elevation, After the oscillations ended the
quench front below 6 ft nearly coincided with the .25 void fraction curve.
The void fraction at higher elevations at the time of quench increased with
elevation as shown in Figure 3-11, It can also be seen that the zero void
fraction elevation did not advance beyond the midplane of the bundle even
after the bundle had completely quenched. This is to be expected because the
decay heat being removed by the subcooled inlet water raises the temperature
of the coolant as it proceeds up the bundle. The flooding rate, inlet
subcooling, and decay heat are sufficient to cause boiling to occur near

the midplane.

3.3.1.6 Rod Temperature and Heat Transfer Coefficient Behavior

The clad temperature and heat transfer coefficients for the 2, 4, 6, 8 and.
10 ft elevations of typical high-power heater rods are shown in Figures 3-12
and 3-13. The FLECHT correlation described in Reference 1 was used to
predict the midplane heat transfer coefficient using the technique described
in Section 3.1, As can be seen in Figure 3-14 the predicted heat transfer

coefficient is generally lower than the measured data.
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3.3.1.7 Fluid Temperatures at Various Points in the System

The test section inlet and outlet fluld temperature measurements are shown
in Figure 3-15. It can be seen that the coolant supply temperature was
relatively constant at 158°F. The fluid in the lower plenum flowed in and
out of the bundle during the oscillations, which account for the high
measured lower plenum fluid temperature during the first 60 seconds. As
soon as the oscillations stopped, the hot water was displaced by the colder
water in the downcomer, and the lower plenum fluid temperature dropped

steadily to the temperature of the injection water.

The fluid temperature at the hot leg inlet is also shown in Figure 3-15. The
initially high fluid temperature measurement was due to the discharge

of the superheated steam which filled the bundle prior to the start of flood.
Ten seconds after the start of flood the exhaust fluid temperature started
dropping. After 50 seconds the exhaust fluid temperature was nearly equal

to the local saturation temperature indicated as a broken line in Figure 3-15.

The fluid temperature upstream of the loop orifice is shown in Figure 3-16,
The piping between the liquid separator tank and the loop orifice was heated
to a high temperature before the test, In addition, the heaters were left

on during the test so that any unseparated droplets would be vaporized before
flowing through the orifice and a meaningful mass flow rate could be obtained
from the pressure drop across the orifice. It can be seen in Figure 3-16
that the measured fluid temperature upstream of the orifice did indicate

superheated steam flowing through the orifice.

3.3.1.8 Housing Behavior

The housing temperature data are shown in Figure 3-17. The initial housing
temperature profile was chosen assuming that the midplane would quench at

v~ 120 sec. Since the midplane quenched at 100 sec, the initial average
housing temperature was Vv 20°F too high using the criterion described in
Section 2.4, As can be seen in Figure 3-17, the lower elevations of the
housing cooled very quickly dufiﬁg the oscillations. This was a result

of the housing temperature being below the wetting temperature. During the

oscillations the water level rose quite high into the test section, resulting
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in very high heat transfer rates at the housing walls and subsequent rapid
cooling of the housing. It can also be seen in Figure 3~17 that the lower

6 feet of the housing shows the effect of the subcooled inlet water, At

v 300 seconds after flood the housing temperature is a few degrees above the
temperature of the inlet water at the inlet and rises to the saturation

temperature just above the midplane of the bundle.

3.3.1.9 Energy Balance

An overall energy balance was performed using the measured mass flow rates
and mass storage, the energy inputs from the stored energy in the heater
rods and housing walls, and the input electrical energy from the heater
rods for the duration of the test (300 sec). The result of the overall
energy balance was quite good, being off by only 2 percent, verifying

the accuracy of the data.
The results of the energy balance are summarized as follows:

1., Stored Energy Released by Heater Rods
12

_ 4
n}i: piCiAi '/; (Ti - Tf)r dz = 2.3 x 10" Btu

where n is the number of heater rods, piCiAi is the product of
the density, specific heat, and cross-sectional area of a portion
of the heater rod and (Ti - Tf)r is the difference between the

initial and final rod temperatures.

2, Stored Energy Released by the Housing

12
4
phChAh JC (Ti - Tf)h dz = 1.5 x 10 Btu

where phChAh is the product of the density, specific heat,
and cross-sectional area of the housing and (Ti - Tf)h is the

difference between the initial and final housing temperatures.
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Energy Input from Decay Heat

® Qrax 4
—Ejif;—ijgg— x L x I(t) = 8.5 x 10 Btu at 300 sec
where n is the number of heater rods, Q;ax is the initial
peak heat flux, L is the heater rod length, I(t) is the
integral of the power decay curve, and 1.1 x 1,66 is the product

of the radial and axial power factors.

Energy Input from Coolant

- 4
minput X hcoolant = 4.9 x 10" Btu at 300 sec

where minput is the total mass put into the test section over the

duration of the test and h is the enthalpy of the injected
coolant

coolant,

Energy Carried Away by Steam

m x h =9.0x 104 Btu
vapor g

where mVapor is the total mass of vapor discharged from the bundle

and hg is the enthalpy of saturated vapor.

Energy Carried Away by the Liquid

x h, = 4,0 x 104 Btu

™iquid £
collected
where m,, is the mass of liquid collected in the separator
liquid
collected

tanks at the end of the test and hf is the enthalpy of saturated

liquid.
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7. Stored Energy of Fluid Remaining in the Test Section

. 4
mliquid X hf ~ 3.8 x 10" Btu

stored

where mliquid is the water stored in the test section, upper
stored
plenum, and steam probe tank at the end of the test and hf is

the enthalpy of saturated liquid.

8. Energy Balance

Total energy input 17.2 x 104 Btu
Total energy stored or carried away 16.8 x 104 Btu

Percent error +27%

3.3.2 Data Analysis for Run 2919

The following conditions pertain to Run 2919:

Containment Pressure 20 psia
Initial Clad Temperature 912°F
Peak Power 0.7 kw/ft

Coolant Injection Temperature 153°F
Injection Flow Rate 10.1 1b/sec,first 14 sec
1.2 1b/sec,after 14 sec

Run 2919 was chosen for presentation in lieu of the nominal 20 psia run
(2207) since two of the housing differential pressure transducers were not
functioning properly during Run 2207. There was little difference between
the two runs other than a 200°F lower initial clad temperature for Run 2919,
The maximum clad temperatures reached during both runs were nearly the same,
This is to be expected because the heat transfer coefficients were about the
same and the required temperature difference to get the heat removal rate

equal to the heat generation rate is about the same.

The calculated loop resistance coefficient based on saturated steam flowing
in the hot leg was ~ 33 which is typical of a PWR during reflood, assuming

the pump rotor was locked.
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3.3.2.1 General Observations

Visicorder traces of the bundle pressure drop indicated that the bundle filled
to ™~ 0.9 ft. before the bundle level dropped slightly, indicating that steam
generation had started. Large oscillations in the core and downcomer liquid
levels started shortly afterward with a period of v 3 seconds. The water in
the downcomer started overflowing during the oscillations after ~ 40 seconds.
Water in the downcomer continued to overflow for the first 320 seconds although
the overflow rate decreased after + 230 seconds. After 320 seconds the down-
comer water level decreased since the flooding rate was generally greater than
the injection rate into the downcomer. This was caused by a reduction in

steam generation rate because the test section housing had quenched.

3.3.2.2 Mass Balance

The result of a mass balance on the test section is shown in Figure 3-18,
which consists of 5 curves. The excellent agreement between the calculated’
mass put into the test section and the sum of the masses of fluid either
stored in or discharged from the system confirms the accuracy of the
measurements. The mass put into the system was calculated from a mass balance
on the fluid in the downcomer and downcomer overflow tanks. The mass dis-
charged from the system was obtained from the integral of the measured vapor
mass flow rate and the measured accumulation of water in the separator tank.
The mass stored in the bundle was determined from the housing axial pressure
drop measurement, Since there were no test section pressure drops measured
above the 8 ft.elevation, the mass stored in the upper plenum and upper plenum
extension was determined after the end of the test when the water, which had
been held up by the steam flow, drained back into the bundle. This amount of
water (% 34 1b) was accounted for at the end of the test. Similarly, the

mass stored between the plate filling the upper plenum annulus (11 1b) and
that extracted and stored in the steam probe tanks (7 1b) were accounted for
at the end of the test. Figure 3-18 also shows that no water was collected

in the separator tank until v 250 seconds after flood.
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3.3.2.3 Flooding Rate

The flooding rate was determined from a mass balance on the fluid in the
downcomer and downcomer overflow tank as described in Section 3.2, Thus,
when the storage of water in the downcomer and downcomer overflow tank
increases, decreases, or remains unchanged, the flooding rate is less than,
greater than, or equal to the injection rate into the downcomer, respectively.
The mass stored in the downcomer was determined from the downcomer pressure
drop measurement shown in Figure 3-19, which is a reduced tracing of a
portion of the pen recorder data. During the oscillations, which had a
period of v 3 seconds and lasted until ~ 155 seconds after flood, the mean
downcomer head, indicated by a dashed line in Figure 3-19, was used

to determine the average flooding rate, When water was overflowing the
downcomer, the overflow rate was determined from the accumulation rate of
water in the overflow tank shown in Figure 3-20. The calculated average flooding
rate 1s shown in Figure 3-21. The flooding rate increased to almost 3 in./sec
during the period of the high injection rate, after which it decreased to

~ 0.7 in./sec. The flooding rate increased again at " 220 seconds to

A 2 in./sec and then began fluctuating between 2,7 in./sec and 1.7 in./sec.

To understand the flooding rate behavior, refer to the pressure drop data
shown in Figure 3-22, 1If the bundle and loop pressure drops are subtracted
from the downcomer pressure drop, the result is a pressure drop equal to the
sum of the pressure drop across the upper plenum extension and the pressure
drop from the top of the downcomer to the containment tank., As can be seen
in Figure 3-22, the resulting pressure drop is approximately 1.4 psi initially,
but after 230 sec reduced to » 0,65 psi and remained relatively constant for
the remainder of the test, A possible cause of the large initial pressure
drop is the condensation of steam in the downcomer overflow tank which is
vented to the containment tank, as shown in Figure 2-1, by a 1 inch pipe.

When the water in the downcomer overflowed into the overflow tank, a large
surface area of subcooled water was exposed to the steam in the tank. The
steam apparantly condensed, causing a local decrease in pressure and a flow
of steam from the containment tank to the overflow tank. The flow resistance
in the small vent pipe was sufficient to result in the large pressure drop

shown in Figure 3-22, As shown in Figure 3-20, the overflow rate decreased
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after + 230 seconds, which was the same time that the condensation rate and
the pressure drop between the downcomer and containment tank decreased.
Since the pressure drop between the bottom of the downcomer and the contain-
ment tank increased, the flooding rate increased rapidly as shown in

Figure 3-21., This phenomenon is certainly not typical of a PWR since the
unbroken loops in a PWR discharge through the downcomer to the containment,
resulting in a small positive pressure drop from the downcomer to the
containment. Since the driving force during reflood is the pressure drop
from the bottom of the downcomer to the containment, the 1.4 psi pressure drop
from the containment to the top of the downcomer caused by the condensation
resulted in a 20 percent decrease in driving head. The reduction in driving
head certainly reduced the flooding rate and slowed the rise of the quench
front. It is estimated that the flooding rate would have been " 15 percent

higher if the condensation had not occurred.

The pressure drop discussed above decreased to ~ 0.65 psi after 230 sec

and remained relatively constant throughout the remainder of the run. This
pressure drop was caused by the pressure drop across the upper plenum
extension and is consistent with results obtained after additional differential
pressure transducers were installed on the upper plenum extension. The
pressure difference at the end of the run corresponds to ~ 33 pounds of water
being stored in the upper plenum extension. This is nearly the same amount
which drained back into the bundle after the power was turned off and indicates
that very little water collected in the upper plenum during the run except

for the 11 pounds of water which filled the spaces between the filler plate

in the upper plenum annulus. This is consistent with results discussed in

Section 3.3.1.

As shown in Figure 3-21, the flooding rate fluctuated between 1.7 in./sec and
2.7 in./sec from 350 seconds to the end of the test., The fluctuations can be
explained by referring to the pressure drop data shown in Figures 3-22 and
3-23. At 370 seconds after flood the temperature quench front is estimated
to be near the 7 ft elevation., An energy balance on the lower part of the
bundle indicates that at this time the inlet water reaches the saturation
temperature approximately 2 feet below the quench front. Thus, steam was

being generated from the 5 foot elevation to the top of the bundle, A
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perturbation resulting in an increase in flooding rate collapses the voids

at the boiling front and the boiling front moves upward. Thus, less of the
energy removed from the core results in steam generation. Since the steam
generation rate decreases, the loop pressure drop decreases as can be seen

in Figure 3-22 at ~370 sec. As the driving head (the downcomer pressure drop
minus the test section pressure drop) decreases, the flooding rate decreases

and the boiling front moves down in the bundle. The mass of water in the bundle
decreases as some of it is vaporized and some is entrained and carried out

of the test section. This phenomenen has been observed in many two-phase flow

systems and is commonly called a density wave oscillation.

3.3.2.4 Entrainment

The liquid and vapor mass flow rates out of the test section were measured
from the fill up rate of the liquid separator tank and the pressure drop
across the loop orifice, respectively. It was not possible to measure the
instantaneous liquid flow rate from the test section because of the geometry
of the separator tank. Thus, the measured liquid flow rate does not reflect
the instantaneous flooding rate when the flooding rate fluctuates as shown
in Figure 3~24, 1In addition, the vapor flow rate is rather insensitive

to the flooding rate changes; in fact it decreases slightly as the flooding

rate increases as discussed previously.

The mass effluent rate fraction was determined using two different methods;

the results are shown in Figure 3-25. The first method used was to determine
the ratio of total measured test section effluent mass flow rate (liquid

plus vapor) to the test section inlet mass flow rate., The second method used
was to perform a mass balance on the bundle to determine the mass flow rate out

of the bundle from the difference between the inlet flow rate and the bundle
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mass accumulation rate as calculated from the bundle pressure drop measurements,
Within experimental accuracy, the two methods differ only by the mass
accumulation rate in the upper plenum and upper plenum extension to the test
section inlet mass flow rate. As shown in Figure 3-25 the two methods

reveal the same trends. Generally, the second method results in higher mass
effluent fractions, indicating a predominantly positive accumulation rate in
the upper plenum and upper plenum extension. It is also noted that late in

the transient the second method indicates mass effluent fractions greater

than one. This occurs after 350 seconds when the test section mass decreases

during the flooding rate fluctuations.

The average mass effluent fraction obtained by the second method prior to the
midplane quench is typical of results obtained in the FLECHT experiments.

The average effluent fraction obtained by the first method prior to the
midplane quench is considerably lower (™~ 10 percent) than the FLECHT results

and reflects the mass storage in the upper plenum volume.

Since the mass effluent fraction based on flow rates fluctuates as shown in
Figure 3-25, the data are also presented in Figure 3-26 as the ratio of

the total mass effluent to the total test section mass input. The total mass
effluent fraction was also calculated using two methods. The first method

was to determine the ratio of the total test section mass effluent (liquid

and vapor) to the total test section mass input. The second method was to
determine the ratio of the total bundle mass effluent from a mass balance

on the bundle, to the total test section mass input. Within experimental
accuracy, the difference between the two methods is the ratio of the mass
stored in the upper plenum and upper plenum extension to the total test section

mass input,

3.3.2.5 Quench Front and Test Section Axial Pressure Drop Data

The heater rod temperature quench front envelope is shown in Figure 3-27.

The midplane quenched at + 385 seconds after flood and the quench "fronts"

moved toward the center of the bundle from the top and bottom. The lower quench
front moved up rapidly quenching the 2 ft elevation by 11 seconds after

flood when it slowed to ~ 0.14 in./sec. The quench front velocity remained
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relatively constant until the midplane quenched, after which it increased
slightly to ~ 0.2 in./sec. Thermocouples at the 8 ft elevation were the

last to quench, Thé upper quench front, or sputtering front, moved down

to the 10 ft elevation very quickly for some rods, but the 10 ft quench

times were scattered over a 300 second time interval. A possible cause of this
is that the upper elevations of the rods are quenched by steam and randomly
dispersed droplets, resulting in considerable rod to rod variation in heat

transfer coefficient.

The bundle axial pressure drop data, shown in Figure 3-23, were used to
calculate the average void fraction between two axial pressure taps. The
results are shown in Figure 3-28, along with the quench front elevation and
the void fraction distribution relative to the quench front position. It
can be seen that the void fraction at the quench front elevation was on the
order of 0.7 for approximately the first 230 seconds. These results are similar
to the FLECHT constant flooding rate tests described in Reference 2 for
similar conditions. When the flooding rate increased after ~ 230 seconds,
the void fraction at the quench front decreased to ~ 0.5 as shown. It can
be seen that the zero void fraction elevation never advanced past the

6 ft elevafion and moved up and down during the period the flooding rate
fluctuated, causing the fluctuation in the boiling front elevation. An
energy balance on the coolant flowing into the bundle also predicts that the
coolant will be heated to the saturation temperature just below the midplane
of the bundle,

3.3.2.6 Rod Temperature and Heat Transfer Coefficient Behavior

The clad temperature and heat transfer coefficients for the 2 ft, 4 ft, 6 ft,
8 ft, and 10 ft elevations of typical high power heater rods are shown in
Figure 3-29, The FLECHT correlation described in Reference 1 was used to
predict the midplane heat transfer coefficient by the technique described
in Section 3.1. As can be seen in Figure 3-30, the data show significant
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margin over the predicted heat transfer coefficient. At the time of the
6 ft turnaround the measured heat transfer coefficient is ~ 50 percent higher

than the predicted heat transfer coefficient,

3.3.2.7 Fluid Temperatures at Various Points in the System

The test section inlet and outlet fluid temperatures are shown in Figure 3-31.
The coolant supply temperature was relatively constant at 153°F, The fluid
in the lower plenum flowed in and out of the bundle during the oscillations,
which accounts for the high measured fluid temperature during this period.

As the amplitude of the oscillations decreased, the lower plenum fluid
temperature decreased and eventually became equal to the coolant injection

temperature.

The fluid temperature at the hot leg inlet is also shown in Figure 3-31.
The initially high fluid temperature measurement was due to the discharge
of the stagnant steam filling the bundle prior to the start of flood.
After + 60 seconds the hot leg inlet temperature decreased to the local

saturation temperature indicated by the dashed line in Figure 3-31,

The fluid temperature upstream of the loop orifice is shown in Figure 3-32.
The piping between the liquid separator tank and the orifice was heated to
a high temperature before the test. In addition, the heaters were left on
during the test so that any unseparated droplets would be vaporized before
flowing through the orifice and a meaningful mass flow rate could be

obtained from the pressure drop across the orifice. Figure 3-32 shows that
the measured fluid temperature upstream of the orifice did indicate

superheated steam flowing through the orifice,.

3.3.2.8 Housing Behavior

The housing temperature data are shown in Figure 3-33. The initial housing
temperature profile was chosen assuming that the midplane would quench at

~ 275 seconds, which was within the scatter of the 6 ft quench time. As
shown in Figure 3-32, the housing walls below 5 ft and above 9 ft were
quenched by + 160 seconds after flood, leaving the 4 ft midsection unquenched.

3-55



TEMPERATURE - °F

TEMPERATURE - °F

180

160

(40 L

320

300

280

260

240

220

RUN NO. 2919

PRESSURE 20 PSIA
INETVAL CLAD TEMP 912 F
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 53 °F

INJECTION FLOW RATE 10.1 LB/SEC FIRST 14 SEC
1.2 LB/SEC AFTER 14 SEC

LOWER PLENUM
TEMPERATURE

K COOLANT SUPPLY TEMPERATURE
| 1 | I I

0 100 200 300 400 500

TIME AFTER FLOOD - SEC

/_ HOT LEG INLET TEMPERATURE

SATURATION TEMPERATURE
AT HOT LEG INLETY

-~—._
-
-~

~——-§ —
— e

1

I | l

0 100 200 300 400 500

TIME AFTER FLOOD - SEC

Figure 3-31. Test Section Inlet and Outlet Fluid Temperatures - Run 2919

3-56



F

TEMPERATURE -

500

450

400

350

300

250

200

[ RUK NO. 2919
PRESSURE 20 PSIA
INITIAL CLAD TEMP 912°F
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 153 F
INJECTION FLOW RATE 10.1 LB/SEC FIRST |4 SEC
1.2 LB/SEC AFTER |4 SEC
I I | | ]
100 200 300 400 500

Figure 3=32.

TIME AFTER FLOOD - SEC

Fluid Temperature Upstream of Loop Orifice - Run 2919

3-57




HOUSING AXIAL TEMP -°F

oF

AVERAGE HOUSING TEMP -

600

500

400

300

200

400

300

200

30
00
57
02
uo
us

ELEVATION - FEET

RUN NO.
PRESSURE

INITIAL CLAD TEMP
PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

2919

20 PSIA

912 F

0.7 KW/FT

153 F

10.1 LB/SEC FIRST I4 SEC

1.2 LB/SEC AFTER 14 SEC

| I

Figure 3-33.

200 300
TIME AFTER FLOOD - SEC

3-58

400 500

Housing Temperature Data - Run 2919




The housing heat release rate prior to 100 seconds was quite high as evidenced
by the rapid decrease in the housing average temperature, also shown in
Figure 3-33. The initially high heat release rate from the housing can be
attributed to the oscillating bundle water level. At the low elevations

the heat transfer coefficient at the housing wall surface becomes very high
when the water level rises above the surface, resulting in high housing heat
release rates. The resulting steam generation entrains large sheets of
water droplets, as illustrated in the motion picture, which are carried
upward with high velocity. The droplets and steam flowing past the housing
midplane do not cause a reduction of the housing midplane temperature until
" 150 seconds after flood. This can be explained by considering an energy
balance on the housing, The housing temperature behavior is determined by
the difference between the heat transferred to it by radiation from the
heater rods and the heat transferred from it by convection to the steam and
droplet flow, Neither the measured exit and inlet flow rates nor the mass
accumulated in the bundle changed significantly during the time that the
housing midplane quenched. Thus, the heat transferred from the housing by
convection did not change significantly., However, there was approximately
35 percent reduction in the radiant heat transfer rates from the heater

rods to the housing from the time the heater rod temperature turned around

(+ 120 seconds) and the time the housing midplane quenched (v~ 175 seconds).

Thus, before the heater rods turned around, the net heat transfer from the
housing was apprbximately zero, but after the heater rods turned around the
net heat transfer from the housing became positive and eventually resulted
in the quench of the housing. Figure 3-34 shows that the radiation from the
rods to the housing was limited primarily to the outer row of rods. The
radial temperature profile was very uniform from the third row of rods
inward, indicating that the radiation to the housing from the outer row of

rods did not affect the temperature behavior of the central rods.

Figure 3-33 also shows that the lower 5 ft of the housing cooled below the
saturation temperature, the bottom of the housing being at the coolant inlet
condition (v 150°F) at the end of the test, The lowest housing elevation

indicates that the saturation temperature agrees quite well with the zero
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void fraction curve shown in Figure 3-28,

3.3.2.9 Energy Balance

An overall energy balance was performed using the measured mass flow rate

and mass storage, the energy inputs from the stored energy in the heater

rods and housing walls, and the input electrical energy from the heater

rods for the duration of the test (633 seconds). The energy balance was

within reasonable limits, being in error by only 9%. The results of the

energy balance are summarized as follows:

1.

2.

3.

Stored Energy Released by the Heater Rods
12

' . 4
né:piciAi jo‘ (T, - Tp), dz = 2.0 x 10

Btu'

where n is the number of heater rods, piCiAi is the product
of the density, specific heat, and cross—sectional area of a
portion of the heater rod, and (’1‘i - Tf)r is the difference

between the initial and final rod temperatures.

Stored Energy Released by the Housing .

1.2
. 4
PLChiy /; (1, - ‘I‘f)h dz * 2,0 x 10 Btu

where phChAh is the product of the housiné'density, specific

heat and cross-sectional area, and (Ti - Tf)h is the difference

between the initial and final housing temperatures.

Energy Input from Decay Heat

Pinitial x I(t) = 16,6 x 10 Btu

where Pinitial is the total initial bundle power, and I(t) is the

integral of the power decay curve out to 633 seconds after flood.
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4.

7,

Energy Input from Coolant N

4
minput X hcoolant 7.6 x 10" Btu

where m is the total mass input to the test section (630 1lb),

input
and h

coolant is the enthalpy of the injected coolant.

Energy Carried Away by the Steam

m x h_ = 21.5 x 104 Btu
vapor g

where m is the total mass of vapor discharged from the
vapor

bundle, and hg is the enthalpy of saturated vapor.

Energy Carried Away by the Liquid

%« h. = 6.8x 10% Btu

M1iquid £
collected Ny
where mliquid is the mass of liquid collected in the separator |
collected '

tank at the end of the test, and hf is the enthalpy of saturated
liquid.

Stored Energy Fluid Remaining in the Test Section

4
mliquid x hf = 2,4x 10 Btu

stored

where mliquid is the water remaining in the test section, upper

stored
plenum, and steam probe tanks at the end of the test, and hf is
the enthalpy of saturated liquid.
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8. Energy Balance

Total energy input 28,2 x 104 Btu
Total energy stored or carried away 30.7 x 104 Btu

Percent error -9 percent

3.4 HOUSING EFFECTS IN FLECHT-SET TESTS

The rod bundle housing represents a physical boundary not present in a
reactor, and thus its effect on the bundle heat transfer and system effects
must be analyzed, The hydraulic and stored energy effects of the housing
have been thoroughly analyzed in the FLECHT program, and the resulting
FLECHT housing criterion has proved to be an acceptable means of controlling
the housing heat release so that it releases the same amount of heat as an

equivalent row of rods up to the time of the midplane quench,

It was also recognized in the FLECHT program that while the integral of the
heat release rate up to the time of the midplane quench was maintained, the
local rate of heat release did not match the local heater rod heat release

rate at any given point in time between flood and quench.

The rationale behind the criterion used for the initial housing temperature
distribution was discussed in Section 2.4. The housing wall was

moved away from the heater rod unit cell boundary so that the hydraulic

radius of rod flow channels near the wall was the same as the hydraulic
radius of an interior flow channel. This resulted in an extra flow area

near the housing equivalent to the flow area of 16.8 heater rod flow channels,
The housing was heated according to the criterion described in Section 2,4,

so that the heat input per unit flow area would be similar to that expected
in a PWR during reflood.

The housing effects in the FLECHT-SET tests are further complicated by the
dynamic coupling of the flooding rate to the bundle's local heat release

rate as discussed previously. To be consistent with the heater rod heat
release behavior, the housing must release the proper amount of heat at the
correct time or its quenching and steam generation effect will superimpose an

abnormal boundary condition in addition to that imposed by the heater rods.
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It was decided to investigate three methods of isolating the housing behavior
from the bundle heat release rate during a FLECHT-SET transient:

1. Preserve the same power-to-flow area ratio either by heating the
housing or increasing the rod power with the housing at the

saturation temperature.
2. Vary the housing temperature for the same rod power.

3. Vary the number of heated rods with the housing heated to saturation

temperature.

In this fashion, the power to flow area ratio can be varied by either heating
the housing, disconnecting rods, or increasing the rod power. These three

methods investigate the effect of the power to flow area ratio in the bundle
and the effect of whether the energy is input by increasing the rod power or

by the release of the housing stored energy.

Table 3-3 lists the test conditions and Figure 3-35 shows the rod hookup for
the housing effects tests. All tests were done at 60 psia, 150°F (nominal)
injection water temperature, and injection rate (nominal) of 10 lbm/sec for

14 seconds and 1.2 lbm/sec for the remainder of the test.

The effect of the heat input per unit flow area can be based on a local flow
area, i.e., the fluid channel near the housing wall or on a total bundle
flow area basis, Both seem to correlate the midplane quench time data quite
well,

Table 3-4 lists the run conditions and the total heat input to the fluid
below the midplane up to the time of the midplane quench. The midplane
quench time for all the runs is plotted in Figure 3-36 as a function of the

total heat input per unit volume of fluid below the midplane. In Figure 3-36,

the midplane quench time varies linearly with the heat input per unit volume.
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TABLE 3-3

TEST CONDITIONS FOR HOUSING EFFECTS TESTS

Coolant

Run No. Heated Peak Power#* Avg. Housing Injection Rate

No. Rods (kw/£ft) Temp (°F) (1b/sec)

4311 90 646 299 9,7 first 14 sec
1.20 onward

4412 82 . 646 297 10.9 first 14 sec
1.20 onward

6413 90 646 614 10,8 first 14 sec
1.25 onward

5214 70 646 301 10.2 first 14 sec
1.19 onward

5115 90 759 294 9.0 first 14 sec
1.20 onward

5316 90 646 : 424 10.1 first 14 sec

1.18 onward

*All heated rods had the same power. The containment pressure, initial clad
temperature, and coolant injection temperature were nearly the same for all
runs,
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CONFIGURATION FOR RUNS

4311, 5413, 5115 AND 5316

CONFIGURATION FOR RUN u412
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Figure 3-35. Heater Rod Hookup for
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TABLE 3-4

TOTAL HEAT INPUT TO FLUID BELOW MIDPLANE UP TO MIDPLANE QUENCH TIME

Coolant Total Energy Released Below Midplane up to 6 ft Quench
No, Peak Avg. Injection
Run Heated Power Housing Rate Housing Rods (Stored) Rods (Generated) Total
No. Rods (kw/ft) Temp (°F) (1b/sec) (Btu) (Btu) (Btu) (Btu)
4311 90 .646 208 9.7 first .0l x 10 1.03 x 10% 1.40 x 10 2.44 x 10%
14 sec
v 1.20 onward
4412 82 .646 291 10.9 first 0 .95 x 10% 1.17 x 10 2.12 x 104
: 14 sec
1.20 onward
5413 90 .646 603 10.8 first 1.28 x 10% 1.32 x 10% 1.88 x 10%  4.48 x 10°
14 sec
1.25 onward
5214 70 - .646 302 10.2 first .03 x 10° .80 x 10% .85 x 10  1.68 x 10%
14 sec
1.19 onward
5115 90 .759 204 9.0 first .01 x 10% 1.06 x 10% 1.76 x 10 2.83 x 10%
14 sec
1.20 onward
5316 90 .646 412 10.1 first .48 x 10% 1.11 x 10% 1.48 x 10 3.07 x 10°

14 sec
1.18 onward
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Table 3-5 lists the run conditions and the heat input by the housing and the
outer row of rods below the midplane up to the time of the midplane quench,
All of the runs listed had the same peak power and initial clad temperature
so that the central 8 x 8 array of rods had the same initial conditions

for all tests. Figure 3-37 shows the midplane quench time plotted as a
function of the heat input per unit volume of fluid outside the 8 x 8 array.
Again, the variation of quench time with heat input per unit volume was

linear.

By comparing Runs 5115 and 5316 the effect of whether the energy is input

by the housing or by the rods on the system transient behavior can be observed.
Both Runs 5115 and 5316 have approximately the same heat input per unit volume
of fluid, as is shown in Table 3-4. However, in Run 5316 the housing is heated
above the saturation temperature, while in Run 5115 the additional thermal
energy is input by the heater rods, which are at 18 percent higher power, and

the housing is heated to the saturation temperature.

The midplane quench time is shown for all runs in Figure 3-36. As can be
seen in this figure, the quench times were nearly identical for Runs 5115 and
5316. In fact, the quench front curves for these two runs were nearly
identical, as shown in Figure 3-38. As expected, the 10 ft quench times for

Runs 5115 and 5316 were different since the criterion used for the housing
heat input was based on the 6 ft quench time,.

The major differences between the two runs were that the magnitude and
duration of the oscillations were much less for the unheated housing

run (5115). Figures 3-39 and 3-40 present reduced pen recorder tracings

of the downcomer head and loop pressure drop for Rums 5515 and 5316. Of the
two runs, only 5316 had an initial housing temperature above the saturation
temperature and it had large and long-lasting oscillations. It was also

noted that the oscillations ceased as soon as the housing had quenched. The

_heat release rate from the housing is very high because its surface temperature

is low enough for nucleate boiling to take place at the wetted surface. Thus,

as the water enters the bundle and reaches the elevation of the unquenched
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Run
No.

TABLE 3-5

HEAT INPUT TO PERIPHERY CHANNEL BELOW MIDPLANE UP TO MIDPLANE QUENCH TIME

No. Heated Peak

Rods in
Outer Row

Power
(kw/ft) Temp

Avg,
Housing

(°¥)

Coolant
Injection
Rate
(1b/sec)

Energy Released in Periphery Below 6 ft up to 6 ft Quench

Housing
(Btu)

Rods (Stored)
(Btu)

Rods (Generated) Total
(Btu)

(Btu)

4311

4412

5413

5214

5316

34

26

34

14

34

.646

.646

.646

.646

646

299

291

603

302

412

9,7 first
14 sec
1.2 onward

10.9 first
14 sec
1.2 onward

10.8 first
14 sec
1.25 onward

10.2 first
14 sec
1.19 onward

10.1 first
14 sec
1.18 onward

01 x 104

4

1.28 x 10

.03 x 10

.48 x 10

.39 x 104

.30 x 10°

50 x 104

.16 x 10

.42 x 10

.53 x 104

.37 x 10

.71 x 10

.17 x 10

.56 x 10%

+93 x 10

2.19

+36

1.46

X

X

X

4

10

10

10

10
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Figure 3-37. Midplane Quench Time vs Heat Input by Housing and Outer Row of
Rals Below 6'. Up to 6' Quench Time per Unit Volume of Fluid in
Periphery Channel
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RUN CONDITIONS RUN 5115 RUN 5316

INETIAL CLAD TEMP 110 1107 F

PEAK POWER 0.759 0.646 KW/FT

PRESSURE 6! 61.3 PSIA

INLET COOLANT TEMP 154 159 F

COOLANT INJECTION RATE 9.00 10.17 LB/SEC FIRST 14 SEC
- 1.20 .18 LB/SEC ONWARD -

END OF OSCILLATIONS {RUN 5316)
| / | I 1 |
40 60

80 100 120
TIME AFTER FLOOD - SEC

0 20

Figure 3-38. Comparison of Quench Front Envelope vs. Time
for Runs 5115 and 5316
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housing, a large volume of steam is produced which must vent through the

loop resistance. The resulting pressure increase above the water surface

forces the water level down, reducing the‘steam generation rate because the
lower elevations have been quenched. Because of fluid inertia, the bundle water
level drops below the equilibrium position. The rising downcomer level creates
a large restoring force and the gravitational force eventually cause the
downcomer level to fall, forciﬁg water up the bundle until the steam

generation rate and the resulting pressure buildup are sufficient to start

the process all over again., The heat release rate from the heater rods is

apparently not large enough to drive the large oscillations.

A direct comparison of flooding rate in these two runs 1s not possible since
the initial injection rate was higher for Run 5316 than for Run 5115, resulting
in about 15 1b more being injected in the first 14 seconds. Even so, the
flooding rates were not that different in the first 20 seconds, as shown in
Figure 3-41. This was caused by more water storage in the downcomer in Run
5316 than in Run 5115, as shown in Figure 3-39, because of the higher steam

flow rate and resulting higher loop pressure drop.

The total amount of mass put into the test section after 25 seconds was
higher for the hot housing run (5316), as shown in Figure 3-42. However,

if the injection rates had been identical, it is expected that the flooding
rate would have been lower for the hot housing run until the housing quench.

The steam flow rates are given in Figure 3-43,

Even though more mass entered the test section during the hot housing run (5316)
than during Run 5115, less mass remained in the bundle until the housing quenched,
as shown in Figure 3-44. Thus, the carryout fraction was significantly

higher for the heated housing run as shown in Figure 3-45. The additional vapor
carryout is apparent, from Figure 3-43, that the vapor flow rate was higher for
the heated housing run (5316) for the first 70 seconds. Although the liquid
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Figure 3-41. Comparison of Mass Put Into Bundle and Mass Remaining

in Bundle for Runs 5115 and 5316
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RUK CONDITIONS RUN 5115  RUN 5316
INITIAL CLAD TEMP Y 1107 °F
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Figure 3-42. Comparison of Flooding Rates for Runs 5316 and 5115
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Figure 3-43. Comparison of Vapor Flow Rates for Runs 5316 and 5115
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carryout was not measured directly, Figure 3-46 compares the mass accumulation
in the upper plenum extension for the two runs, and the difference between the
two runs is very small for the first 80 seconds. Thus, a positive statement

cannot be made concerning the difference in liquid carryout for the two runs.

The combination of different injection rates, steam generation rates, etec.,
yilelded the same quench front velocity, as shown in Figure 3-37. However,

the midplane heat transfer coefficients are quite different between 10 and

40 seconds after flood as shown in Figure 3-47. The different heat transfer
coefficients are reflected in the clad temperature histories shown in the same
figure. The midplane clad temperature for heated housing Run 5316 remained
near the maximum temperature for a longer time as a result of poorer heat
transfer. The heated housing run (5316) had a significantly lower heat
transfer coefficient than the unheated housing run (5115) even though the vapor
flow rate was higher for heated housing run (5316), as shown in Figure 3-43.
The test section axial pressure drop data indicate that there was more water
below the 6 ft elevation in Run 5115 than in Run 5316 (hot housing) during

the period of time when the heat transfer coefficlents were different, as
shown in Figure 3-44. Thus, the amount of water remaining in the bundle

or the local void fraction apparently had a more dominant effect on

the heat transfer coefficient than the vapor flow rate. The effect of heating
the housing was to prolong the period during which the 6 ft elevation was
cooled by steam and dispersed droplet flow and to delay the transition flow
regime.

While a comparison of Runs 5316 and 5115 does indicate the effect of whether the
energy 1s input by increasing the rod power or by the release of the housing
stored energy, other effects such as the housing temperature and the number

of heated rods influence the bundle heat release rate, local heat transfer

coefficient and system response.
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PLENUM EXTENSION - LBM

6959-34

RUN CONDITIONS RUN 5115 RUN 5316
INITIAL CLAD TEMP 1119 1107, F
PEAK POWER .759 .646 KW/FT
PRESSURE 6! 61.3 PSIA
INLET COOLANT TEMP 154 159 F
COOLANT INJECTION RATE 9 10, 17 LB/SEC FIRST Iy SEC
1.2 1.18 L8/SEC ONWARD
(2]
G ¥ S5
<o O O -
30 +— =z -3 -5
[0 2~ 14 O L “er
= W
=] | |
= 5316
0 — | (Ty=u9u°F)
10— 5115 (T,=294°F)
. 2 | I L |
0 20 uo 60 80 100
TIME AFTER FLOOD - SEC
Figure 3-46. Comparison of Mass Stored in Upper Plemum Extension

for Runs 5115 and 5316
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6959-4

N RUN CONDITIONS RUN 5115  RUN 5316
INITIAL CLAD TEMP 1110 1107 F
PEAK POWER .759 .646 KW/FT
PRESSURE 6l 61.3 PSIA
IRLET COOLANT TEMP {54 159 F
COOLANT INJECTIONK RATE 9 10.17 LB/SEC FIRST_ﬁ SEC
1.2 1.18 LB/SEC ONWARD
1200 100
P ROD SG -v6‘
CLAD TEMPERATURE
—1 90
5316 (Ty=49uF ]
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Figure 3-47. Comparison of Midplane Clad Temperature aixl Heat Transfer
Coefficient for Runs 5115 and 5316
'\J’
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Another method of changing the power to flow area ratio for the bundle is to
change the number of heated rods. Three such tests were run using 70, 82,

and 90 heated rods (rod 2G was already failed and was unheated). The measured
rod temperatures and midplane heat transfer are given in Figure 3-48, while the
bundle behavior is shown in Figures 3-49, 3-50, and 3-51. The results generally
reveal a trend showing that increasing the power-to-flow area ratio increases
the vapor flow rate, while the bundle mass storage, flooding rate, and mass
input to the bundle generally decrease as the power-to-flow ratio increases.
The heat transfer coefficient, mass storage and mass flow rate curves appear to
be roughly of the same shape but are shifted in time by approximately the
difference in the midplane quench time of the rods.

The effect of changing the power-to-flow area ratio by increasing the rod power
for the same housing temperature can be examined in Runs 4311 and 5115. The
midplane heat transfer coefficlients and peak clad temperatures are shown in
Figure 3-52 and indicate that increasing the rod power with the same housing
temperature results in a slightly higher heat transfer coefficient and only a
small increase in peak clad temperature and quench time. The bundle flooding
rates, downcomer behavior, mass storage, and liquid collection rates are nearly
identical for these two runs as shown in Figures 3-53, 3-54, and 3-55. These
data indicate that if additional energy is added to the fluid by increasing

the rod power, the quench front moves up more slowly but the system transient
behavior is not significantly changed. This behavior of rod power is different
than that of increasing the number of heated rods. In the latter case a larger

effect was observed as the power-to-flow area ratio increased.

If energy is added to the fluid by increasing the stored energy in the housing
for the same rod power, a more significant effect on the system behavior and
local heat transfer coefficient is observed. Runs 4311, 5316, and 5413 all

3-84



RUN CONDITIONS RUN 4311 RUN 4412 RUN 5214
INITIAL CLAD TEMP 1105 107 1103 °F
PEAK PONER 646 646 646 KW/FT
PRESSURE 60 6l &1 PSIA
INLET COOLANT TEMP 154 159 159 °F
COOLANT INJECTION RATE 9.7 10.9 10.2 LB/SEC FIRST_Iy SEC
1.2 1.2 1. 19 LB/SEC ONWARD
1200 |— — 100
——— RUN 4311
—>— RUN w412
-~ -~ RUN 5214
1000 — 80
(V18
1
' 800 —| 60
=
w
—_
2 1
— \
b |
600 { \ — 40
) i
! 1
! i
H HEAT TRANSFER | '
|
400 | | COEF. ' — 20
} | '
,’ \‘---.k-- o ———
4
’ | 1 | | |
0 0
0 20 40 60 80 100 120

TIME AFTER FLOOD - SEC

Figure 3-48. Effect of the Number of Heated Rods on Midplane Clad

Temperature and Heat Transfer Co
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FLOODING RATE - IN./SEC

VAPOR MASS FLOW RATE - LB/SEC

RUN CONDITIONS ) RUN 4311 RUN 4412 RUN 5214

INITIAL CLAD TEMP 1105 1107 1103 F

PEAK POWER .6U6 .646 .66 KW/FT

PRESSURE 60 6l 61 PSIA

INLET COOLANT TEMP 154 159 159 ‘F

COOLANT INJECTION RATE 9.7 10.9 10.2 LB/SEC FIRST _I4 SEC

V1.2 V.2 1.19 LB/SEC ONWARD

RUN 4311
—— — —— RUN 4412
RUN 5214

90 HEATED RODS

F_—
' \\ 70 -
_I NS
] \\\\
/ | I | | I
0 20 40 60 80 100
TIME AFTER FLOOD - SEC
Figure 3-49. Effect of the Number of Heated Rods on the Flooding Rate axl

Vapor Effluent Mass Flow Rate
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RUN CONDITIONS RUN 4311 RUN 4412 RUN 5214
INITIAL CLAD TEMP (105 {107 1103 °F
PEAK POWER . 646 .646 .646 KW/FT
PRESSURE 60 6l 61 PSIA
INLET COOL TEMP |54 159 159 °F
COOLANT INJ RATE 9.7 10,9 10.2 LB/SEC FIRST _|4 SEC
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Effect of the Number of Heated Rods on the Test Section
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PRESSURE DROP - PSI

6959-5

0 HEATED RODS

90 HEATED RODS

TEST SECTION PRESSURE DROP

I I 1 | |

RUN CONDITIONS RUN 4311 RUN 4412 RUN 5214
INITIAL CLAD TEMP 1108 1107 1103 "F
PEAK POWER L6486 646 2646 KW/FT
PRESSURE §0_ 6l 6l PSIA
{NLET COOLANT TEMP 1) 159 159 °F
COOLANT INJECTION RATE 9.7 10.9 10,2 LB/SEC FIRST 14 SEC
1.2 1.2 1.19 LB/SEC ONWARD
-
—— RUN 4311l
—<=RUN 44]2
=== RUN 5214

0 20 L) 60 80 100

TIME AFTER FLOOD - SEC

Figure 3-51. Effect of the Number of Heated Rods on Downcomer
Head and Test Section Pressure Drop
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RUN CONDITIONS RUN 5115 RUN u3l1i
INITIAL CLAD TEMP 1110 1105 “F
PEAK POWER .759 .646 KW/FT
PRESSURE 61 60 PSIA
INLET COOLANT TEMP 154 A5y F
COOLANT INJECTION RATE 9.0 9,7 LB/SEC FIRST iu4 SEC
L2 L2 LB/SEC ONWARD
e RUN 5115 T/C 5G-6'
[ -=me RUN 4311 ]
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Figure 3-52. Effect of Peak Power on Midplane Clad Temperature and

Heat Transfer Coefficient

3-89

80

60

HEAT TRANSFER COEF. - BTU/HR - FT2-OF



FLOODING RATE - IN./SEC

VAPOR MASS FLOW RATE - LB/SEC

RUN CONDITIONS RUN 5115 RUN 4311

INITHAL CLAD TEMP 1110 1105 °F

PEAX POWER . 759 .66 KW/FT

PRESSURE 61 60 PSIA

(NLET COOLANT TEMP 154 154 °F

COOLANT INJECTION RATE 9.0 3.7 LB/SEC FIRST 14 SEC
1.2 1.2 LB/SEC ONWARD

e RUN 5115
= o= o= RUN 4311

.759 KW/FT .64 KW/FT

£\
i \

1 l I I I

0 20 40 60 80 100
TIME AFTER FLOOD - SEC

.759 KW/FT

-QN

.646 KW/FT

| l l Nl |

0 20 40 60 80 100

TIME AFTER FLOOD - SEC

Figure 3-53. Effect of Peak Power on Flooding Rate and
Vapor Mass Flow Rate
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6959-6

RUN CONDITIONS RUN 5115 RUN 431)
INITIAL CLAD TEMP 1110 1105 F
PEAK POWER 759 .646 KW/FT
PRESSURE 6l 60 PSIA
INLET COOLANT TEMP {54 154 °F
COOLANT INJECTION RATE 9.0 8.7 LB/SEC FIRST_I4 SEC
}__ 1.2 1.2 LB/SEC ONWARD
— RUN 8115
=== RUN 431|

MASS IN UPPER il
PLENUM EXT.
| | | |
0 20 S 60 80 100 120

TIME AFTER FLOOD - SEC

Figure 3-54. Effect of Peak Power on Test Section Mass Input and Storage
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6959-7

PRESSURE DROP - PSI

RUN CONDITIONS RUN 51I5  RUN %311

INITIAL CLAD TEMP 1110 1105 °F

PEAK POWER .759 L6146 KW/ FT

PRESSURE 61 60 PSIA

INLET COOLANT TEMP 154 154 °F

COOLANT INJECTION RATE 9.0 3.7 LB/SEC FIRST I4 SEC

1.2 1.2 LB/SEC ONWARD

—— RUN 5115
=== RUN 4311

~
~
DOWNCOMER HEAD

.759 KW/FT

TEST SECTION PRESSURE DROP

| | | I

20 40 60 80 100
TIME AFTER FLOOD - SEC

Figure 3-55. Fffect of Peuk Power on Downcomer Head and
Test Section Pressure Drop
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were conducted with the same rod power (0.646 kw/ft peak) but with average
housing temperatures of 299°F, 424°F, and 614°F respectively. The effect of
increasing the housing stored energy on the bundle flooding rate, vapof flow
rate, mass storage, and downcomer behavior is shown in Figures 3-56, 3-57,

and 3-58. Increasing the housing temperature sharply decreases the heat
transfer coefficient as shown in Figure 3-59. The housing releases its heat
rapidly at the lower elevations, resulting in a large generation of éteam flow
as shown in Figure 3-56. The large steam generation rate and resultin:g loop
pressure drop sharply decreases the flooding rate into the bundle and results
in a larger mass storage in the downcomer as shown in Figure 3-58. The mass
storage in the bundle is decreased as the water is forced back into the down-~
comer., As the liquid level is forced into the downcomer, the steam generation
rate is reduced since the amount of water in the bundle decreases. By the |
time the steam which has been genefated has vented and the steam generation rate
has been reduced, the downcomer driving head has substantially increased as
shown in Figure 3-58. The larger downcomer driving head then forces the

water further into the bundle, quenching more of the rods and housing and the
cycle repeats until the housing is quenched. Since the housing is at a lower
temperature then the rods, usually below 700°F, the water is asble to wet the
housing while it cannot wet the higher temperature rods. Thus, the housing
causes more steam to be generated than if)the housing energy were being
accounted for in the higher-temperature heéter rods. Therefore, the housing
heat release rate and corresponding steam generation rate drive the transient
until the housing is quenched. At that time the larger downcomer head rapidly

forces water into the bundle, causing a sharp increase in flooding rate.

The data presented indicates that for particular test conditions the steam .
generation rate is the most important parameter in governing the system
performance. When the housing is heated to simulate the heat input of an
additional 16.8 heater rods, the large amount of energy stored at low
temperatures allows the water to wet the housing, resulting in significantly
more steam produced than if the same equivalent number of heater rods had beer
present. The housing quenching behavior is responsible for driving the large
liquid level oscillations during the early stages of reflood. Accounting for‘
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FLOODING RATE - IN./SEC

VAPOR MASS FLOW RATE - LB/SEC

RUN CONDITIONS RUN 4311 RUN 5316 RUN 5413
INITIAL CLAD TEMP 1105 1107 1125
PEAK POWER 646 . 646 646
PRESSURE 60 6l 6l
INLET COOLANT TEMP 154 159 158
COOLANT INJECTION RATE 9.7 10.1 10.8

1.2 1.18 1.25

°F

KW/ FY

PSIA

°F

LB/SEC FIRST_Iy SEC
LB/SEC ONWARD

e RUN 5316
=== RUN 4311
77" RUN 5413

= —

R |

“~

l

40 60
TIME AFTER FLOOD - SEC
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| 1 | | I
0 20 4o 60 80 100
TIME AFTER FLOOD - SEC
Figure 3-56. Effect of Housing Temperature on Test Section

Flooding Rate and Vapor Mass Flow Rate
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RUN CONDITIONS RUN 4311 RUN 5316 RUN 5413

INITIAL CLAD TEMP 1105 1107 1125 F

PEAK POWER .66 .66 .66 KW/FT

PRESSURE 60 6l 61 PSIA

INLET COOLANT TEMP 154 159 155 F

COOLANT INJECTION RATE 9.7 10. 1 10.8 LB/SEC FIRST |4 SEC

T2 .18 T.25 LB/SEC ONWARD

160 —
140 ——— RUN 5316 Ty = 6iu F

==<== RUK 4311
=TT RUN 5413

120
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20

80 100
TIME AFTER FLOOD - SEC

Figure 3-57. Effect of Housing Temperature on Test Section Mass Input aixl Storage
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PRESSURE DROP ~ PSI

RUN CONDITIONS RUN 8311 RUN 5316 RUN 5413
INITIAL CLAD TEMP 1105 1107 1125 F
PEAK POWER 646 _646 _646 KW/ET
PRESSURE %0 81 q] PSIA
INLET COOLANT TEMP 154 159 155 F
COOLANT INJECTION RATE 9.7 10.1 10,8 LB/SEC FIRST I SEC
1.2 1.18 1.25 LB/SEC ONWARD
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Figure 3-58. Effect ot Housing Temperature on Downcomer and Test
Section Pressure Drops

3-96




1200

1000

F

800

RUK CONDITIONS

RUN 4311 RUN 5316 RUN 5413

CLAD TEMP -

[=2]
(=]
o

400

200

COEF.

- o -~
< TH = R24°F \\

INITIAL CLAD TEMP 1105 Jlloz 1125 °F
PEAK POWER . 646 . 646 L646 KW/FT
PRESSURE 60 61 61 PSIA
INLET COOLANT TEMP 154 159 155 °F
COOLANT INJECTION RATE 9.7 10. 1 10.8 LB/SEC FIRST 14 SEC
1,2 1,18 1.25 LB/SEC ONWARD
—  RUN 43H1
—=—= RUN 5316
~—ew= RUN 5413 —
CLAD TEMP
’ —_-~~
\\\

HEAT TRANSFER

~ pu—
(I :
N N
\\
| SN
\\ 'l
]
a) P4 I
\ / \{'
/ 2 2N
N /
/
]

i N

f
|

| | | |

Figure 3-59.

20 4o 60 80

100 120

TIME AFTER FLOOD ~ SEC

Effect of Housing Temperature on Midplane Clad

Temperature and Heat Transfer Coefficient

3-97

100

L (=23 o]
o o o

HEAT TRANSFER COEF - BTU/HR-FTZ-°F

[
o



the energy release of 16.8 additional heater rods by increasing the rod power N J
does not result in the same steam generation rate and, therefore, the system

transient response as obtained by heating the housing.

The data reported in this section indicates that if the housing is heated

. to the saturation temperature and the rod peak power is varied, the midplane
heat transfer coefficient increases slightly as the power is raised. The
opposite trend 13 noted (Section 3.5) when the housing was heated according
to the FLECHT housing criterion. However, the housing temperatures are
significantly different for different peak powers when the FLECHT housing
criterion is used. The heat transfer coefficients obtained during these
runs were nearly the same initially, but the steam generated by the housing
resulted in a slower moving quench front and thus a lower heat transfer

coefficient later in time,

In the Phase B tests the local heat release and steam generation rate from

housing will have to be equal to the equilivalent number of rods, or the

transient behavior of the system will be forced incorrectly by the housing

quenching behavior. Presently, no one easy method exists to accomplish this

goal, and tests, already indicated in the Phase B test matrix, will be utilized ~~
to investigate some of the following methods proposed to ﬁodel the housing

heat release rate:

1. Decrease the housing temperature but continue to supply heat
to the housing so that the total housing energy is released

over the correct time period.

2, Increase the power to the outer two rows of heater rods so that
the correct power per flow area ratio is maintained and the
housing is heated to the saturation temperature. The effect of

the location of the hot rods can be examined by using a random

pattern of rods with higher power.
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3.5 PARAMETER EFFECTS

Bundle and system parameters were varied to determine their effects on the
reflooding behavior of the FLECHT-SET system. The bundle parameters were
inlet subcooling, initial clad temperature, rod power, containment pressure,
and injection rate., These are the same parameters varied in the FLECHT
program to determine the reflood heat transfer sensitivity (References 1
and 2).

" In the FLECHT program one parameter could be easily varied and the reflooding

heat transfer sensitivity determined. In the FLECHT-SET tests the flooding
rate was a dependent variable determined by Ehe system response to the bundle
parameter changes. Since the system responded to the single parameter change,
the effects of this change are difficult to identify and quantify. It should
also be noted that some of the earlier runs would have been repeated if both
additional time had been available and excessive rod thermocouple failures
had not forced termination of the testing, Similar parameter variations will
be investigated in the Phase B series.

3.5.1 1Inlet Coolant Subcooling

The effect of inlet subcooling on injection water temperature was studied at
both 20 and 60 psia containment pressures and was found to be a sensitive
parameter. Unfortunately, the coolant subcooling could not be reduced
sufficiently at 60 psia to cover the same subcooling range and subcooling

effects as at the lower pressure.
As the injection water subcooling decreased:
1. The steam flow increased.
2, The mass stored in the bundle decreased.
3. The résulting flooding rate decreased.
4, The midplane heat transfer coefficient decreased.

The hotter injection water was more easily vaporized in the bundle, resulting
in more bundle steam generation. Since the loop resistance was fixed, the

increased steam flow increased the loop pressure drop, which retarded the
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bundle flooding rate and resulted in less mass inventory stored in the
bundle. The calculated flooding rate for the two cases 1s shown in Figure
3-60, and the bundle mass inventory and the liquid collected are shown in
Figure 3-61.

The effect of the decreased injection water subcooling on the quench front and
midplane heat transfer coefficient is shown in Figures 3-62 and 3-63,
respectively. Decreasing the subcooling results in a decrease in quench

front velocity, since both the flooding rate and bundle mass inventory have
decreased. The decreased quench front velocity is similar to that observed

in FLECHT data (Reference 2).

The midplane heat transfer coefficient was observed to be lower for the

hotter injection water case before temperature turnaround. The quench time
for Run 3320 was also observed to be longer than for Run 3117. When comparing
the subcooling effect in the FLECHT data at 20 psia (Reference 1), the
subcooling effect was observed to have a smaller effect on the FLECHT midplane
heat transfer coefficient since the flooding rate was constant and was not
influenced by the steam generation as in FLECHT-SET. The rod temperature

rise was also observed to be higher for the lower subcooling case in Run 3320

due to the reduced flooding rate and midplane heat transfer coefficient.

The decreased subcooling effect on the heat transfer coefficient is more
pronounced at later times since both the flooding rate is lower and less

mass is stored in the bundle. The decreased subcooling increases the

void fraction at the hot spot because of the greater distance from the quench
front and results in a decreased heat transfer coefficient. In the

FLECHT tests (Reference 2), the decreased injection subcooling had a

similar effect although the flooding rate remained constant.
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FLOODING RATE - IN./SEC

RUN CONDITIONS RUN 3117 RUN 3320

INITIAL CLAD TEMP 13 1073 “F

PEAK POWER 0.7 0.7 KW/FT

PRESSURE 19.9 19,5 PSIA

{NLET COOLANT TEMP 159 195 °F

COOLANT INJECTION RATE 11.22 11.50 LB/SEC FIRST_IY4 SEC
1,16 1,17 LB/SEC ONWARD

———  RUN 3117
wsemes  RUN 3320

1 | 1 |

0 100 200 300 400 500
TIME AFTER FLOOD - SEC

Figure 3-60. Effect of Inlet Subcooling on Flooding Rate
at 20 Psia Containment Pressure
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MASS - POUNDS

6959-9

RUN CONDITIONS _RUN 3117 RUN 3320

INITIAL CLAD TEMP 113 1073 F

PEAK POWER 0.7 0.7 KW/FT

PRESSURE 19.9 19,5 PSIA

INLET COOLANT TEMP 159 195 “F

COOLANT INJECTION RATE  11.22 11.50 LB/SEC FIRST_ly SEC
1.16 117 LB/SEC ONWARD

200
— " RUN 3117
- an ame RUN 3320
LIQUID COLLECTED
100 {— ATgyp = 69°F
MASS [N BUNDLE —\SUB
— 1L X A
0 I |
0 100 200 300 400 500
TIME AFTER FLOOD - SEC
Figure 3-61. Effect of Inlet Subcooling on Mass Stored in the Bundle

and Liquid Collected in Separator Tank at 20 Psia
Containment Pressure
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RUN CONDITIONS RUN 3117 RUN 3320
INITIAL CLAD TEMP i3 1073 °F
PEAK POWER 0.7 0.7 KW/FT
PRESSURE 19.9 19.5 PSIA
INLET COOLANT TEMP 159 185 F
COOLANT INJECTION RATE 11,22 11,50 LB/SEC FIRST Iy SEC
1,16 l,i7 LB/SEC ONWARD
2 —
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o= em e  RUN 3320
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Figure 3-62. Effect of Inlet Subcooling on the Rod Quench Front Envelope

at 20 Psia Contaimment Pressure
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Figure 3-63. Effect of Inlet Subcooling on Midplane Heat Transfer Coefficient
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Plots of the steam flow, mass storage in the bundle, and the midplane heat
transfer coefficient are shown in Figures 3-64 and 3-65 for 60 psia. These
plots indicate that the subcooling effect is not nearly as sensitive as

for 20 psia.

It is expected that the subcooling effect would not be as sensitive at higher
pressures for the same degree of subcooling. Even though the coolant would
start boiling at nearly the same elevation in the core for the same flooding
rate, the density of saturated steam is 2,8 times higher at 60 psia than at
20 psia, The void fraction in the bundle, the steam velocity, and

possibly the liquid entrainment would all be lower at higher pressures. Thus,
one would expect that very early in the transient the midplane heat transfer
coefficient would be improved at 20 psia over that at 60 psia by decreased
subcooling because of the higher steam velocity and liquid entrainment,

Later in time, however, the reduction of the midplane heat transfer coefficient
should be greater at 20 psia than at 60 psia because of the higher void

fraction and greater distance from the quench front at 20 psia,

3.5.2 1Initial Clad Temperature

The effect of initial clad temperature was investigated at both 20 psia and
60 psia containment pressures. The results generally showed similar trends
at both pressures, namely a faster quench front rise and a higher midplane

heat transfer coefficient for lower initial clad temperatures.

The 20 psia runs analyzed were Run 3117 (Tinitial = 1113°F), Run 2718

(Tinitial = 1400°F), and Run 2919 (Tinitial = 912°F), The gross bundle
parameters: midplane temperature rise, turnaround time, and quench time, are
shown in Figure 3-66. The temperature rise and turnaround time both decreased
with increasing initial temperature while the quenéh time increased (Figure 3-66).
Previous FLECHT results (Reference 2) also indicate that temperature rise

and turnaround time decrease with increasing initial temperature, However,

the FLECHT data indicate that the quench time is not sensitive to the

initial temperature, whereas the FLECHT-SET data clearly show that as the

initial temperature increases the resulting quench time increases. The increased
quench time in FLECHT-SET is due to the feedback effect of the bundle energy
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MASS - POUNDS

MASS - POUNDS

RUN CONDITIONS RUN 4923 RUN 3928

INITIAL CLAD TEMP L1t 1102 F

PEAK POWER 0.7 0.7 KW/FT

PRESSURE 61.0 61.9 PSIA

INLET COOLANT TEMP 158 201 F

COOLANT INJECTION RATE 10.52 12.02 L8/SEC FIRST 14 SEC
1.19 1.37 "~ LBJSEC ONWARD

we «m = RUN 3928

100 ‘4— YAPOR GENERATED
\TSUB 291 F —\5‘__

\T,. = 134 F
50 | SUB
. | | N |
0 100 200 300 400
TIME AFTER FLOOD - SEC
w—— RUN 1923
100 }— Lmm==== RUN 3928 MASS IN BUNDLE
\Tgyg = 134 F e
o Mg = 9 F
0 | | | |'
0 100 200 300 . 400

TIME AFTER FLOOD - SEC

Figure 3-64. Effect of Inlet Subcooling on the Vapor Generated arxd Mass
Stored in the Bundle at 60 Psia Contaimment Pressure
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HEAT TRANSFER COEFFICIENT - BTU/HR-FT2- F

RUN CONDITIONS RUN 4923  RUN 3928

INITIAL CLAD TEMP LiLd 1102 F F

PEAK POWER 0.7 0,7 KW/FT

PRESSURE 61.0 61.9 PSIA

INLET COOLANT TEMP 158 201 F

COOLANT INJECTION RATE  |0.52 42.02 LB/SEC FIRST Y4 SEC
1.19 1.37 LB/SEC ONWARD

ommmmem= RUN 4923
ememes RUN 3928

ROD 7D-6'

6 1 1 | | L

0 20 40 60 80 100 120
TIME AFTER FLOOD - SEC

Figure 3-65. Effect of Inlet Subcooling on the Midplane Heat Transfer
Coefficient at 60Psia Containment Pressure
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heat releases on the flooding rate., The rod and the housing initial
temperatures are increased for Run 2718 such that the total stored energy
in the bundle is increased. Since more energy must be removed for a given
loop pressure drop, and therefore steam flow rate, it takes longer to quench
the bundle,.

A closer examination of the data indicates that increasing the initial clad
temperature decreases the mass storage in the bundle and the average flooding
rate, and delays the time at which liquid collection begins as shown in

Figure 3-67. The calculated flooding rates are shown in Figure 3-68 and

the quench front profile in Figure 3-69 for these cases, The measured midplane
heat transfer coefficient is shown in Figure 3-70 and indicates that the heat
transfer coefficient is nearly the same for all three runs 1n the very early
portion of the transient (t < 20 seéonds), after which the heat transfer

coefficient for the higher initial temperature runs increased more slowly.

The observed heat transfer behavior can be related to the mass storage in

the bundle at different times. For both Runs 3117 and 2919, the mass storage
is greater than for Run 2718, resulting in an increase in the midplane heat
transfer coefficlent, The flooding rate also has an effect on the heat trans-
fer behavior but it appears to be less sensitive than the bundle mass storage

effect.

Similar trends in temperature rise, turnaround time, and quench time were
observed in the 60 psia runs as shown in Figure 3-71. The runs analyzed
. = ° = °
in detail were: Run 4825 (Tinitial 712°F), Run 4923 (Tinitial 1111°F),
= -]
and run 4024 (Tinitial 1402°F). The details of the runs were, however,
different than those observed at 20 psia.

The vapor flow and, therefore, the loop pressure drop were observed to
increase with increasing initial temperature, This resulted in decreased
mass storage in the bundle as the initial temperature increased as shown

in Figure 3-72. The increased mass storage in the bundle for the lower
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MASS - LB

6959-8

RUN CONDITIONS RUN 2718 RUN 2919 RUN 3117
INITIAL CLAD TEMP 1399 9i2 i3 F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 19.6 19.6 19,9 PSIA
INLET COOLANT TEMP 15§ 163 159 F .
COOLANT INJECTION RATE 9,83 10, 10 11.22 LB/SEC FIRST Iv SEC
1.23 1.20 .16 LB/SEC ONWARD
200 |— TS RUN 2718 T . o
= F
=TT RUN 2919 cLAD = 1399 J
———— RUN 3117 11139F
912°F
LIQUID COLLECTL:
100 —

MASS IN BUNDLE

Figure 3-67.

TIME AFTER FLOOD - SEC

Effect of Initial Clad Temperature on the Mass Remaining in

the Bundle and the Mass of Liquid Collected in the Separator
Tank at 20 Psia Containment Pressure
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FLOODiNG RATE - iIN./SEC

RUN CONDITIONS RUN 2718 RUN 2919 RUN 3117

INITIAL CLAD TEMP _1399 9812 1113 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 19.6 19.9 PSIA

INLET -COOLANT TEMP 156 153 159 “°F

COOLANT INJECTION RATE 9.83 10. 10 11.22 LB/SEC FIRST iY SEC
1.23 1.20 1. 16 LB/SEC ONWARD

|

RUN 2718
RUN 2919
RUN 3117

Figurc 3-68.
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Effect of Initial Clad Temperature on Flooding Rate at
20 Psia Containment Pressure
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TEMPERATURE QUENCH FRONT ELEVATION - FEET

12

RUN CONDITIONS ~ RUN 2718 RUN 2919 RUN 3117
INITIAL CLAD TEMP 1399 912 113 °F
PEAK POWER 0.7 0.7 0.7 KWIFT
PRESSURE 19.6 19.6 19.9 PSIA
INLET COOLANT TEMP 156 153 159 °F
COOLANT INJECTION RATE 9.83 10, 10 11,22 LB/SEC FIRST 14 SEC
1.23 1.20 1.16 LB/ SEC ONWARD
}._.

TIME AFTER FLOOD - SEC

| - RUN 2718
Pl < e e = RUN 2919
e P RUN 3117
‘,,aﬂi-—- 1399°F
113°F
r}{
| | | | I
100 200 300 100 500

Figure 3-69. Fffect of Initial Clad Temperature on Rod Quench
Front Behavior at 20 Fsia Containment Pressure

3-112



ETT-€
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MASS - POUNDS

6959-10

RUN CONDITIONS RUN 4024 RUN 4825 RUN 4923
INITIAL CLAD TEMP 1402 712 it °F
PEAK POWER 0.7 0.7 0,7 KW/FT
PRESSURE 59 60.3 61.0 PSIA
INLET COOLANT TEMP 155 156 158 °F
COOLANT INJECTION RATE  yp,09 10,77 10,52 LB/SEC FIRST _4_SEC
.4 .21 .19 LB/SEC ONWARD
—-— UK %024 /
300 |— ===== RUN 4825
——" RUN 4923
CALCULATED MASS
PUT INTO BUNDLE
200 . _TCLAD = 712°F
1402°F
100 }— / 1111°F
MASS IN
BUNDLE
LiQUID COLLECTED
0

0 100 200 300
‘ R TIME AFTER FLOOD ~ SEC

Figure 3-72. Effect of Initial Clad Temperature on the Mass put into the

Bundle. Mass Remaining in the Bundle, and Liquid Collected
in the Separator Tank at 60 Psia Containment Pressure
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the bundle to quench faster, resulting in improved flooding rate and heat transfer

as shown in Figures 3-73, 3-74, and 3-75. There was no indication of a signifi-
cant increase in the onset of liquid collection with increasing'initial tempera-
ture as shown in Figure 3-72. The rate of liquid collection was somewhat lower

for the higher initial temperature, indicating more vaporization occurring in

the bundle above the quench front.

3.5.3 Peak Power Generation

The effect of peak power generation was investigated at both 20 psia and

60 psia. The three 20 psia runs analyzed were: Run 2822 (0.4 kw/ft peak),
Run 3117 (0.7 kw/ft peak), and Run 3421 (1.0 kw/ft peak). The injection
flow rates and preésure conditions were nearly the same for these runs as well
as the downstream loop resistance. As the rod peak power increased, the
housing initial temperature was increased according to the FLECHT housing
criterion as given in Section 2.4. This series of tests then became a two-
parameter series of tests (Section 3.4): rod peak power and housing initial
stored energy. The effect of rod peak power with the housing heated to

the saturation temperature was discussed in Section 3.4 and it was observed
that increasing the rod power increased the rod quench time but did not
significantly change the midplane heat transfer coefficient,

By heating the housing to match the heat input of an equivalent row of rods,

a housing effect was superimposed on Runs 2822, 3117, and 3421, The midplane
temperature rise, turnaround time, and quench time all increased with
increasing peak rod power and housing temperature as shown in Figure 3-76,

The mass balance for each run indicates that, as the rod power and housing
temperature increase, the mass stored in the bundle decreases, steam flow

in the loops increases,Aand the rate of water collection in the collection
tanks decreases. These trends indicate that as the rod power and housing
temperature increase, more of the water is vaporized before leaving the bundle.
The mass storage in the bundle and the liquid collected are shown in Figure 3-77,
and the flooding rate is shown in Figure 3-78.

3-116

N



FLOODING RATE - IN./SEC -

RUN CONDITIONS

INITIAL CLAD TEMP

PEAK POWER

PRESSURE

INLET COOLANT TEMP
COOLANT INJECTION RATE

RUN 402y RUK 4825

RUN 4923

1402 712 i F
0.7 0.7 0.7 KW /FT

59.0 - 60.3 61.0 PSIA

155 156 168 F

10.99 10.77 10.52 LB/SEC FIRST 14 SEC
1.4 .21 119 LB/SEC ONWARD

=712 F

- RUN 4024
RUN 4825
RUN 4923

L 1

40 60

80

TIME AFTER FLOOD - SEC

100

Figure 3-73. Effect of Initial Clad Temperature on Flooding Rate at

60 Psia Containment Pressure
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TEMPERATURE QUENCH FRONT ELEVATION - FEET

RUN CONDITIONS RUN 4024  RUN 4825  RUN 4923
INITIAL CLAD TEMP 1402 712 i
PEAK POWER 0.7 0.7 0.7
PRESSURE 59.0 60,3 61,0
INLET COOLANT TEMP 155 156 158
COOLANT INJECTION RATE 10.99 10.77 10.52
T 1.19

F
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F |
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LB/SEC ONWARD
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Figure 3-74. Effect of Initial Clad Temperature on Rod Quench Front Behavior

at 60 Psia Containment Pressure
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MASS - POUNDS

RUN CONDITIONS RUN 3421 RUN 2822  RUN 3117
INITIAL CLAD TEMP 1098 1092 1113 F
PEAK POWER 1,0 0.4 0.7 KW/FT
PRESSURE 20.0 19.3 19,9 PSIA
INLET COOLANT TEMP 161 163 159 F
COOLANT INJECTION RATE 11.78 11.00 11.22 LB/SEC FIRST |4 SEC
1,20 .16 1.16 LB/SEC ONWARD
- = RUN 3421
ememe—— RUN 2822
300 |— e RUN 3117 7
' /7
/
/
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/
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Figure 3-77. Effect of Peak Power on the Mass Remaining in the Bundle and the Liquid Collected
in the Separator Tank at 20 Psia Containment Pressure



FLOODING RATE - IN./SEC

I RuN coNDITIONS RUN 3421 RUN 2822_  RUN 3117

INITIAL CLAD TEMP 1098 1092 1113 °F
PEAK POWER 1.0 0.4 0.7 KW/FT
PRESSURE 20,0 19.3 19.9 PSIA
INLET COOLANT TEMP 61 163 159 °F
COOLANT INJECTION RATE 11,78 11,00 11.22  LB/SEC FIRST 14 SEC
1,20 1, 16 1,16 LB/SEC ONWARD
———-——  RUN 342i
- ——————  RUN 2822
n ——————— RUN 3117

PEAK POWER = .4 =

0 100 200 300 400 500 600

TIME AFTER FLOOD - SEC

Figure 3-78. Effect of Peak Power on the Flooding Rate
at 20 Psia Containment Pressure
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The effect of increasing the steam flow rate with increasing rod power and
housing temperature results in a larger loop pressure drop which, in turn,
decreases the bundle flooding rate, shown in Figure 3-78, The result of
decreasing the flooding rate and the mass storage in the bundle is reflected
in the slower quench front velocity (Figure 3-79) and lower midplane heat
transfer coefficient (Figure 3-80).

The effect of peak power variation was also investigated at 60 psia; however,
these tests were some of the earliest Phase A tests conducted and used

coolant injection at the top of the downcomer, The condensation problem
observed using this mode of injection has already been discussed and

these tests were to be rerun., However, the heater rod thermocouple complemeﬁt
was less than 50 percent of the original number forcing the termination of
testing before these runs were repeated, These test conditions will be
examined in Phase B of FLECHT-SET,

3.5.4 Containment Pressure

The effect of containment pressure was analyzed in Run 3117 (20 psia),

Run 4530 (40 psia), and Run 4923 (60 psia). All other conditions were
approximately the same except that the high injection flow rate was somewhat
lower for the 20 psia test. Since the inlet temperature was maintained the -
same, the subcooling was different for each test, making this comparison a

double parameter effect instead of just a single parameter test.

Another problem which hinders data interpretation is the condensation effect
observed in the overflow tanks for the 20 psia run. As mentioned in Section
3.3.2, when overflow occurred the steam in the overflow tank condensed,

causing a local pressure difference between the downcomer and the containment
tank which resulted in flow from the containment to the downcomer. This
additional pressure drop, resulting from the steam flow through a small
diameter vent line, was estimated to be between 1 and 2 psia while overflow
occurred and caused a reduction in the effective downcomer head. Decreasing
the downcomer driving head reduced the mass storage in the bundle, the flooding
rate, and resulted in increased temperature rise, turnaround times, and

quench times for the 20 psia tests. The Phase B design had addressed this
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RUN CONDITIONS RUN 3421 RUN 2822 RUN 3117
INITIAL CLAD TEMP 1098 1092 1113 F
PEAK POWER 1.0 0.4 0.7 KW/FT
PRESSURE 20.0 19.3 9.9 PSIA
12 INLET COOLANT TEMP 161 163 159 F
COOLANT INJECTION RATE 11.78 11.00 11.22 LB/SEC FIRST 4 SEC
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Figure 3-79. Effect of Peak Power on Rod and Housing Quench Front Behavior at 20 Psia Containment Pressure
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MIDPLANE HEAT TRANSFER COEFFICIENT - BTU/HR-FT2-°F

RUN CONDITIONS RUN 3421 RUN 2822  RUN 3117
INITIAL CLAD TEMP 1098 . 1092 113 “F
PEAK POWER 1.0 0.4 0.7 KW/FT
PRESSURE 20.0 19.3 19.9 - PSIA
INLET COOLANT TEMP 161 163 159 °F
. COOLANT INJECTIOR RATE 11.78 11.00 11.22 LB/SEC FIRST_1Y SEC
~ L 1.20 ). 16 1.16 LB/SEC ONWARD
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Figure 3-80. Effect of Peak Power on Midplane Heat Transfer
Coefficient at 20 Psia Containment Pressure



problem, and a larger vent path from the downcomer to the containment has -’
been provided. It is believed that by allowing ample flow from the contain-

ment, the pressure at the top of the downcomer should not decrease, While

the housing effect was not analyzed at 20 psia, it is felt that the large

initial steam generation rates caused by the housing heat release had a

significant effect on the 20 psia data, The larger volume of steam generated

at 20 psia would have reduced the flooding rate the bundle mass storage and

the midplane heat transfer coefficient even more than was observed at 60 psia,

The combined effects of subcooling and pressure on the bundle midplane
temperature rise, turnaround time, and quench time are shown in Figure 3-81.
All three quantities are shown to decrease as containment pressure increases.
Similar trends have been observed in the FLECHT program over a wider range

of ‘pressures with constant subcooling effects (Reference 2).

The loop resistance was the same for these tests and it was observed that the
experimentally measured loop pressure drop was also very nearly the same,

Since the steam mass flow through the loop is proportional to the square

root of the product of the vapor density and loop pressure drop, increasing ),
the system pressure increases the fluid density and results in an increased
vapor mass flow for the same loop pressure drop. Thus a 19 percent higher

mass flow can be achieved at 60 psia than at 40 psia which is consistent

with the measurements. A comparison of the measured vapor flow rates is given
in Figure 3~82, Since more steam can pass through the loop for a given loop
pressure drop, more heat can be removed from the bundle (enthalply of vaporiza-
tion differences are small) and the quench front will advance more rapidly

into the bundle for higher pressures as shown in Figure 3-83., Figure 3-84

shows that the bundle mass storage increases with increasing pressure, and

that the majority of the entrained water does not reach the collection tank g
until after the bundle has quenched for the 60 psia and 40 psia runs. In this
case, the large collection rate in the collection tanks is due to overflow,

since the bundle steam generation has sharply decreased as shown in Figure 3-82,
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VAPOR MASS FLOW RATE - LB/SEC

RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530

INITIAL CLAD TEMP 1111 1113 12 °F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 61.0 19.9 39.6 PSIA

INLET COOLANT TEMP 158 159 161 F

COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST_LY% SEC
1.19 1.16 1.22 LB/SEC ONWARD
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Effect of Containment Pressure on the Vapor Mass Flow Rate
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TEMPERATURE QUENCH ELEVATION - FEET .

RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530
INITIAL CLAD TEMP 1 113 112 F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 61.0 19.9 39.6 PSIA
INLET COOLANT TEMP 158 159 161 F
COOLART INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST 14 SEC
1.19 1.16 1.22 LB/SEC ONWARD
12 }—
\
40 PSIA /
//
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Figure 3-83.

3-129

Effect of Containment Pressure on tHe Rod Quench Front Fnvelope




MASS - POUNDS
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RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530

INITIAL CLAD TEMP i 1113 112 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 61.0 9.9 39.6 PSIA

INLET COOLANT TEMP 158 159 16 | “F
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Figure 3-84. Effect of Containment Pressure on Mass Remaining in Burdle

and Liquid Collected in Separator Tank
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A comparison of the flooding rates is shown in Figure 3-85 for the three
different tests, While the 60 psia and 40 psia’tests had the same amount of
mass injected into the bundle for the first 200 seconds, more mass remained
in the bundle for the 60 psia test, which thereby increased the heat transfer
coefficient as seen in Figure 3-86. The 20 psia run had a considerably lower
flooding rate, less mass storage, and poorer heat transfer coefficient

than either of the other higher pressure tests. Again, it should be
emphasized that the housing effect would be more severely felt at the

lower pressure than at higher pressures. Also, the condensation observed

in the downcomer also decreases the driving head at 20 psia as compared with
the other pressures. These two additional effects help make the 20 psia

heat transfer data lower than the higher pressure data,

The flooding rate variations seen in Figure 3-85 are due to the transient
interaction of the steam generation, loop pressure drop, and mass accumulation
in the bundle, A detailed description of the flooding rate history and these

interactions has been given in Section 3.3.1.

3.5.5  Injection Rate

Tﬁe effect of coolant injection rate int6 the downcomer was examined at both

60 and 20 psia. The 20 psia runs examined were Run 3006 (1.17 lbm/sec constant
injection), Run 2605 (5.7 1b/sec for 28 seconds and 1.23 1lb/sec onward), and
Run 3117 (11.22 1lbm/sec for 14 seconds and 1,16 lbm/sec onward). The injéction
rates for all three cases are shown in Figure 3-87, while the calculated
bundle flooding rates are shown in Figure 3-88. As can be seen in Figure.3—88,
the tests with the larger initial injection rate have an early surge of

coolant into the bundle. This is caused by the larger downcomer driving head
for the higher initial injection rates, which forces the coolant further into
the bundle and results in a2 rapid rise of the vapor for rate which retard the

inflow of water,

The mean downcomer head for each run is shown in Figure 3—89;‘indicating
that the higher injection rate quickly fills the downcomer and results in
a larger driving head earlier in time, The initial surge of water into the
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FLOODING RATE - IN./SEC

3-132

RUN CONDITIONS RUN 4923~ RUN 3117  RUN 4§30
INITIAL CLAD TEMP 1 113 1112 “F »
PEAK POWER 0.7 0.7 0.7 KW/FT N’
PRESSURE 61.0 19.9 39.6 PSIA '
INLET COOLANT TEMP 158 159 161 “F
COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST 14 SEC
.19 i. 16 1.22 LB/SEC ONWARD
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Figure 3-85. Effect of Containment Pressure on Flooding Rate
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RUN CONDIT4ONS RUN 4923  RUN 3117  RUN 4530
INITIAL CLAD TEMP 1 1113 112
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Figure 3-86. Effect of Containment Pressure on Midplane Heat Transfer Coefficient
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INJECTION FLOOD RATE (LBM/SEC)

RUN CONDITIONS RUN 2605 RUN 3006 RUN 3117

INITIAL CLAD TEMP 1104 1115 1113 °F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 20. 1 19.9 PSIA

INLET COOLANT TEMP 167 162 159 F

COOLANT INJECTION RATE 5.7 FOR 28 SEC .17 11.22 FOR 14 SEC LB/SEC

1.23 1,17 .16 LB/SEC ONWARD

- ‘k\\—— 3Nz

L 2605

-+ ¢+

10 20 30 1o 50
TIME (SEC)

Figure 3-87. 1Injection Flood Rates at 20 Psia
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FLOODING RATE - IN./SEC

RUK CONDITIONS - - RUN 2605 RUN 3006
INITIAL CLAD TEMP 1104 - 1115
PEAK POWER 0.7 0.7
PRESSURE 19.6 20.1
INLET COOLANT TEMP 157 162
COOLANT INJECTION RATE 5.7 FOR 28 SEC 1.17
6.0 1.23 1,17

RUN 3117
1113 °F
0.7 KW/FT
19.9 PSIA
159 °F

11.22 FOR I4 SEC LB/SEC
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Figure 3-88.
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Flooding Rates for Runs 3117, 3006, and 2605

3-135

700



DOWNCOMER HEAD - FT

RUN CONDITIONS

RUN 2605 RUN 3006 RUN 3117

INITIAL CLAD TEMP 1104 1115 1113 F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 19.6 20. 1 9.9 PSIA
INLET COOLANT TEMP 167 162 - 159 F

COOLANT INJECTION RATE 5.7 FOR 28 SEC .17

11.22 FOR 1% SEC LB/SEC
1.23 1.7 1.16

LB/SEC ONWARD

S 3006

-

' 3117

|
- k

)

|

)
i

|

!

!

| | l | | I
0 100 200 390 400 500 600
TIME AFTER FLOOD (SECONDS)
Figure 3-89. Downcomer Elevation for Runs 2605, 3006, and 3117
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bundle is reflected in the larger heat transfer coefficients during the early
portion of the transient, as shown in Figure 3-90 and the faster moving quench
front, as shown in Figure 3-91, Both Runs 3117 and 2605 had higher midplane
heat transfer coefficients initially and for the remainder of the transient

than did Run 3006, which had a lower constant injection rate.

The rate at which the water is injected into the downcomer also influences
the heat transfer coefficient, particularly at early times. Comparing

Runs 3117 and 2605, the high injection rates were such that in Run 2605

the mass injection rate was reduced to nearly one-half that of Run 3117, but it
was extended for twice the time so that nearly the same total mass was
injected into the downcomer, The effect of different initial mass injection
rates at early times can be seen in Figure 3-90, which indicates that the
larger the initial injectionArate, the greater the rod heat transfer
coefficient in the initial period of the transient. It is believed that the
heat transfer coefficient increase is caused by the larger downcomer head
which forces more coolant into the bundle resulting in a lower void fraction
at the hot spot and more steam generation (energy removed). At later times,
the heat transfer coefficients are nearly the same because, at later times,
the downcomer head, bundle mass storage and vapor flow rate are nearly the

same for the two runs.

The effect of injection rate on the midplane heat transfer was also
investigated at 60 psia by examining Runs 2023 (10.04 lbm/sec for 14 seconds
and 1,38 lbm/sec onward), and Run 1709 (1.316 lbm/sec constant). The same
trends were observed in the 60 psia data as in the 20 psia data, except

that the difference in the heat transfer coefficient was more pronounced.

The heat transfer coefficients for these two tests are shown in Figure 3-92,
which clearly indicates that the higher injection rate at early time improves
the heat transfer coefficient considerably. The corresponding flooding rates
and downcomer elevations for these two tests are shown in Figure 3-93 and
indicate that the higher injection rate quickly built up a large downcomer
driving head which forced water into the bundle. Because of the large
difference in the density of saturated steam and degree of subcooling between
the 60 psia and 20 psia tests, the same downcomer head will result in more

mass storage in the bundle and less loop pressure drop. Therefore, the
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Figure 3-90. Midplane Heat Transient Coefficient for Kuns 2605, 3006, and 3117

RUN CONDITIONS RUN 2605  RUN 3006  RUN 3117
INITIAL CLAD TEMP 1oy 118 KR F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 19.6 20. | 19,9 PSIA
___ INLET COOLANT TEMP 157 162 159 F i
COOLANT INJECTION RATE 5.7 FOR 28 SEC 1. 17 11.22 FOR |4 SEC LB/SEC 1
.23 .17 .16 LB/SEC ONWARD |
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HOUSING QUENCH FRONT - FT

ROD QUENCH FRONT ENVELOPE - FT

RUN CONDITIONS RUN 2605  RUN 3006 RUN 3117
INITIAL CLAD TEMP 1104 1118 1113 F
PEAK POWER 0.7 0.7 0.7 Kw/FT
PRESSURE 19.6 20. | 19.9 PSIA
INLET COOLANT TEMP 157 162 159 F
COOLANT INJECTION RATE 5.7 FOR 28 SEC |.17 11.22 FOR 14 SEC LB/SEC
" 1.23 117 1.16 LB/SEC ONWARD
N\
L \\ \
b Xy -\~
- '__:>
__-—"——'
a—
-

enmm o e=e RUN 3006
- an es mes RUN 2605

F———RUN 3117

0 100 200 300 400 500
TIME AFTER FLOOD - SEC

e = e RUN 3006
o = o om e RUN 2605

RUN 3117

1 I | I

0 100 200 300 400 500
TIME AFTER FLOOD - SEC

Figure 3-91. Rod Quench Envelope and Housing Quench Front for Runs 3117,
2605, and 3006
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HEAT TRANSFER COEFFICIENT - BTU/HR-FT2- F

RUN CONDITIONS RUN 1709 RUN_2023

INITIAL CLAD TEMP 1106 1112 F

PEAK POWER 0.7 0.7 KWw/FT

PRESSURE 60.3 59.U PSIA

INLET COOLANT TEMP 168 161 F

COOLANT INJECTION RATE 1.316 10.04 LB/SEC FIRST_I4 SEC
100 — 1.38 LB/SEC ONWARD

RUN 1709

0 50 100 150 200
TIME AFTER FLOOD - SEC

Figure 3-92. Midplane Heat Transfer Coefficient for Runs 1709 and 2023, Rod

3-140



DOWNCOMER HEAD - FT

FLOODING RATE - IN./SEC

RUN CONDITIONS RUN 1709  RUN 2023
INITIAL CLAD TEMP L106 1112 °F
PEAK POWER 0.7 0.7 KW/FT
PRESSURE 60.3 59.4 PSIA
INLET COOLANT TEMP 168 164 °f
COOLANT INJECTION RATE  |.32 10.04 _ LB/SEC FIRST 14 SEC
1,32 I.37 LB/SEC ONWARD
16 |— —
4 —
DOWNCOMER HEAD
2 }— P i L
/"“-—n/  \
//
10 | _ -~
4"<;—-— 1709
/7
/
‘,4'
s H —
/
/
/
/
6 H- / 2023 _
/
/
/
/
4 H- / FLOODING RATE 1709 —
. -
—‘
/ -
/ -7
-
!
!
. | | | | |
0 50 100 150 200 250
TIME AFTER FLOOD - SECONDS
Figure 3-93. Downcomer Elevations and Flooding Rate,iRuns 1709 and 2023
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initially high flooding rate quenches the bundle and housing at the lower
elevations very quickly and thereby allows a higher flooding rate, more mass
storage in the bundle, and a larger midplane heat transfer coefficient, Both
of these 60 psia tests were conducted with injection at the top of the

downcomer and were affected by the condensation in the downcomer as discussed
in Section 3.3.2.

Therefore, both 20 and 60 psia reflood heat transfer coefficients improve

as the imitial injection flow rate into the downcomer is increased.
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SECTION 4

SUMMARY AND CONCLUSIONS

4.1 FLECHT-SET PHASE A CONCLUSIONS

1. The flooding rate transient generally began with large oscillations in the
liquid levels in the dowmcomer and test section. The period of the oscil-
lations was V3 seconds, which is the period of liquid level oscillations
of a U-tube with the same dimensions. The oscillations are driven by the
very high heat release rate present early in the transient. It was found
that the quenching of the test section housing was largely responsible for
the initialiy high heat release rate. It is expected that similar
oscillations, although of smaller amplitude, would occur during the
reflood of a PWR.

2. The measured midplane heat transfer coefficients generally show considerable
margin over those obtained from the FLECHT heat transfer correlations
presented in Reference 1, using the measured flooding rate and a simple
time shift to account for the flooding rate history. The margin in
measured over predicted heat transfer coefficients existed for tests
exhibiting large and small oscillations of the core liquid level (i.e.,
Runs 4923 and 4311). It was also noted that when there were liquid level
oscillations but the mean flooding rate was nearly constant, as in
Runs 1709 and 3006, the margin between measured and predicted heat transfer
coefficients was considerably reduced. Thus, the largest margin exists

when there.are lerge variations in the mean flooding rate. Therefore,

the method used to predict the heat transfer coefficlent is very conservative

when the mean flooding rate varies with time. An improved method is

required to better predict the heat transfer coefficients when the flooding

rate varies with time to remove some of the conservatism which exists in the

present method.



There was a significant delay (100 to 200 seconds) before water from the
test section collected in the separator at the end of the hot leg. The
delay was caused by the storage of water in the upper plenum and upper plenum
extension of the test section. The effect the test section geometry had

on the accumulation of water in the upper plenum and upper plenum extension
i{s not known at this time. Additional tests are planned in Phase B to
determine the importance of the upper plenum geometry. However, this
separation effect is present in a PWR upper plenum and it is expected that
a PWR upper plenum would also accumulate a significant amount of water,

The separation effect of the upper plenum is important since it affects

the two-phase quality of the mixture flowing into the steam generators

and the energy release rate to the containment.

The average flooding rates determined for the tests were observed to
fluctuate considerably even after the large 3-second-period oscillations
had decayed. The fluctuations in flooding rate are caused by the same
phenomenon observed in many two-phase flow systems and have been described
as density wave oscillations. A perturbation which results in an increase
in flooding rate initially causes a decrease in steam flow rate as the
void generation is decreased. The resulting decreased loop pressure drop
results in a further increase in flooding rate. Eventually the steam
generation rate increases because the quench front moves up faster,
releasing more stored heat; also the difference between test section
pressure drop and downcomer head results in less driving heat and the
flooding rate decreases. These fluctuations have been observed to have a
period of ~50 seconds. Similar fluctuations are expected to occur in a
PWR.

As expected from the constant flooding rate FLECHT tests, the containment
pressure had the most significant effect on the transient. The quench
time, turnaround times and temperature rise generally decreased and heat

transfer coefficients increased as the containment pressure increased.



,\’/

Similar to the constant flooding rate FLECHT tests, the inlet subcooling

had a significant effect. The steam flow rate increased while the mass stored
in the bundle, flooding rate, and midplane heat transfer coefficient decreased
as the subcooling decreased. This is to be expected since the core elevation

where vold generation begins decreases as the subcooling decreases for a given

flooding rate,

Increasing the initial clad temperature resulted in decreased midplane
temperature rise and turnaround time and increased quench times. With

20 psia containment pressures an increased initial clad temperature
resulted in water being collected in the separator tank earlier in time,
indicating that more entrained liquid was carried out of the test section.
With 60 psia containment pressures, an increased initial clad temperature
also increased the vapor flow rate and decreased the mass stored in the
bundle. There was no indication of a significant increase in the time of

liquid collection with increasing initial clad temperatures at 60 psia,

Increasing the peak power resulted in increased midplane temperature rise,
turnaround time, and quench times and decreased the midplane heat transfer
coefficient. In addition, raising the peak power resulted in higher steam
flow rates, lower flooding rates, and less mass remaining in the bundle.
It should be emphasized that if the FLECHT housing criterion is used,
increasing the peak power also means that the housing initial temperature
is increased. When the peagk power was increased with the housing
temperature unchanged, the midplane heat transfer coefficlent was slightly

improved.

The effect of the housing when heated according to the FLECHT housing

criterion has been shown to be conservative. However, 1t has also been

shown to have a significant effect on the test results, Since the housing

initial stored energy depends of the initial stored emergy of the

heater rods and on the power input up to the expected midplane quench time,
any parameter variation such as rod power, initial clad temperature,
containment pressure, etc., also changes the housing temperature. The
housing heat release rate and steam generation rate are much higher than for

an equivalent row of rods early in the transient. First, the housing heat



release rate is sufficient to drive oscillations in the core and downcomer '

liquid levels which are much larger and longer lasting than those which exist
when the housing is passive. Second, the test results, such as the midplane
rod heat transfer coefficient, are more affected early in the transient by
the change in housing temperature than by the parameter variation being
investigated. For example, it was found that if the housing temperature

was unchanged and the rod peak power was raised, the resulting midplane

heat transfer coefficient was slightly higher. However, when the FLECHT
housing criterion was applied and the housing temperature increased, the
resulting midplane heat transfer coefficient was reduced in the critical

early part of the transient when the rod temperature was being turned

around.

Although the housing effect was not investigated at 20 psia, it is believed

that it would have been even more significant at the lower pressure. Since

the midplane quench times were longer at 20 psia than at 60 psia, the FLECHT
criterion increased the difference between the housing temperature and the
saturation temperature. This, combined with the fact that

the volume of steam produced per Btu is approximately 2.8 times higher N
at 20 psia than at 60 psia, indicates that the housing effect is more dominant

at the lower pressure. Tests are planned in Phase B to investigate the effect

of the housing temperature at 20 psia.

4,2 LOW CLAD TEMPERATURE FLECHT TESTS

These tests extend the range of the FLECHT conditions as close as possible
to the saturation temperature over the initial temperature range from 250°F

to 750°F. The following conclusions may be drawn:

1. Both the amount of liquid entrained and the average mass effluent
fraction are significantly lower than in the high temperature FLECHT

tests.

2. With initial clad temperatures very close to saturation temperature,
the bundle quenches at nearly the cold f1ll rate with little or no
liquid entrainment.

b=t




3. As the initial clad temperature increases, the temperature quench front
diverges progressively further from the cold fill rate. This effect is
greater at 20 psia than at 60 psia, but in both cases the 4 ft eleva-

tion is reached before significant mass effluent fractions are measured.

4., The mass of liquid collected and the average mass effluent fraction up

to the time of the midplane quench increase as:

a. Flooding rate decreases
b. Initial clad temperature increases
c. Pressure decreases

d. Peak power increases

Coolant subcooling showed no significant'effect.

4,3 TOP INJECTION TESTS

The top injection tests performed in FLECHT-SET Phase A indicate that

core cooliﬁg can be obtained by this mode of ECC injection. It is also

evident that the individual rod temperatures will remain at elevated temperatures
for longer periods of time than a comparable bottom flooding FLECHT test with

the same injection flow rate. The top injection flow distribution is a sensitive
parameter in these tests and can result in only marginal cooling for rods

which are removed from the coolant injection locationm.

The most significant parameters on the temperature history and rod heat
transfer were the amount of injection water subcooling, injection flow rate,
and whether the water was allowed to accumulate in the lower plenum of the
test section. The hot injection water resulted in more steam generation which
helped to maximize any flow redistribution effects within the bundle so that
better cooling was promoted., Cold injection water resulted in cold water

channeling which created bundle hot spots.



If sufficient injection water is used, the flow maldistribution effects are
also minimized and all rods receive some cooling. It should be noted that the
injection flow rate was increased by a factor of 2.3 at approximately 82°F and
the resulting peak temperatures were higher than the case with lower injection
flow which was heated to 180°F., Therefore, the primary mechanism for

mixing and promoting improved cooling appears to be the amount of steam

generation in the bundle.

If the top injection water is allowed to accumulate in the bundle, the cooling
performance of the bundle is significantly improved so that rod quenches
typical of FLECHT occur. The maximum temperatures observed in this system
configuration were lower than those observed in tests with similar system

parameters but, in which no water was allowed to accumulate in the bundle.
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FLECHT-SET RUN SUMMARY SHEET
RUN NO. 1510
DATE 8/18/72

RUN CONDITIONS

Containment Pressure 55.2 psia

Initial Clad Temperature 1112 °F »

Peak Power 0.7 kw/ft

Coolant Supply Temperature 164 °F

Injéétion Rate 10.441b/sec first 14 se;, 1.37 1lb/sec after 14 sec

Loop Resistance Coefficient (Aploo'p‘/1/2 pV hotleg) 30.0

INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature -
(ft) °m
-0 294
2 405
4 508
6 548
8 507
10 , _ 420
12 : 350



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 1510
DATE 8/18/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp., Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2' 675 713 8 15
SF/4!
S5F/6'
5F/8!
S5F/10" 712 808 40 51
5G/2" 664 707 9 16
5G/4'
5G/6' 1112 1263 41 121
5G/8! 978 1109 41 146
5G/10° 706 799 41 91
6G/2! 674 714 9 16
6G/4° 946 1008 10 63
6G/6"
6G/8’
6G/10" 698 775 37 64
3H/2!
3H/4' 943 1008 34 71
3H/6' 1077 1243 35 117
3H/8! 906 1101 72 146
3H/10' 657 773 77 136
4G/4° 1041 1108 10 65
4G/6" : 1108 1279 41 115
4G/10°' 687 784 43 62
4H/4" 945 1118 15 72
4H/6"
4H/10° 688 792 49 113
7D/4" 939 1003 10 68
7D/6° 1047 1175 40 115
7D/10'




MASS-POUNDS

RUN NO. 1510

PRESSURE 55.2 psia
INITIAL CLAD TEMP . 1112°F
PEAK POWER . ‘ 0.7 kw/ft
COOLANT INJECTION TEMP 164°F
INJECTION FLOW RATE "10.44 1b/sec first 14 sec
: oo ' 1.37 1n/can aftnar 1/ sec
200 — //
/ /'
150 — /////
CALCULATED MASS . "’
PUT INTO TEST . s SUM
SECTION o/ e
100 - ,/’///
», ‘ .
_ ~
/ VAPOR — -
. . //
/ / ‘/./.
50 |- S Rl
/ //'/‘,ZSTORED IN BUNDLE
l." ,/' // 2 i
/ :'// //‘ | .-
' LIQUID 'z .7
i -/ I I "/,/
(1] —
0

50 100 150

TIME AFTER FLOOD-SECONDS |
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CONDENSATION:

END OF DELAY CAUSED BY

T

b
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FLOODING RATEfIN/SEC

™~

RUN NO. | 1510

PRESSURE 55.2 psia

INITIAL CLAD TEMP 1112°F

PEAK POWER 0.7 kw/ft

COOLANT INJECTION TEMP 164°F

INJECTION FLOW RATE 10.44 1b/sec first 14 sec

1.37 Yh/gec 2Ffto- 14 gen’
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HEAT TRANSFER COEFFICIENT (BTU/HR/FT**Q. -G F)

CLAD TEMPERATURE (DEG. F)

%

RUN NO. 11510 G
INITIAL CLAD TEMP - 1112°F
100.000 PEAK POWER B - 0.7 kw/ft
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HEAT TRANSFER COEFFICIENT (BTU/HR—FTZ—DEG F)
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RUN NO. | 1510

PRESSURE : ; 55.2 psia
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B.

FLECHT-SET RUN SUMMARY SHEET

RUN NO. 1709
DATE 8/23/72

RUN CONDITIONS

Containment Pressure
Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 1.32 1b/sec first

Loop Resistance Coefficient (Aploop/1/2 pV

INITIAL HOUSING TEMPERATURES

Elevation

(ft)

v O~ N O

10
12

60.3 psia
1106 °F
0.7 kw/ft
168 °F
sec, lb/sec after

2
hotleg) 29.1

Initial Temperature
(°F)
285
406
482
540
510
408
292

sec



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 1709
DATE 8/23/72

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp., Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
SF/2! 651 752 25 41
5F/4°'
S5F/6'
S5F/8'
SF/10! 726 1039 93 181
5G/2' 641 741 24 42
5G/4!
5G/6' 1106 1551 77 192
5G/8' 990 1453 98 238
5G/10' 712 1021 89 194
6G/2! 651 752 24 42
6G/4" 923 1140 36 126
6G/6' :
6G/8'
6G/10' 699 974 90 184
3H/2'
3H/4' 902 1146 38 126
3H/6"' 1055 1489 75 187
3H/8" : 907 1378 99 223
3H/10° 652 978 94 234
4G/4" 1016 1268 40 130
4G/6° 1104 1581 83 188
4G/10' 696 1007 92 199
4H/4° 917 1165 54 132
4H/6" '
44/10° 691 1004 92 213
7D/4! 921 1153 35 127
7D/6° 1055 1460 76 191
7D/10°*
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MASS-POUNDS
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i RON NO. 1709 .
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HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

N\

CLAD TEMPERATURE (DEG. F)

PRESSURE . '60.3 psia
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TU/HR-FT°-DEG F)
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RUN NO. ~ 1709 .
PRESSURE , © 60,3 psia i
INITIAL CLAD TEMP T1106°F - .
PEAK POWER _ - 0.7 ka/ft -
COOLANT INJECTION TEMP —168°F .
INJECTION FLOW RATE 1.36_1b/sec ;
K "2 prepICTION
7D-6" D I'
(DATA) 7 .
4
!
)
I"
s
1 |
50 100 150 200
TIME AFTER FLOOD-SECONDS ;

A-14



FLECHT-SET RUN SUMMARY SHEET
RUN NO, 1827
DATE 8/28/72

~ RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 9.63 1b/sec first 14 sec,

Loop Resistance Coefficient (Aploop/1/2 pV2

INITIAL HOUSING TEMPERATURES

Elevation

(fr)

n &~ v O

‘10
12

A-15

hotle

39.5
1112
0.4
161

1.36 1b/sec after 14 sec
28.0
g)

Initial Temperature

psia
°F
kw/ft
°F

(°F)
290
375
437
472
440
365
290



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 1827
DATE 8/28/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp, Temp. Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2" 709 736 8 26
5F/4!
5F/6"
5F/8' 909 956 23 78
5F/10' 694 729 29 36
5G/2"* 701 726 7 22
5G/4"
5G/6"' 1112 1150 12 93
5G/8’ 963 999 20 90
5G/10' 678 711 29 35
6G/2* 707 731 8 22
60/4: 952 978 9 56
6G/6
6G/8' ,
6G/10"' 669 689 18 36
3H/2'
3H/4! 938 970 11 60
3H/6" 1052 1091 23 83
3H/8' 875 911 16 91
3H/10' 589 634 28 48
4G /4" 1036 1063 11 50
4G/6" 1100 1138 14 83
4G/10' 653 678 19 29
4H54: 941 975 12 60
4H/6
4H/10' 743 761 15 36
7D/4" 949 979 9 61
7D/6" 1067 1103 12 87
7D/10°" 669 716 25 46
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200
250 |-
N/
(72}
=
=
= 100
Q-
[}
7,
n
<
=
50
o
0
N

‘RON NO.

PRESSURE

INITIAL CLAD TEMP
PEAK POWER o
COOLANT INJECTION TEMP
INJECTION FLOW RATE

CALCULATED MASS
PUT INTO HOUSING

1827
©.89.5.psia
= 1112°F & on . o
0.4 kw/ftA-~_-¢
161°F -

- ?.63 1b/sec first 14 sec
. 1,36 1b/sec af;er 14 sec

STORED IN STEAM PROBE
«TQNK & UPPER PLENUM.

%ﬂ/ '*1_ St
/ 2
™ T STORED IN BUNDLE
/A/
X o®
B YO S S
Ve ’ Q'/
/,/;’/,Ef
7
fsp.é/
\'_}a/@# 4 1 1
AY 50 100. 150
8

TIME AFTER FLOOD-SECONDS _ _ .. .
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IN/SEC

FLOODING RATE

G

RUN NO. 1827
PRESSURE * 59.5 psia:
INITIAL. CLAD TEMP 1112°F = -a
PEAK POWER ‘ 0.4 kw/ft B
COOLANT INJECTION TEMP 161°F i

INJECTION FLOW RATE

'
I

9.63 lb/sec first 14 sec
1. 36A1b/sec after lk_gec

i |

- 50 100

TIME AFTER FLOOD-SECONDS
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1112°F o~

‘1827
" 59,5 pgla - -

INITIAL CLAD TEMP
PEAK POWER .

RON NO.
PRESSURE

0.4 kw/ft

9.63 1lb/sec first 14 sec
1.36 lb/sec after 14 sec

9 . ;
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100

[¢2]
o

(oA
(=]

40

[3%3
o

HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

RUN NO.

PRESSURE

INITIAL CLAD TEMP
PEAK POWER .

COOLANT INJECTION TEMP
INJECTION FLOW RATE

1827

" 59,5 psia

1112°F

0.4 kw/ft

161°F. .

. 9.63 1b/sec first 14 sec

1,36 1b/sec aftgt 14 sec

TIME AFTER FLOOD -
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A,

B.

FLECHT-SET RUN SUMMARY SHEET
RUN NO, 1926
DATE 8/29/72

RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 12.91 lb/sec first 14 sec,

59.2
1120
1.0
163

psia
°F
kw/ft
°F

1.65 lb/sec after 14

Loop Resistance Coefficient (Aplooplllz pvzhotleg) 27.0
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 332
2 506
4 596
6 716
8 664
10 520
12 393

A-21
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 1926
DATE 8/29/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Tenp. Time Time

Rod/Elev, (°F) (°F) (Sec) (Sec)
SF/2' 731 787 13 39
SF/4'

S5F/6'

S5F/8' 936 1226 44 231
5F/10" 734 1003 128 231
5G/2' 720 781 16 37
5G/4?

5G/6' 1116 1529 96 202
5G/8' 986 1360 105 256
5G/10"' 725 994 102 204
6G/2' 726 791 15 36
6G/4! 969 1138 32 130
6G/6"

6G/8' :

6G/10' 713 946 113 165
34/2

3H/4" 964 1143 36 129
34/6" 1099 1487 93 197
34/8" 907 1322 113 238
34/10' 660 960 128 259
4G/4" 1057 1288 36 . 135
4G/6° 1120 1580 104 202
4G/10' 698 974 122 199
4H/4" 971 1173 37 136
4H/6"

4H/10' 696 990 115 243
7D/4" 970 1150 33 131
/6" 1074 1418 85 196
7D/10'

A~22



RUN NO. 1926
PRESSURE 5 ' 59 psia
INITIAL CLAD TEMP Fet 1120°F oo
300 PEAK POWER G 1.0 lwffE o
'COOLANT INJECTION TEMP* - 163°F - - —
INJECTION FLOW RATE - - 12.91 1lb/sec first 14 sec
T . " 1.65 1lb/sec after 14 sec
400 | P
*CALCULATED MASS *- STEAM PROBE TANK
PU’I' I;leO BUNDLE , -5 -& UPPER PLENUM
300
a
=
=
&
L
[74]
(7]
< 200 |- - /
4//// ’//:ET;APOR
/t:. /&
100 . //////s &
W/ 1':‘\.’ . ’B’?g/
w/ / AK; *z LIGUID
J;(ﬂ A STORED IN BUNM iuts.
0 ‘7'/\/ | D ] 1 |

100 200 300 - 400

_TIME AFTER FLOOD-SECONDS ! .
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IN/SEC

FLOODING RATE

A-24

i
| RUN NO. 1926 .
- PRESSURE 59 paia - F
- INITIAL CLAD TEMP 1120°F = .- -
P PEAK POWER 1.0 kw/ft .-
Cob - COOLANT INJEQTION TEMP 163°F - ool i
S INJECTION FLOW RATE 12.91 1b/se¢ first 14 sec
i y . 1.65 1b/sec after 14 sec
O

K

|
I

Il

l

|

@ ___0—®
\ / — 0
. Jo
= O]
| Oy
@
l 1 1 | a |
o 50 N 100 150 ,200 250
TIME AFTER FLOOD-SECONDS




HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

100.000 T T I
{ ‘i Foy)
:
90.000 { I |3
: H
80.000 f S
» b i e
70.000 | oo IR R VA
‘ il }
60.000} ? /1ﬂu rj i g
50.000 ot // : !
A : L .
P&
40.000 NI
,\.' f‘qs/l
30.000 i !
20.000 -! ) ": oty 3 — \ " o r.‘l"*"J“mﬂ B ::
10.000 | j 7 '{ o
0.0 %/ ' i .
98 § 8 & § 8 8 8 8 8
P ? . . o o o c o o. >
8 8 & & =2 &8 g § £ 8
TIME (SECONDS)
RUN No. . 1926
PRESSURE " 59 psia
INITIAL CLAD TEMP 1120°F
2000.0 - PEAK POWER - 1.0 kw/ft
COOLANT INJECTION TEMP 163°F
INJECTION FLOW RATE 12.91 1b/sec first 14 sec
. N 1.65 1lb/sec after 14 sec
]600.0 75-.<p, ........ - . , .
// ] J\ :
—-——/'-”—-
P
1200.0 //77Acff:?”A e
,";. \T\\~ ] e
// -rNu—v\-ﬂ"“‘".' il
800.00;,;:1\\ R R
. \‘5/7 | 2 ‘
400.00 ) ‘ . . — -
" -— — N V_
0‘0 o o o o o o
< § &8 8 &8 &8 8 8 8§ 8 8
o 2 . . o o o o o =) o
3 S s = - = < & & a

TIME (SECONDS)
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HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

100

RUN NO. 1926

PRESSURE 59 psia

INITIAL CLAD TEMP 1120°F -

PEAK POWER 1.0 Wajft
su L COOLANT INJECTION TEMP - 163°%

INJECTION FLOW RATE 12.91 lb/sec first 14 sec

. . 1.65.1b/sec after 14 gec
60 |- S ’."\‘
I” '/
’ /‘
PREDICTION Z;j /‘
J N
40 |- ’ .»-'/
e v 2 7D-6"' (DATA)

20} TN e AV

.:—o/a' .

el l:
-“
. ';/'
0 i L i 1 ] 1
0 50 100 150 ZOD 250

. TIME AFTER FLOOD-SECONDS



FLECHT-SET RUN SUMMARY. SHEET
RUN NO. 2023
DATE 9/1/72

A, RUN CONDITIONS

B,

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 10.04 lb/sec first 14 sec,

Loop Resistance Coefficient (Aploop/1/2 sz

INITIAL HOUSING TEMPERATURES

Elevation

(ft)

om o N O

10
12

A-27

59.4
1112
0.7
161

psia
°F
kw/ft
°F

1.38 1lb/sec after 14

hotleg

) 29.9

Initial Temperature

(°F)
287
435
471
525
485
402
293

sec



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 2023
DATE 9/1/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp, Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
S5F/2! 702 739 7 : 11
5F/4!

5F/6" .
SF/8' 891 1004 20 119
5F/10' 678 776 48 119
5G/2' 691 734 7 26
5G/4" .
5G/6’ 1112 1250 25 121
5G/8' 956 1092 49 150
5G/10' 666 761 47 117
6G/2' 698 739 7 12
6G/4" 949 1010 11 68
6G/6"

6G/8'

6G/10'

3H/2°

3H/4° 947 1022 16 75
3H/6° 1047 1220 33 116
3H/8! 875 1038 59 130
3H/10' 607 731 46 57
4G/4!0 1054 1135 17 ‘ 66
4G/6" 1110 1278 41 111
4G/10° 641 . 754 34 50
4H/4Y 946 1033 19 77
4H/6'

4H/10° 642 747 36 57
7D/4" 948 1010 11 72
7D/6" 1052 1176 27 119
n/10t 623 738 25 106
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200 |

MASS~POUNDS

100

RUN NO.

PRESSURE

INITIAL CLAD TEMP
PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

CALCULATED MASS
PUT INTO TEST

2023

59.4

psia

1112°

F

0.7 kw/Ec3

161°F

10.04 1b/sec first 14 sec
1.38 1b/sec after 14 sec

/
/S

' SECTION s/ /

[

ta

&

AND STEAM PROBE TANK

/’l—- SUM

’ . .

// /l STORED IN UPPER PLENUM

VAPOR =, /c'-/é
~<C - % STORED IN BUNDLE
ol
7
| o PPk *— LIQUID
100 200

TIME AFTER FLOOD—SECONDS 3
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FLOODING RATE-IN/SEC

-
]
|
r
} RUN NO. - 2023
5 PRESSURE 39.4 psia
i INITIAL CLAD TEMP 1112°F .
PEAK POWER 0.7 kw/ft ~
— COOLANT INJECTION TEMP . 161°F '
INJECTION FLOW RATE 10.04 1b/sec first 14 sec
1.38 1b/sec after 14 sec
E
| { ~r
‘; /-" \-
: /
~ s
] ] | |
0 50 100 150 200
TIME AFTER FLOOD-SECONDS
N
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N

CLAD TEMPERATURE (DEG. F)

HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

RUN NO. 2023
PRESSURE 59.4 psie
INITIAL CLAD TEMP 1112°F .
PEAK POWER ' 0.7 kw/ft -
100.000 COOLANT INJECTION TEMP 161°F
INJECTION FLOW RATE 10.04 1b/sec first 14 sec
90.000} - JE) 1.38 1b/sec after 14 sec
80.000 Lk ( ’
70.000 2T §z-§
v 1 -
! i v
60.000} ! R e RS, A -
50.000{f o~ | £ e
kb' I X
40.000} | . ! ;
1 \v’l
.00 - | Y| T SR R -
‘,’\J' 2 -M- le
20.000 -1 A S S, B
I.’ ,’ .f“" rw.‘-“‘n ¥
10.000 kzll,f: -t - - - — i
0.0 -
J g8 8§ & © & & & 8 8 8
o . . . o o o o‘ o' > N
8 &8 & & B2 8 5 § § 8
TIME (SECONDS)
2000.0 .
1600.0
1200.0 | 7Y
T
/—§\\_ F{W\ Se-p’
800-00+ o RN e I\ \f'r i
:’,,'P e Y K ﬁ"’}l‘l“ \ )
\ fie e ‘5’/0’“\}
\
400.00} ' S AN R —
VAN N = 9
g”?‘ = ——
0.0 .
o S 8 S 8 8 8 e 8 8 8
c : ‘; S 8 e s © o o S
& 3 & = - 2 & & N a

TIME (SECONDS)
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HEAT TRANSFER COEFFICIENT (BTU/HR-FTQ—DEG F)

100

80

60

40

20

RIN NO.
PRESSURE

INITIAL CLAD TEMP
PEAR POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

2023

i 59.4?813 Foaen

1112°F et "i-.—‘,-"' "L

0.7 kw/ft <.

'10.04 1b/sec first 14 sec

1.38 1b/sec after 14 sec

.7D-6' (DATA) I

!

L]
.
)
oy

R //”L 'PREDICTION

| 1 |

50 . 100 150
TIME AFTER FLOOD-SECONDS
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A}

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 2207
DATE 10/5/72

A. RUN CONDITIONS

Containment Pressure 22*% psia
Initial Clad Temperature 1100 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 160 °F

Injection Rate 12.12 lb/sec first 14 sec., 1.19 1lb/sec after 14 sec.
Loop Resistance Coefficient (Aplobp/lIZQVZ hotleg) 31

B. INITIAL HOUSING TEMPERATURES

Elevation _ Initial Tempefature
(£t) | (°F)
0 231
2 428
4 488
6 599
8 568
10 428
12 295

*Pressure control was not good, 20.3 psia to 23.5 psia
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C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2"
5F/4°
5F/6"'
5F/8'
5F/10'

5G/2!
5G/4"'
5G/6°’
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10°'

3H/2'
3H/4'
3H/6'
-3H/8'
3H/10'

4G/ 4’
4G/6'
4G/10'

4H/4
4H/6°
4H/10'

7D/4"
7D/6"
7D/10"'

FLECHT-SET RUN SUMMARY SHEET (Cont)

Initial
Temp.
(°F)

RUN NO. 2207
DATE 10/5/72

Max. Turnaround Quench
Temp. Time Time
(°F) (Sec) (Sec)
1261 . 162 361
991 123 328
538 0 5
1457 101 258
1338 130 338
983 119 308
550 0 5
918 54 98
945 135 297
1400 106 253
1304 132 372
941 137 >407
1019 56 113
1489 107 270
921 159 206
- 990 56 109
967 130 367
922 41 93
1322 99 242

A-34



;\\/

700

600

500

MASS - POUNDS

400

300

200

100

i

1 -+ 1!
RUN NO.
PRESSURE
INITIAL CLAD TEMP - .
PEAK POWER

COOLANT INJECTION TEMP -

INJECTION FLOW RATE

[

e e

CALCULATED INPUT FLOW

2207 o

20 psia -

1100°F

.7 kw/ft

165°F

12.1 1lb/sec 14 sec

1.2 1b/sec

@
/
/

4

e

/

L od
o —&— #% STORED IN BUNDLE

- STORED IN UPPER PLENUM
AND STEAM PROBE TANK

b

g :
‘; .SUM i

,0

.- - -

. VAPOR
m;‘VAP _

» LIQUID
. .

i .
/ EO/ e __.——A"":‘/“ '
& —& ,-&""'_”A J— @
0} 1 P 1 | I |
0 100 1200 300 - 400 500 600
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FLOOD ING RATE (IN/SEC)

¥ ‘
|
=
! RUN M. 2207
| PRESSURE 20 poia: e
! INITIAL CLAD TEMP - __1100°F T
i PEAK POWER o kw/ft o v
! COOLANT INJECTION TEMP ___165°F -
! INJECTION FLOW RATE - 12.1 1b/sec 14 sec
. ' 1.2 1lb/sec
i > b
i < %
{
'\ y
¢
E
| / ©
\ /0’
o ® e
e T
100 200 - 300 400 500 600

TIME AFTER FLOOD (SEC)
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6€-V
HEAT TRANSFER COEFFICIENT {BRU/HR-FT2-DEG F)

50

40

"~ 30

20

MIDPLANE HEAT TRANSFER COEFFICIENT RUN 2207

~e

RON NO. ' 2207 ¢

l
[}
|
]
|
1
]
o ]
PRESSURE ) 20 psia ! o
-TNITIAL CLAD TEMP o 1100°F _ 'f" 7D-6' MEASURED
PEAK. POWER . - - ____-___.7 kwlf: , ; )
~CNLANTINJECI"IONTM,Z 165°F : i o
TRIBCTION FLOW RATE _.__ —_ 12,1 Ibi'sec SUW sec i «+ 1" IN/SEC
: IR -~ 1.2 1b/sec ! pngﬁxcrlou
. ////,
o /
. ’
PV . /d “— VARIABLE FLOODING,
, ) BATE PREDICTION
e - / LN &
: m @, o
c : L
190 , 200 300

TIME AFTER FLOOD (SECONDS)







FLECHT-SET RUN SUMMARY SHEET
RUN NO., 2605
DATE 10/18/72

RUN CONDITIONS

Containment Pressure 19.6 psia
Initial Clad Temperature ' 1104 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature | 157 °F

Injection Rate 5.7 lb/sec first 28 sec., 1.23 lb/sec. after 28

Loop Resistance Coefficient (Aploop/I/vazhotleg) 30
INITIAL HOUSING TEMPERATURES
Elevation | Initial Temperature
- (ft) (°F)
0 : 254
2 420
4 | 521
6 636
8 600
10 / 428
12 ‘ 241
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 2605

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

SF/2'
5F/ 4’
5F/6’
SF/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6"’
6G/8'
6G/10'

3H/2'
3H/4'
3H/6"'
3H/8’
3H/10°

4G/4"
4G/6"
4G/10°

4H/4°
4H/6°
4H/10"

4D/ 4"
70/6"
7p/10'

DATE 10/18/72
Initial Max. Turnaround
Temp. Temp. Time
(°F) (°F) (Sec.)
596 630 13
962 1265 151
733 1038 183
586 615 10
1097 1511 132
1001 1356 152
718 1017 180
594 628 11
884 883 81
708 982 168
878 1013 88
1069 1473 123
935 1398 156
660 969 168
983 1150 77
1104 1551 136
700 977 159
893 1082 88
698 992 170
883 1012 34

1048 1406 113

A-42

Quench

Time
(Sec.)

16

426
448

17
311

448
299

16
140

382

145
300
431
436

157
322
327

151

410

131
294



MASS-POUNDS

i

600

500

400

300

200

100

RUN NO. 2605
PRESSURE C 20 .psia’
INITIAL CLAD TEMP - - .- 1104°F
PEAK POWER - ' .7 kw/ft
— COOLANT INJECTION TEMP 160°F S o
INJECTION FLOW RATE 5.7 1b/sec for 28 sec

- 1.23 1lb/sec onward

:V"'_ STEAM PROBE TANK
:& UPPER PLENUM

C .

_CALCULATED MASS
*PUT INTO HOUSING

o— VAPOR

B /n/sz/ . // ' LIQUID

__@._l STORED IN BUNDLE

1 1 [ 4
00 . 200 300 400 500 600
TIME AFTER FLOOD-SECONDS |
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FLOODING RATE-IN/SEC’

-
!

2605
(6‘ PRESSURE 20 psia
INITIAL CLAD TEMP . 1104°F _
: PEAK POWER «7 kw/ft
2.0k COOLANT INJECTION TEMP 160°F

‘ INJECTION FLOW RATE

5.7 1b/sac for 28

sec

1.23 1b/sec onward

0 100

200 300
TIME AFTER FLOOD-SECONDS
' A4

400

500

600
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HEAT TRANSFER COEFFICIENT - BTU/ HR-FTZ-DEG'F

L9~y

w - | | -~ 7D-6' MEASURED
RUN NO. S 2605 : — "
PRESSURE . T 20 paia’ '
INITIAL CLAD TEMP - . 1104°F . . | J

40 COOLANT INJECTION TEMP 160°F - - | /=1 IN/SEC
INJECTION FLOW RATE =~ 5.7 lb/sec for 28 se i ‘ /  .PREDICTION

~ 1.23 Ib/sec onward ! { ! e
-—— - SN C e s . - | ’

VARIABLE FLOODING
RATE PREDICTION
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FLECHT-SET RUN SUMMARY SHEET
RUN NO. 2718
DATE 10/19/72

A. RUN CONDITIONS

Containment Pressure 19.6 psia
Initial Clad Temperature 1399 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 156 °F
Injection Rate 9.83 lb/sec. first 14 sec., 1.23 lb/sec. after 14 sec.
Loop Resistance Coefficient <Aploop/l/2°v2hotleg) 31 ‘
B. INITIAL HOUSING TEMPERATURES
\__/ Elevation Initial Temperature
(ft) (°F)
0 247
2 ’ 429
4 547
6 654
8 603
10 . 453
12 292
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NOo. 2718
DATE 10/19/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench

Temp. Temp. Time Time
Rod/Elev. °F (°F) (Sec.) (Sec.)
5F/2' 752 764 5 22
S5F/4' -—
5F/6' —
5F/8!' 1172 1417 80 488
5F/10' 859 1055 234 449
5G/2' 739 753 5 13
5G/4' -—- _
5G/6' 1397 1686 102 361
5G/8' 1236 1425 51 484
5G/10' 845 1021 144 315
6G/2' 751 764 4 12
6G/4" 1125 1152 8 196
6G/6' —
6G/10' ‘ 833 977 145 405
3u/2' -
3H/4" 1126 1173 10 200
3H/6' 1358 1630 115 356
34/8' 1151 1489 143 486
3H/10' 791 965 148 348
4G/4"' 1261 1302 9 211
4G/6’ 1399 1769 120 373
4G/10° 825 993 ' 130 ' 316
4H/ 4" 1141 1199 26 206
4H/6" -
4H/10' 830 995 147 409
4D/4" 1131 1172 9 197
/6" 1331 1565 108 350
70/10' -
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MASS - POUNDS
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RUN NO. : / 2718 :
PRESSURE : 20 psia 4
INITIAL CLAD TEMP 1399 °F

PEAK POWER - .7 kw/ft
COOLANT INJECTION TEMP 155°F
‘INJECTION FLOW RATE 9.8 lb/sec 14 sec

1.23 1b/sec

.STORED IN UPPER
VPLENUM AND STEAM
?@oBE TANK

. CALGULATED INPUT FLOW 7 -
- 3
e
e
}‘l
sy 7 ..
4{/ e~ VAPOR.
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/ —

e T £ LIQUID
L /e’ /Q‘/ .
: & STORED IN BUNDLE
.
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100 200 -360 400 200 600
TIME AFTER FLOOD-SECONDS
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FLOOD ING RATE (IN/SEC)

it

RUN WO,

PRESSURE

INITIAL CLAD TEMP

PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

Run 2778

2718

L

20 psia

1399 °F

.7 kw/ft

155°F

9.8 1b/sec 14 sec

1.23 1b/sec

]
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.10Q . 200 300 VAN =00 600
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PRESSURE : i 20 psia ol
INITIAL CLAD TEMP | 1399 °F
! PEAK POWER ! 7 kw/ft
40— ‘COOLANT INJECTION TEMP 155°F
INJECTION FLOW RATE 9.8 1b/sec 14 sec
| 1.23 lp./sec
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FLECHT-SET RUN SUMMARY SHEET
RUN NO. 2822 '
DATE 10/20/72

RUN CONDITIONS

Contalnment Pressure : 19.3 psia
Initial Clad Temperature 1092 °F
Peak Power 0.4 kw/ft
Coolant Supply Temperature 163 °F

Injection Rate 11.0 1lb/sec. first 14 sec., 1.16 lb/sec. after 14 sec.

Loop Resistance Coefficient (Aploop/1/2°vzhotleg) 33
INITIAL HOUSING TEMPERATURES
Elevation Initial Temﬁerature
(ft) (°F)
0 219
2 | 358
4 425
6 502
8 474
10 ' 350
12 ‘ 270

A-~57



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 2822
DATE 10/20/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench

Temp. Temp. Time Time
Rod/Elev. (°F) (°F) (Sec.) (Sec.)
5F/2' 604 612 3 9
SF/4' -—
SF/6' -—
5F/8' 927 984 26 180
5F/10' 696 712 11 38
5G/2' 594 600 4 7
5G/4' -
5G/6’ 1089 1163 45 159
5G/8' 968 1016 31 180
5G/10’ 684 718 50 52
6G/2' 602 611 5 6
6G/4"! 887 901 6 58
6G/6' -—
6G/8' -
6G/10' 671 700 47 119
3H/2' -—
3u/4' 886 904 7 77
3H/6"' 1055 1118 41 149
3H/8' 907 999 51 191
3H/10' 634 679 39 69
4G/ 4! 987 1002 8 78
4G/6' 1092 1170 40 155
4G/10' 670 713 30 32
4u/4’ 904 921 12 83
41/6" —
4H/10" 665 682 28 43
/4! 889 903 6 79
D/6" 1038 1085 43 150
7p/10" -——
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FLOODING RATE-IN/SEC

RUN NO. 2822

PRESSURE 20 psia
INITIAL CLAD TEMP 1092°F
4 PEAK POWER 0.4 kw/ft
| COOLANT INJECTION TEMP 160°F

| INJECTION FLOW RATE '11.0 1b/sec for 14 sec

1.16 1b/sec onward

N
1
\

TIME AFTER FLOOD-SECONDS
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HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

50

40

30

Lt |

7D-6" MEASURED —.»!

|
]
|
* <
|
A
K
/ ’
‘ ’ ’

«

. RUN NO. ~

7 PRESSURE f

' INITIAL CLAD TEMP
PEAK POWER

.COOLANT INJECTION TEMP
INJECTION FLOW RATE

-

/,H VARIABLE FLOODING, e~— 1 IN/SEC
*'j ] RATE PREDICTION , PREDICTION

2822

20 psia

1092°F

0.4 kw/ft

160°F

11.0 lb/sec'for 14 sec

1.16 1b/sec onward

100

200

TIME AFTER FLOOD-SECONDS

300






B.

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 2919
DATE 10/21/72

RUN CONDITIONS

Containment Pressure 20.1 psia
Initial Clad Temperature 912 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 153 °F
Injection Rate 10.1 1lb/sec first 14 sec, 1.2 lb/sec after 14
Loop Resistance Coefficient (Aploop/1/2 pv2hot1e3)33‘l
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 248
2 411
4 500
6 584
8 536
10 , 410
12 1239

A-65
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 2919
DATE 10/21/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time
Rod/Elev, (°F) (°F) (Sec) (Sec)
SF;E: 555 581 6 11
SF _—
SF/6'
5F/8! 818 1173 112 376
S5F/10' 640 945 145 295
gcji: 545 566 5 7
G —_—
5G/6' 911 1430 125 268
5G/8* 839 1322 141 403
5G/10"' 626 946 156 277
6G/2: 552 574 4 5
gg;g' 775 912 53 103
6G/8" .
6G/10' 614 958 215 328
3H/2! —
3H/4: 756 935 58 102
3H/6' 880 1386 114 265
3H/8 . 773 1299 201 377
3H/10 571 898 218 352
46/4: 837 1048 65 : 118
4G/6 . 912 1476 122 285
4G/10 610 755 39 40
2:;2: 775 994 61 114
44/10° 603 760 57 226
7D/4: 772 923 52 103
;D;io' 879 1308 110 256
D _—
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MASS - POUNDS

800

700
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300
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100

6959-25

[ | RUN NO 2919
PRESSURE 20 PSIA
INITIAL CLAD TEMP 912°F
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 1S3°F
— | INJECTION FLOW RATE 10. 1 LB/SEC FIRST 14 SEC
1.2 LB/SEC AFTER |4 SEC
MASS IN STEAM PROBE TANK
_
MASS STORED IN
UPPER PLENUM
| CALCULATED MASS
PUT INTO BUNDLE
F__ SUM
— L1QuUID
COLLECTED
<—0SCILLATIONS—>|
B MASS THROUGH
ORIFIC cmmm—————
. MASS STORED IN BUNDLE
0 100 200 300 400 500 600

TIME AFTER FLOOD -~ SEC
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FLOODING RATE - IN./SEC

RUN NO. 2919
5 — PRESSURE 20 PSTA
INITIAL CLAD TEMP 912°F
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 153°F
INJECTION FLOW RATE 10. 1 LB/SEC FIRST I4 SEC
1.2 LBJSEC AFTER 14 SEC
4 —
3
2.
|
0 | 1 1 1 ] |
0 100 200 300 400 500 600

TIME AFTER FLOOD - SEC
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INITIAL CLAD TEMP 912°F
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP  I53°F

INJECTION FLOW RATE

10.1 LB/SEC FIRST 14 SEC
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| l I I

I | I
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HEAT TRANSFER COEFFICIENT - BTU/HR-FT2-OF

RUN NO. 2919 i
PRESSURE 20 PSIA ' 1 5G-6'
50 — | 'N1TIAL cLao TEmP 912°F 70-6 { 5/ MEASURED
PEAK POWER 0.7 KW/FT MEASURED
COOLANT INJECT!ION TEMP T56°F :
INJECTION FLOW RATE 10.1 LB/SEC FOR 14 SEC I
T.2 LBJSEC AFTER 14 SEC :
40 — :
‘ VARIABLE
o { / FLOODING RATE
3 Fid / PREDICTION
= St '\J /
30 |— 5 / /
- rd
o /
'
Y a4
/I ,-‘N/ /
'4
20 = I\“-""-'y\lpéeo{zifon ’
’rl‘lv/\- /Lv/
P4
[ Pl -
\‘ ko ) l‘\/ / -—
0 — OSCILLATIONS +- - | |————>LIQuID| COLLECTED
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FLECHT-SET RUN SUMMARY
RUN NO. 3006
DATE 10/247172

RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature
Injection Rate 1.17 lb/sec first

SHEET

sec,
2

20.1
1115
0.7
162

psia

°F

kw/ft

°F

lb/sec after

Loop Resistance Coefficient (Aploop/l/2 pV hotleg) 32

INITIAL HOUSING TEMPERATURES

Elevation

(ft)

o o N O

10
12

A-T71

Initial Temperature

(°F)
259
4236

' 546
652.3
613.5
420
249

sec



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 3006
DATE 10/24/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev,

SF/2'
5F/4'
5F/6'
SF/8!
SF/10'

5G/2'
5G/4!
5G/6"'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G /4"
4G /6"
4G/10"

4H/4'
4H/6"
4H/10'

D/4°
7D/6°
7D/10"

Initial
Temp.
(°F)

644

996
774

630
1110
1026

758

640
934

745

909
1073
942
678

1017
1115
736

935

724

929
1067

Max.
Tenmp.,
(°F)

762
1697
1211

752
1785
1690
1158

764
1260
1150

1226
1677
1559
1083

1427
1819
1166
1329
1172

1292
1722

A-72

Turnaround
Time
(Sec)

37
185
144

36
137
149
120

36

75
131

76
134
175
137

91 -
139
139
102
129

73
122

Quench
Time
(Sec)

80
554
347

79
432
542
364

78
280
520

287
428
555
364

304
439
354
304
409

283
421



NASS - POUNDS

RUN NO. ’ 3006
800 PRESSURE 20 psia
INITIAL CLAD TEMP 1115°F
T'EAK POWER 0.7 kw/ft :
COOLANT INJECTION TEMP 170°F
INJECTION FLOW RATE 1,17 1b/sec
700 | : - < - : g
600 |
CALCULATED INPUT FLOW ' ’///(
500 : STORED IN UPPER PLENUM -
" AND STEAM PROBE TANK
400 L /////wj////
300
200 "/,4@————*' -
“VAPOR 7
LIQUID
100
::fLAm————m“"e €
STORED IN BUNDLE
0 _ 1 L
0 100 200 300 . 400 . 500 600

TIME AFTER FLOOD-SECONDS '
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FLOODING RATE-IN/SEC

3.0~

?.Or

RUN NO.
PRESSURE
INITTIAL CLAD
PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE
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20 psia

TEMP 1115°F

0.7 kw/ft

170°F

1.17 1b/sec
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'HEAT TRANSFER COEFFICIENT (BTU/HR-FI°~DEG F)

50

TIME AFTER FLOOD-SECONDS °

7D-6' MEASURED
~1 IN/SEC R
, . PREDICTION|
y VARIABLE
, FLOODING
’ RATE
" Pm\ /
N 4
1
;. . RUN NO.°.~ 3006
e/ : PRESSURE 20 psia
o INITIAL CLAD TEMP 1115°F
R PEAK POWER i 0.7 kw/ft
' - "COOLANT INJECTION TEMP 170°F
‘INJECTION FLOW RATE 1.17 1b/sec
| { 4 1 - | 1
300 400 500 600






A.

B.

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 3117
DATE 10/25/72

RUN CONDITIONS

Containment Pressure ' 19.9 psia

Initial Clad Temperature 1113 °F

Peak Power 0.7 kw/ft

Coolant Supply Temperature 159 °F

Injection Rate 11.22 lb/sec first 14 se;. 1.16 1b/sec after 14

Loop Resistance Coefficient (Aploop/1/2 oV hotleg) 27.9
INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature

(ft) °FP
0 2255
2 441
4 508.5
6 607.0
8 584.,5
10 420
12 242

A-79
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 3117
DATE 10/25/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp, Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2' 655 673 4 11
SF/4! _—

5F/6' _—

S5F/8' 972 1259 150 386
5F/10" _—

5G6/2' 642 653 4 10
5G/4" _—

5G/6° 1113 1437 133 281
5G/8" 1007 1308 149 408
5G/10°' 718 1000 171 294
6G/2°* 653 672 5 7
6G/4: 923 ' 962 31 129
6G/6 — ,

6G/8' _—

6G/10" 701 957 170 304
3u/2! —

3H/4' 906 973 58 133
3H/6' 1077 1405 127 272
3H/8! 923 1256 . 175 . 387
3H/10' 633 897 163 420
ZG;g: " 1020 1103 63 . - 143

G .

4G/10' 698 950 222 265
2H52: 926 1046 68 139

H —

4H/10' 682 962 155 375
7D/4" 921 978 34 129
7D/6"' 1070 1350 117 266
7D/10" 693 976 187 419
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RUN NO. ' 3117. °

PRESSURE 20 psia

INITIAL CLAD TEMP 1113°F

PEAK POWER .7 kw/ft
COOLANT INJECTION TEMP v 160°F

INJECTION FLOW RATE 11.22 1b/sec for 14 sec

1.16 1b/sec onward

.- o ‘ = CALCULATED MASS
.PUT INTO HOUSING _..

"STORED IN UPPER PLENUM _
AND STEAM PROBE TANK

> O—y \C ——AI
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FLOODING RATE-IN/SEC
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FLOODING RATE-1IN/SEC

(28]
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i
|
—
RUN NO. 3117
; PRESSURE 20 psia
; INITIAL CLAD TEMP 1113°F
PEAK POWER .7 kw/ft
! COOLANT INJECTION TEMP 160°F
t INJECTION FLOW RATE 11.22 1lb/sec for 14 sec
§ 1.16 1b/sec onward ’
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S8~V
HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

°50

40

N

7D-6"' .
RUN NO. ' 3117 ME.'ASURED
PRESSURE 20 psia
INITIAL CLAD TEMP 1113°F
PEAK POWER .7 kw/ft
COOLANT INJECTION TEMP 160°F
INJECTION FLOW RATE 11,22 1lb/sec for 14 sec

1,16 1b/sec onward

s

] ' 1

—~VARIABLE FLOODING
‘RATE PREDICTION

/

/
/

/ .1 IN/SEC
/
p PREDICTION

- 100 : 200

TIME AFTER FLOOD-SECONDS

300






A,

B,

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 3320
DATE 10/27/72

RUN CONDITIONS

Containment Pressure 19.5 psia
Initial Clad Temperature . 1073 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature ' 195 °F
Injection Rate 11.5 lb/sec first 14 sec, 1.17 lb/sec after 14
Loop Resistance Coefficient (Aploop/1/2 pvzhotleg) 31
INITIAL HOUSING TEMPERATURES ’
Elevation Initial Temperature
(ft) (°F)
0 228
2 389
4 494
6 574
8 : 531
10 . 371
12 215

A-87

sec



C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
SF/4!'
5F/6'
5F/8'
5F/10'

5G6/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4’
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3u/8'
3H/10°

4G/4°
4G/6"
4G/10'

4H/4"
4H/6"
4H/10'

7D/4!
7D/6"'
7D/10"'

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO.
DATE

Initial
Temp.
(°F)

3320
10/27/72

Max,
Temp,
(°F)
677
1319
1026
658
1451
1336
1025
668
993
997

1000
1426
1267
951
1147
980
1077
968
1005

1369
990

A-88

Turnaround
Time
(Sec)

5

159
160

118
146
168

192

35
116
149
159

71
249

57
158

43

117
193

Quench
Time
(Sec)
29
438
370
20
309
>451
432
31
131
401

131
308
>451
445
147
400
141
317
137

301
>451



MASS - POUNDS

800—

700—
600—
RUN NO, o 3320
PRESSURE | 20 peia
INITIAL .CLAD TEMP 1073°F
‘_ PEAK POWER -7 kw/ft :
5001~ COOLANT INJECTION TEMP " 200°F '
INJECTION FLOW RATE 11.5 1b/sec for 14 sec

1.17 1b/sec onward

-e

STORED IN UPPER PLENUM
T
«0d— : AND STEAM PROBE TANK _.
v CALCULATED MASS

| .. PUT_INTO HOUSING / /
3001- A / , SuM

s

100

‘__._., -

0 100 v‘200 . 300 ‘40Q 500
| TIME AFTER FLOOD-SECONDS o



FLOODING RATE-IN/SEC

RUN NO. L 3320
PRESSURE - 20 psia
, INITIAL CLAD TEMP 1073°F
b PEAK POWER .7 kw/ft
i COOLANT INJECTION TEMP 200°F
INJECTION FLOW RATE 11.5 1b/sec for 14 sec .

1.17 1b/sec onward
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€6~V

¢ .50

TU/HR-FI>~DEG F)

. HEAT TRANSFER COEFFICIENT (B

-

40

30

20

10

RUN NO.

PRESSURE

INITIAL .CLAD TEMP
PEAX POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

3320

20 psia

1073°F

.7 kw/ft

200°F

11.5 1b/sec for 14 sec

1.17 1b/sec onward

b

7D-6" _.

MEASURED

1
¢
o

’
v N1 IN/SEC
PREDICTION

VARTABLE
FLOODING RATE
PREDICTION -

100

‘ZQq

TIME AFTER FLOOD-SECONDS

300







A.

B.

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 3421
DATE 10/31/72

RUN CONDITIONS

Containment Pressure 19.6 psia

Initial Clad Temperature ' 1098 °F _
Peak Power 1.0 kw/ft
Coolant Supply Temperature : 161 °F
Injection Rate 11.78 1lb/sec first 14 sec, 1.2 1lb/sec after 14
Loop Resistance Coefficient (Aplooplllz pvzhotleg) 27.3
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) . (°F)
0 232
2 551
4 704
6 848
8 799
10 556
12 319

A-95

sec



C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4!'
5F/6'
5F/8!
5F/10'

5G/2°'
5G/4'
5G/6"
5G/8'
5G6/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

34/2!
3H/4'
3H/6°'
3H/8'
3H/10'

4G/ 4"
4G/6"
4G/10'

4H/4"
4H/6"
4H/10!

7D/4!
7D/6°'
7D/10°

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO.
DATE

Initial
Temp.
(°F)

656

1025
800

643

1115
1051
758

653
932

767

914
1098
984
716

997

763
944

754

933
1092

3421

10/31/72

Max.

Tenp.

(°F)
677
1913
1624
666
1807
1857
1581
680
1217
1562

1263
1834
1739
1397
1467
1538
1386
1481

1276
1747

Turnaround
Time
.(Sec)
5

339
390

123
330
402

101

408

138
149
309
360
142
383
138
390

121
163

*Water supply depleted before quench (775 sec.)

A-96

Quench
Time
(Sec)

16

12

631

12
284

283
627

311

300

280
603



LAl

MASS-POUNDS

-

STORED IN UPPER PLENUM
AND STEAM PROBE TAN7
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o .

S _ ©//=— CALCULATED Mass -
A "PUT INTO HOUSING

TIME AFTER FLOOD-SECONDS

5004+
RUN NO. 3421
4001 PRESSURE 20 psia !
INITIAL CLAD TEMP 1098°F .
PEAK POWER 1.0 kw/ft
éCOOLANT INJECTION TEMP 160°F
INJECTION FLOW RATE 11.78 1b/sec for 14 sec
‘ . 1.2 1b/sec onward
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FLOODING RATE+IN/SEC

3.0
|
!
{
|
.
) R
Pl
¢
RUN NO. 3421
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001-V

RUN NO. 3421

PRESSURE 20 psia
INITIAL CLAD TEMP 1098°F
PEAK POWER 1.0 kw/ft
COOLANT INJECTION TEMP 160°F
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' 1.2 1b/sec onward
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A.

B,

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 3928
DATE 2/1/73

RUN CONDITIONS

Containment Pressure 61.9 psia

Initial Clad Temperature 1102 °F

Peak Power 0.7 kw/ft

Coolant Supply Temperature o 201 °F

Injection Rate 12.021b/sec first 14 sec, 1.37 lb/sec after 14
Loop Resistance Coefficient (Aplooplllz pvzhotleg) 32.0 '

INITIAL HOUSING TEMPERATURES

‘Elevation

(ft)

o o B N O

10
12

A-103

Initial Temperature
(°F)
291
392
496
528
470
391
296

secC



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 3928
DATE 2/1/73

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. : Temp. Time Time
Rod/Elev, (°F) (°F) (Sec) (Sec)
SF/2! 656 664 2 7
SF/4'
S5F/6"
5F/8!
SF/10! 635 697 25 43
5G/2°' 643 658 3 8
5G/4'
5G/6' 1102 1167 20 96
5G/8' 936 1020 24 115
5G/10' 627 681 23 70
6G/2' 650 668 3 8
6G/4" 939 969 6 37
6G/6'
6G/8'
6G/10! 683 740 16 23
3H/2!
3H/4'
3H/6°'
3H/8' 918 1025 57 106
3H/10' 594 672 28 56
4G/4° 1061 1087 4 41
4G/6!
4G/10' 616 682 ' 25 32
4H/4' 955 994 8 41
4H/6"
4H/10" 680 740 11 29
7D/ 4" 943 977 6 46
7D/6' 1024 1099 20 90
7D/10°'

A-104



N

RUN NO.

PRESSURE. __

INITIAL CLAD TEMP
PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

- - o

R

CALCULATED MASS
PUT INTO TEST
SECTION

B

/ ‘?- LIQUID
- :
I =

/

3928

61.9 psia

1102°F

0.7 kw/ft

" 201°F

12,02 1b/sec first 14 sec .

"~ 1.37 1b/sec after 14 sec

S

/

.. STORED m STEAM PROBE
“ TANK & UPPER PLENUM

/

/]

STORED IN BUNDLE & UPPER
PLENUM EXTENSION

,)/“’7‘&"6’6 - vaeor.

100

200

306 400

1 ‘mm 'AFTER noon-sncomas

A~105



FLOODING RATE-IN/SEC

TIME AFTER FLOOD-SECONDS
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5 RUN NO. 3928
6 — PRESSURE. ___ 61.9 psia
‘INITIAL CLAD TEMP 1102°F
R PEAK 'POWER ‘ 0.7 kw/ft
r\ COOLANT INJECTION TEMP 201°F
b INJECTION FLOW RATE 12.02 1b/sec first 14 sec:
51 5 ) 1.37 lb[sec after 14 sec
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|

HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

RONNOT T T _ 3928 -

PRESSURE. ___ 61.9 psia ¢
INITIAL CLAD TEMP 1102°F
100.000 PEAK POWER 0.7 kw/ft
90.000 COOLANT INJECTION TEMP 201°F .
S | At INJECTION FLOW RATE 15.02 1b/sec firet 14 sec:
1.37 1b/sec after 14 sec -
80'000 r—— lrgo e e e Jee . N
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HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

RUN NO. 3928

PRESSURE _ _ 61.9 psia
INITIAL CLAD TEMP ' 1102°F
PEAK POWER 0.7 kw/ft
100 |— COOLANT INJECTION TEMP 201°F
INJECTION FLOW RATE 12,02 1lb/sec first 14 sec

'1.37 1b/sec after 14 sec

) h ] . . r's
60 -6 (DATA) /
/ ‘,’
;/ | "'
e : -/l
/ .

Lo - ~ . ./ Z;PREDICTION
. ./ Lt ’
b “ . SN ,
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{o—d— /' westTE A

/I x

-20 - / |\ !

0 | { 1 | 1 l
0 20 - 40.. 60. ' 80" 10Q 120

-
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2
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A

B.

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 4024
DATE 2/4/73

RUN CONDITIONS

Containment Pressure ' 59 psia
Initial Clad Temperature 1402 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 155 °F
Injection Rate 10.99 1b/sec first 14 sec, l.4 1b/sec after 14
Loop Resistance Coefficient (Aplooplllz °V2hot1eg)28'8
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 291
2 491
4 582
6 600
8 581
10 462
12 324

A-109

sec



C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8"'
5F/10'

5G/2"
5G/4"
5G/6'
5G/8'
5G/10°'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
34/8'
3H/10'

4G/4"
4G/6"
4G/10°

4H/4"
4H/6"
4H/10°

7D/4"
7D/6"
7D/10'

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4024

DATE

Initial
Temp,
(°F)

876

734
865
1420
1148
725
878
1268
784

1250

1088
683

1383
716
1275
785

1277
1335

2/4/73

Max.

Temp.

(°F)

882

803
870
1433
1180
785
883
1288
834

1266

1155
777

1401
783
1301
838

1301
1371

A-110

Turnaround
Time
(Sec)

3

40

27
50

46

43
56

53

47

Quench
Time
(Sec)

12

48
17
133
153
71
13
74
65

84

148
94

79
63
82
73

85
125



500 |- RUN NO. ST 4024 .
PRESSURE 59 psla
INITIAL CLAD TEMP 1402°F
PEAK POWER . 0.7 kw/ft
COOLANT INJECTION TEMP 155°F -
INJECTION FLOW RATE 10.99 1lb/sec first 14 sec
1.4 1b/sec after 14 sec
400 |- Pl
. '
/..?__. CALCULATED MASS
—'PUT INTO HOUSING
1 STEAM PROBE TANK
v~ 300 - d
02
=
= |
&
' T SUM
- [ 4
A L/
< )
=
200 | /
/@. /’
/. . STORED IN BUNDLE & UPPER
F//' —o% PLENUM EXTENSION
/o / N
, ®
100 |- / P Sl
/ o 2 VAPOR .
" P
pe s .
2 e LIQUID *
V 3 €€ ‘
0 100 20 300 © - 400

TIME AFTER FLOOD-SECONDS
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FLOODING RATE-IN/SEC

~
{

7
RUN NO. ~ 4024 -
6 — PRESSURE 59 psia
INITIAL CLAD TEMP 1402°F
PEAK POWER 0.7 kw/ft
COOLANT INJECTION TEMP 155°F
INJECTION FLOW RATE 10.99 1b/sec first 14 scc
. 1.4 lb/sec after 14 sec
si 2L 2eC
4 -
3 -
/“@\
Dom_® ® ~O00eT’ \\\\\g
2~ o€ %\\ ? ,’/SL » Qr—
@ _oC
1=
1 L L '
06 50 100 150 200

Y

TIME AFTER FLOOD-SECONDS
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HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

RUN NO. : ; 4024 .

PRESSURE 59 psia
" INITIAL CLAD TEMP l 1402°F
PEAK POWER . 0.7 kw/ft
100.000 COOLANT INJECTION TEMP 155°F
| INJECTION ¥LOW RATE 10.99 1b/sac first 14 se
90.000}} - - y Jedeedddt 1.4 lb/scc after 14 sec
i g : 70% i
80.000} |- N | /
! '(' ) /, e-‘/! ?ﬂ’sl
70.000} | ¢ B 0
]
! : [ [l
60.000}" 2N R J :
50.000| - ool !
. M { /
: - ]
7 | /
40.000 fon / j
A /f oY / ) !
i (\.\'\ 3 : . . . P !
30.000( ¢ \/ / '
20.000 |- ¥ ] A
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HEAT TRANSFER COEFFICIENT - BTU/HR-FTZ-DEG F

RUN NO. 4024 -
PRESSURE 59 psia
INITIAL CLAD TEMP 1402°F
PEAK POWER 0.7 kw/ft
COOLANT INJECTION TEMP . 155°F ‘ A
INJECTION FLOW RATE 10,99 1b/sec first 14 sec A’
. 1.4 1b/sec after 14 sec S
80#’ . o - = o— / N
Y4 1]
‘o
. -’ [
- LI 0 ’
P * VARIABLE FLOODING ~*/
RATE PREDICTION ) '
. /
. ‘. 7/
60}~ / S
. /.‘r"""
/7 4
;/,4f7D_6' (DATA).
s/ Pl
-’ J
~'40F- .," //l
” *l
Fo
/'.\ I Jod 7‘:5(' ”;‘.
’ \\ /’,- -*\:‘\__.’:}_E:_:;/, x  _¥
201/ A Tt e
o "‘ ¥e-aX"T /c
L 'l I‘. "
SN
/ \ /
Vi \ 4 .
I'l ' \&.Il ' '
.jOEE_, | VI & i 1 [ : l
0 20 40 60 80 - 100 120

TIME AFTER FLOGD-SECONDS



FLECHT-SET RUN SUMMARY SHEET
RUN NO. 4311
DATE 2/19/73

A, RUN CONDITIONS

Containment Pressure 59.5 psia
Initial Clad Temperature 1105 °F
Peak Power .646% kw/ft
Coolant Supply Temperature 154 °F
Injection Rate 9.70 1b/sec first 14 sec, 1.20 1b/sec after 14 sec
Loop Resistance Coefficient (Aploop/1/2 pvzhotleg) 32.1
B. INITIAL HOUSING TEMPERATURES
Elevation : Initial Temperature
(ft) (°F)
0 | 238
2 304
4 317
6 307
8 296
10 302

12 259

*A1l 90 heater rods had the same power.
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C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
SF/4'
5F/6'
5F/8'
5F/10'

5G/2°
5G/4°
5G/6°'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8"'
6G/10'

3H/2!
3H/4'
3H/6"
3H/8'
34/10°

4G/4"
4G/6"
4G/10"

4H/ 4"
4H/6"
4H/10°

7D/4!'
D/6"
7D/10'

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO.
DATE

Initial
Temp,
(°F)

635

636
623
1105
960
623
632
902
690
910
930
600
1036
617
920
683

905
1033

4311
2/19/73

Max.
Temp.
(°F)

636

680
627
1163
1018
648
637
927
733

944

1032
662

1065
661
952
727

934
1090

A-116

Turnaround
Time
(Sec)

1

12

(9, 0

13

55
35

18

12

o O

Quench
Time
(Sec)

31

83
107
73

20

33

104
42

28
24
40
42

40
70




LIT~V

MASS - pou

S

( C

RUN NO. 4311
PRESSURE 59.5 psia
INITIAL CLAD TEMP. , - 1105°F

— PEAK POWER 646 kw/ft
COOLANT INJECTION TEMP _ 154°F
INJECTION FLOW RATE 2.7 1b/sec first 14 sea

400

1,2 1b/sec after 14 sec .~

N ////
- : ' CALCULATED MASS =
. . PUT INTO TEST /
 VsrerIon /

2

' @/3/5—6—49-@
/
300 @,)”)a
/& ‘L1quin
@
/
e
/ &
o
2004 =
=
I _ |
G~ STORED IN BUNDLE & UPPER
\\wé:;gtffuu EXTENSION
' LT
100__ - \_ —
&-—~a_-@—-®*“‘e'ixﬁ<::§615
?“
0[¢
. L. s —LE '] . _1 — | - . {
o 100 - 200 ©, 300 400 - 500 600

! TIME AFTER FLOOD~SECONDS



8T1-v

FLOODING RATE-IN/SEC

e

RUN NO. ) 4311

PRESSURE ’ 59.5 psia
INITIAL CLAD TEMP. ' 1105°F
PEAK POWER .646 kw/ft
COOLANT INJECTION TEMP 154°F

INJECTION FLOW RATE 7 1b/sec first 14 sec

-9'
1,2 1b/sec after 14 sec

@
Qe
?z;r ’ v
] : ] ] | | |
50 19p 150 200 250 300

.

. TIME AFTER FLOOD-SECONDS

C



C

HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

RUN NO. 4311
I'RESSURE 59.5 psia
INITIAL CLAD TEMP. 1105°F
PEAK POWER 646 kw/ft
100.000 COOLANT INJECTION TEMP . 154°F
INJECTION FLOW'RATE 9.7 1b/sec first 14 sec
90.000 . 1.2 1b/sec after 14 sec
| 66-4' , i
80.000 ¥
| 70-6
70.000}— -—} /
| d g
, ‘Cv’g |
,' / rd
A
=) o o o o -
S o S o © S =1 S
e € g8 g 8 8 8 g
TIME (SECONDS)
2000.0
"600.0 g e
1200.0 ) .. ...
'~ o \ &o-8
b v
800.00 b N
*Hmﬂg 70-
_SF./°‘§ : DYy
400.00r— \
> _%ﬂl %ml!&;{giun& R TR
é’F’f!, -]
0.0 [=] [=3 [ =) o o [ o
) 8 S §§ © S 8 < ') S =
o < < . Sé &é o S o o S

TIME (SECONDS) a:i119
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FLECHT-SET RUN SUMMARY SHEET
RUN No, 4412
DATE  2/20/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 10.93 lb/sec first 14  sec,

Loop Resistance Coefficient (Aplooplllz pV2

B. INITIAL HOUSING TEMPERATURES

61.4 psia
1107 °F
0.646% kw/ft
159  °F

1.22 1b/sec after 14

hotleg) 29.5

Elevation Initial Temperature
(ft) (°F)
0] 239
2 296
4 305
6 303
8 298
10 307
12 "271

%A1l 82 heater rods had the same power. Rods 4A, 7A, 1D, 1G, 4K, 7K, 10D

and 10GC were disconnected from the power supply.

A-12]1
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 4412
DATE 2/20/73

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench

) Temp. Temp., Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)

5F/2! 647 648 1 7

S5F/4!

5F/6'

SF/8!

S5F/10°' 659 700 11 25

5G/2' 637 640 2 7

5G/4"

5G/6' 1107 1164 9 75

5G/8' 971 1034 11 95

5G6/10" 646 689 11 46

6G/2' 648 652 2 7

6G/4' 914 934 5 25

6G/6"'

6G/8'

6G/10' 702 754 13 21

3H/2!

3H/4'

3H/6"

3H/8'

3H/10' 615 664 12 46

4G/4' 1030 1052 5 27

4G/6"'

4G/10' 642 688 12 30

4H/4" 918 943 7 34

4H/6"

4H/10" 695 752 14 21 -

7D/4" 909 934 6 30

7D/6° 1033 1089 9 63

7D/10'
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£TI-v
MASS - POUNDS

zgoo'

300 .

8

100

f

( (

RUN NO. 4412 N
PRESSURE -6l.4 psia
INITIAL CLAD TEMP 1107°F

PEAK POWER 0.646 kw/ft
COOLANT INJECTION TEMP 159°F

INJECTION FLOW RATE 10.93 1b/sec first 14 sec

1.22 1b/sec after 14 sec —o—@&  STORED IN

. - _ . . . - P
e @——&  STEAM PROBE
= =
@
CALCULATED MASS /7
PUT INTO TEST v .
SECTION
— 1 Z s
o—9 ©
— o
 LIQUID
STORED IN BUNDLE & UPPER
®_«¢-1_ PLENUM EXTENSION
WAZOR '
&
" T
/ A
| o L st | 1 | | 1
0 100 200 - 300 400 500 600

TIME AFTER FLOOD-SECONDS



RUN NO. 4412
6 |— PRESSURE 6l.4 psia
INITTAL -CLAD “TEMP 1107°F
PEAK POWER 0.646 kw/ft
COOLANT INJECTION TEMP 159°F -
INJECTION FLOW RATE 10.93 1b/sec first 14 sec
. '1.22 1b/sec after 14 sec
51
o
&
(7]
\ N '
. ?;'i.'-(.' e
=
=
7]
E
83 .
SR ® B
& o
Z
© =
27~ l) —_ L |
o\
®. ® ® Q
\ ' ©
) @ 3
o X
1] o / \
@
? | | . °-
0 1 4 | 1 |
0 50 100 L5 : . 200 250 300 350

TIME AFTER FLOOD-SECONDS

(



HEAT TRANSFER COEFFICIENT (BIU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

RUN NO. ‘ 4412

PRESSURE - 61.4 psia

INTTEAL *CLAD TEMP 1107°F

PEAK POWER 0.646 kw/ft
100. 0007 COOLANT INJECTION TEMP 159°F

INJECTION FLOW RATE 10.93 1lb/sec first 14 sec

90.000}. 1.22 1b/sec after 14 sec

80.000
70.000

60.000

‘
|

50.000
&F2!
40.000 i
30.000 -
20.000 - f
10.000 | - -
0.0 - = = - L . 4
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™ L= (=)} — -~ — o~y o~ o~ ps
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2000.0 ;
1600.0
1200.0
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800.00f— pad— N\ 4 N Joomee N
o’r—/o'ﬂ”*m Yoo/ S6-8’
400.00 “i - A\ — ., 1. -
_? T~ A, puiaamboag 1
SF-4 -
0.0 = = = ~ = - — )
< S © o o = o =} S
i 5 < o = (=] = o o
8 ~ 2 2 & & R 8
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FLECHT-SET RUN SUMMARY SHEET
RUN NO. 4530
DATE 2/21/73

RUN CONDITIONS

Containment Pressure 39.6 psia
Initial Clad Temperature 1112 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 161 °F
Injection Rate 8.8 1b/sec first 14 sec, 1.22 1lb/sec after 14
Loop Resistance Coefficient (Aploop/I/Z pvzhotleg) 30.9
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 265
2 387
4 506
6 533
8 531
10 385

12 292

A-127
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C. HEATER THERMOCOUPLE DATA

Rod/Elev,

5F/2"
5F/4'
5F/6"
5F/8'
5F/10'

5G6/2"
5G/4"
5G/6'
5G/8'
5G6/10°

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
31/8'
3H/10°

4G/4"
4G/6"
4G/10"

4H/4"
4H/6"
4H/10"

D/4°
7D/6"
7p/10"

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4530

DATE

Initial
Temp.
(°F)

642

721
630
1112
996
704
641
937

754

981
646

1039
692
950
747

938
1054

2/21/73

Max.
Temp,
(°F)

646

824
636
1224
1237
789
650
968

835

1117
751

1082
773
986
811

976
1155

A-128

Turnaround
Time
(Sec)

2

59

56
42
60

~N N

72

72
64

10
56

Quench
Time
(Sec)

65

129
176
119

99

154
92

62
81
62
71

63
126




MASS - POUNDS

\
RUN NO. 4530
PRESSURE 39.6 psia
INITIAL CLAD TEMP 1112°F
600 - PEAK POWER ~ 0.7 kw/ft
B COOLANT INJECTION TEMP 161°F
INJECTION FLOW RATE 8.8 1lb/sec first 14 sec _
1.22 Ih/sec after 14 sec , STORED 1IN
- STEAM PROBE
o TANK
500~ J
¢ - <. .UALCULATED MASS PUT"-S_,?/"
INTO BUNDLE 9/
[
4001
|
i C
| y
300 — .S
o
) ,/
54
= _ LIQUID
200 |
STORED IN BUNDLE & UPPER
| PLENUM EXTENSION
]
|
100 i-
o
®
| P a—— R
0
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0ET-V.
FLOODING RATE

IN/SEC

RUN NO. 4530
PRESSURE 39.6 psia
INITIAL CLAD TEMP 1112°F
PEAK POWER -~ 0.7 kw/ft
COOLANT INJECTION TEMP 161°F

INJECTION FLOW RATE

8.8 1b/sec first 14 sec

<

1.22 1b/sec after 14 sec -

T e TrE—

©
///$Y/<r—~ \\\j/;a”CL§7D-@
e . To—0

i 1 ]

e

100 150 . 200

TIME AFTER_FLOOD-SECONDS

(

300



HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/EG F)

CLAD TEMPERATURE (DEG. F)

RUN NO. 4530
PRESSURE 39.6 psia
JINITIAL CLAD TEMP 1112°F
PEAK POWER = 0.7 kw/ft
100.000 1I’ T ]COOLANT INJECTION TEMP 161°F
b INJECTION FLOW RATE 8.8 1lh/sec first 14 sec
90.000 Ly 1.722 Yh/sec after 14 see
! | 165t -
80.000 l |« |
.5}‘,,’(‘ ! \.l)_lz”/"\r ' 3”-& !
70.000(=" ' / A
: ;'_ / 7b'(¢ I’ i
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FLECHT~SET RUN SUMMARY SHEET
RUN NO. 4825
DATE 2/27/73

RUN CONDITIONS

Containment Pressure 60.3 psia
Initial Clad Temperature 712 °F
Peak Power 0.7 kw/ft
Coolant Supply Temperature 156 °F
Injection Rate 10.77 lb/sec first 14 sec, 1.21 lb/sec after 14 sec
Loop Resistance Coefficient (Aploop/1/2 pvzhotleg)Bo's
INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 247
2 375
4 423
6 462
8 447
10 374
12 : 283
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FLECHT~SET RUN SUMMARY SHEET (Cont)

RUN NO. 4825
DATE 2/27/173

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time

Rod/Elev, (°F) (°F) (Sec) (Sec)
5F/2! 517 519 1 3
SF/4'

S5F/6'

5F/8!

5F/10' 477 526 9 13
5G/2"' 509 513 2 4
5G/4!

5G/6" 712 877 27 66
5G/8'

5G/10' 465 526 19 22
6G/2' 513 521 2 4
6G/4? 645 705 12 18
6G/6"'

6G/8'

6G/10' 527 586 10 14
3H/2'

3H/4'

3H/6"

3H/8' 539 806 36 46
3H/10°' 434 489 11 25
4G/4" 695 762 8 17
4G/6'

4G/10° 458 513 9 12
4H/4" 650 718 14 22
4H/6'

4H/10' 521 580 : 10 15
D/4' 642 : 699 7 15
D/6' 689 - 820 28 54
7D/10'

A-134




SET-V

MASS~-POUNDS

400

300

-'200

100

STORED IN

STEAM PROBE

TANK

300

~-

TIﬂE AFTER FLOOD-SECONDS

400

RUN NO. 4825
PRESSURE 60 psia
INITTAL CLAD TEMP 712°F
‘PEAK POWER 0.7 kw/ft
- COOLANT INJECTION TEMP 156°F
INJECTION FLOW RATE 10.77 1b/sec for 14 sec
1.21 1b/sec onward °
CAL = ‘ G —C—
CALCOLATED MASS PUT A__'G_._,,@_,_@.—@—-—G"-G"‘(f’
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) ' | 1 J



LJEL?
gf"rx:r'
S - b
. .JIL.§
'R
S
T
oy
- PR
=
—
c.
(o)
o
J.
. e
) e

RUN NoO. ' : 4825
PRESSURE | 60 pgia

"INITIAL CLAD TEMP 712°F

PEAK POWER ) § 0.7 kw/ft
COOLANT INJECTION TEMP 156°F ) ;
INJECTION FLOW RATE 10.77 1b/sec for 14 sec

1.21 1b/sec onward
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HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

F)

CLAD TEMPERATURE (DEG.

RUN NO,

PRESSURE

INITIAL CLAD TEMP
PEAK POWER

100.000
90.000| ¢

80.000 §- - ,/
YD
70.000} L~

60,000
50.000

! COOLANT INJECTION TEMP
‘ INJECTION FLOW RATE

¢

4825

60 psia

712°F

0.7 kw/ft

156°F

10.77 1b/sec for 14 sec

1.21 1b/scc onward

i

|
|

40.000 |
£F-2/
30.000f NS |- -
20.000 - S IS S B
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© g8 g e & 8 § & g 8 g
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1200.0
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& & 8 § £ € g.8 § &g
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'HEAT TRANSFER COEFFICIENT - BTU/HR-FT?-DEG F

100

40

20

RUN NO.

PRESSULRE

INTTIAL CLAN TEMP
PEAK POWEK

COOLANT INJECTION TEMP
INJECTION FLOW RATE

¢ 4825

60 psia

712°F

0.7 kw/ft

156°F

10.77 1b/sec for 14 sec

1.21 1b/sec onward
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4923
DATE 2/28/73

RUN CONDITIONS

Containment Pressure
Initial Clad Temperature
Peak Power

Coolant Supply Temperature

Injection Rate 10.52 lb/sec first 14 sec, 1.19 1lb/sec after 14

Loop Resistance Coefficient (4p /1/2 pV2
loop

INITIAL HOUSING TEMPERATURES

Elevation
(ft)

w N &~ N O

10
12

A-139

61 psia
1111 °F
0.7 kw/ft
158 °F
hotleg) 31.1

Initial Temperature
(°F)
268
409
501
545
531
406
305



C. HEATER THERMOCOUPLE DATA

Rod/Elev,

5F/2'
S5F/4'
5F/6'
5F/8'
5F/10'

5G6/2°*
5G/4'
5G/6"'
5G/8'
5G/10'

6G/2"
6G/4’
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3u/8!
31/10°

4G /4"
4G/6"
4G/10"

4H/4"
4H/6"
4H/10"

7D/4!
7D/6"'
7p/10°*

FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4923

DATE

Initial
Temp.
(°F)

699

675
690
1111
943
638
697
960

714

929
613

1065
652
970
714

959
1057

2/28/73

Max.
Temp.
°F

700

724
696
1167
1055
714
706
985

770

1042
681

1085
701
994
759

990
1108

A-140

Turnaround
Time
(Sec)

1

23

19
26
14

21

53
48

Quench
Time
(Sec)

46

97
115
80

28

105
63

44
52
46
61

43
89




C

' MASS - POUNDS

400,

300

. 200.

100

RUN NO.
PRESSURE

"INITIAL CLAD TEMP

PEAK POWER

COOLANT INJECTION TEMP
INJECTION FLOW RATE 10

1.19 1b/sec after 14 sec '

4923

6l psia

1111°F

0.7 kw/ft

158°F

.52 1lb/sec first 14 sec.

TIME AFTER FLOOD-SECONDS
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 STORED IN
®~ STEAM PROBE
TANK
' CALCULATED MASS:
,¥UT_ INTO BUNDLE
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[44%a 4

FLOODING RATE - IN./SEC

— |

RUN NO.
PRESSURE
INITIAL CLAD TEMP

PEAK POWER
COOLANT [INJECTION TEMP

INJECTION FLOW RATE

4923

61 PSIA

I F

0.7 KW/FT

168°F

10.52 LB/SEC FIRST I4 SEC

1.19 LB/SEC AFTER 14 SEC

TIME AFTER FLOOD - SEC

FF"
| o o o
? T—o——0-
i

| l | | I
0 50 100 150 200 250




HEAT TRANSFER COEFFICIENT (BTU/HR/FT**2/DEG F)

CLAD TEMPERATURE (DEG. F)

RUN NO. 4923
PRESSURE 61 psia
\ INITIAL CLAD TEMP 1111°F
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FLECHT-SET RUN SUMMARY SHEET

RUN NO, 5115
DATE 3/2/73

A, RUN CONDITIONS

Containment Pressure
Initial Clad Temperature
Peak Power

Coolant Supply Temperature

61.0 psia
1110 °F
0.759% kw/ft
154 °F

Injection Rate 9.0 1lb/sec first 14 sec, 1.2 1b/sec after 14

Loop Resistance Coefficient (Aploop/I/Z pV
B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

o N 2 N O

10
12

*All 90 heater rod had same initial power.
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2

hotleg) 30.8

Initial Temperature
(°F)
265
301
307
300
298
290
258

sec



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 5115 '
DATE 3/2/73

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp. Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2' 646 652 2 8
5F/4'
5F/6'
5F/8'
5F/10' 626 675 10 16
5G52: 633 643 2 8
5G/4
5056: 1110 1172 10 90
5G/8
5G/10" 606 680 12 76
6G/2’ . 641 652 3 9
gcjg: 910 948 7 36
G
6G/8'
6G/10" 695 747 14 22
3H/2'
3H/4'
3H/6°
3H/8'
3H/10° 611 675 26 98
22;2: 1052 1091 7 30
4G/10' 622 V 669 12 26
ZH;Q: 933 975 9 46
H
4H/10' 694 751 14 22
7D/4: 915 950 7 42
;Djio' 1038 1105 10 76
D
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‘RUN RO.. - - 5115
INITIAL CLAD TEMP 1110°F
| PEAK POWER 0.759 kw/ft
COOLANT INJECTION TEMP - 154°F
INJECTION FLOW RATE 9.0 1b/sec first 14 sec
. 1.2 1lb/sec after 14 sec
300 3}
- CALCULATED MASS ° L COLLECTED IN STEAM PROBE
) R 1) INTO BUNDLE _-5/9 fj}f'r.ANK & UPPER PLENUM
@ /o
gﬁzao— : ‘
\—/ g - guM -
[} .
ﬁ B STORED IN BUNDLE & UPPER
= e __#,~ PLENUM EXTENSION
100}

Q. .. 100 -+ 200. 800

‘  TIME AFTER FLOOD-SECONDS -

N
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IN/SEC

FLOODING RATE

7

RUN NO. 5115

PRESSURE 61 psia

INITIAL CLAD TEMP 1110°F

PEAK POWER 0.759 kw/ft

COOLANT INJECTION TEMP . 154°F

INJECTION FLOW RATE 9.0 1b/sec first 14 sec
1.2 1b/sec after 14 sec .

®
O—0

1 | e |
20 . dgo “150 200

. . « & o
TIME AFTER FLOOD-SECONDS
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HEAT TRANSFER COEFFICIENT (BTU/HR/FT**Z};;G F)

CLAD TEMPERATURE (DEG. F)

¢

RUN NO.  __ . 5115 :

PRESSURE ' 61 psia
INITIAL CLAD TEMP® 1110°F
PEAK POWER 0.759 kw/ft
100.000 COOLANT INJECTION TEMP . 154°F
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A,

B.

*All 70 heater rods had same power.

FLECHT-SET RUN SUMMARY SHEET
RUN NO. 5214

DATE 3/3/73
RUN CONDITIONS
Containment Pressure 61 psia
Initial Clad Temperature 1103 °F
Peak Power 0.646% kw/ft
Coolant Supply Temperature 159 °F
Injection Rate 10.2 1lb/sec first 14 sec, 1.19 1lb/sec after 14
2
Loop Resistance Coefficient (Aploop/1/2 pV hotleg)zg'l
INITIAL HOUSING TEMPERATURES
Elevation : Initial Temperature
(ft) (°F)
0 274
2 303
4 308
6 314
8 299
10 299
12 268

from power supply.

A-151

sec

Rods 1A, 2A, 4A, 7A, 9A, 10A, 1B, 10B,
1o, 10D, 1G, 10G, 1J, 10J, 1K, 2K, 4K, 7K, 9K, and 10K were disconnected



FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 5214
DATE 3/3/73

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2' 633 634 1 7
5F/4'
5F/6"
5F/8"
5F/10" 633 679 12 19
5G/2" 633 634 1 6
5G/4'
5G/6" 1103 1156 8 64
5G/8'
5G/10' 673 673 0 24
6G/2" . 643 644 1 6
6G;4: 905 922 5 23
6G/6
6G/8'
6G/10" 697 743 12 20
3H/2'
3H/4'
3H/6"
3H/8"
34/10° 617 661 11 40
Zg;g: 1032 1068 6 22
4G6/10' 628 670 11 24
Zg;g: 924 954 7 28
4H/10' 697 748 13 20
7D/4! 905 927 6 28
7D560' 1030 1082 8 52
7D/1
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MASS - POUNDS

/ e

RUN NO. 54

~ ,PRESSURE - . - 61 psia-
~ INITIAL CLAD TEMP 1103°F
B “COOLANT INJECTION TEMP - 159°F
‘INJECTION FLOW RATE 10.2 1b/sec first 14 sec
1.19v1b/Sec after 14 sec
3001 .
CALCULATED MASS PUT.  ° .
INTO BUNDLE - }:cousc'rm IN STEAM PROBE .
e e /J PANK & UPPER PLENUM '
200~ VA S .

STORED IN BUNDLE & UPPER
PLENUM EXTENSION

ot et
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IN/SEC

FLOODING RATE

7L
rC
6F
RUN NO. . ) 5214 ) *
PRESSURE 61 psia
INITIAL CLAD TEMP ~ 1103°F
PEAR POWER 0.646 kw/ft
5L COQLANT INJECTION TEMP 159°F
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;' : 1.19_ le/sec after 14 sec
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HEAT TRANSFER COEFFICIENT (BTU/HR/ FT**2/DEG F)

PRESSURE 61 psia :

INITIAL CLAD TEMP 1103°F
100.000 PEAK POWER ' 0.646 kw/ft
) | by COOLANT INJECTION TEMP ] 159°F . .
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FLECHT-SET RUN SUMMARY SHEET
RUN NO, 5316
DATE 3/9/173

A.  RUN CONDITIONS

Containment Pressure 4 61.3 psia
Initial Clad Temperature 1107 °F
Peak Power : | .646*% Lkw/ft
Coolant Supply Temperature 159 °F

Injection Rate 10.17 lb/sec first 14 sec, 1.18 lb/sec after 14 sec
2

Loop Resistance Coefficient (Aploop/1/2 oV hotleg) 32.0
B. INITIAL HOUSING TEMPERATURES
Elevation Initial Temperature
(ft) (°F)
0 ' 287
2 393
4 454
6 488
8 456
10 423
12 ‘ 310

*Ali 90 heater rods had same power.
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FLECHT -SET RUN SUMMARY SHEET (Cont)
RUN NO. 5316
DATE 3/9/73

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2! 671 675 1 7
5F/4° :

5F/6!

5F/8'

SF/10' 654 690 31 37
5G/2° 662 668 2 7
5G/4" .-

5G/6"' 1107 1160 12 89
5G/8!

5G/10°' 644 702 22 59
6G/2" 671 681 2 7
6G/4' 946 969 : 6 30
6G/6'

6G/8' : )
6G/10"' 712 758 15 22
3H/2"

3H/4'

3H/6'

3H/8'

3H/10' 612 676 25 47
4G/4° 1059 1081 3 38
4G/6!

4G/10' 639 686 24 32
4H/4° 958 985 6 34
41/6°

4H/10' 712 761 20 31
7D/4! 944 971 6 39
7D/6"' 1055 1106 11 77
7D/10' : :

A-158




MASS - POUNDS

400.r_;

RUN NO.""~ ’ ' 5316

PRESSURE . 6l.3 psia

INITIAL CLAD TEMP o 1107°F

PEAK POWER - 646 kw/ft

-

ri
¢

COOLANT INJECTION TEMP 159°F

INJECTION FLOW RATE . 10,17 1b/sec first 14 sec

300 - -

2007

\‘ggfr/ nhﬁﬁi@~————‘—c¢9

o .
[ ]

5. STORED IN
INTO BUNDLE

TANK

CALCULATED MASS PUT ° ;o )} STEAM PROBE. . .

STORED IN BUNDLE & UPPER
PLENUM EXTENSI.ON)

¢ o p—o— 08 < YAP°R¢

©
@ / )&’M , .
el <~ L1QUID
. 1 :

I

1.18 1b/sec after 14 sec

... 100 . 200 - 300

. < BN 1

_ TIME AFTER FLOOD-SECONDS
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IN/SEC

FLOODING RATE

.RUN NO. ! 5316

PRESSURE 6l.3 psia
INITIAL CLAD TEMP 1107°F

PEAK POWER . ".646 kuw/ft

" COOLANT INJECTION TEMP 159°F

INJECTION FLOW RATE 10.17 lb/sec first 14 sec

1.18 1b/sec after 14 sec
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RUN NO,
PRESSURE

5316

61.3 psia
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FLECHT~SET RUN SUMMARY SHEET
RUN NO, 5413
DATE 3/10/73

A. RUN CONDITIONS

Containment Pressure 60.9 psia

Initial Clad Temperature 1125 °F

Peak Power 0.646*% kw/ft

Coolant Supply Temperature - 155 °F

Injection Rate 10.8 1b/sec first 14 sec, 1.25 lb/sec after 14 sec

2

tbop Resistance Coefficient (Aploop/l/Z pV hofieg) 30.5

B, INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature
(ft) (°F)
0 ‘ 304
2 545
4 712
6 797
8 715
10 545
12 ' 344

%A1l 90 heater rods had same power.
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FLECHT-SET RUN SUMMARY SHEET (Cont)
RUN NO. 5413
DATE 3/10/73

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
SF/2'! 762 762 0 7
S5F/4°'

S5F/6'

5F/8'

5F/10° 626 671 22 38
5G/2! 760 760 0 8
5G/4" :

5G/6" 1125 1159 7 118
5G/8'

5G/10'

6G/2' 765 768 1 9
6G/4! 1067 1071 2 48
6G/6'

6G/8"'

6G/10°' 680 724 16 23
3H/2'

3H/4!

3H/6"

3H/8'

3H/10' 580 629 24 44
4G/4° 1151 1161 2 57
4G/6"

4G/10° 607 649 21 28
4H/4" 1079 1087 3 59
4H/6'

4H/10°

7D/4" ' 1060 1066 2 53
7D/6" 1072 1110 7 108
7D/10°
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\_/

. . RUN NoO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

5413
60.9 pseia
1125°F
0.646 kw/ft
155°F

10 8 1b/sec first 14 gec

, , : . 1,25 1b/sec after 14 sec
400 |— S | D R - _— -
N CALCULATED MASS /) HT; STORED IN STEAM PROBE
300 | PUT INTO TEST TANK & UPPER PLENUM
SECTION P _
. 200 |-
[72]
a
=
=
o
. » _
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IN/SEC

FLOODING RATE

5413

RUN NO. °

PRESSURE 60.9 -psia
INITIAL CLAD TEMP 1125°F
PEAK POWER 0.646 kw/ft

COOLANT INJECTION TEMP

155°F

INJECTION FLOW RATE

10.8 1b/sec first 14 sec

1.25 1b/sec after 14 sec

« ma ..

;- TIME AFTER FLOOD-SECONDS

- s e e sem -

A-166

L ©
L
- /(‘.:""‘(.\
rl\\\\ © o
v
©
B . O /A{/
| \e e © ) @ -
\L, 4 e ,///grwwo
o O o)

|

' 1 i | | |
0 50 100 . 150 200



HEAT TRANSFER COEFFICIENT (BTU/HR/FT**Z/DEG F)

CLAD TEMPERATURE (DEG. F)

RUN NO, 5413 IS
PRESSURE _ 60.9 psia -
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APPENDIX B

LOW CLAD TEMPERATURE FLECHT TESTS

B.1 INTRODUCTION
B.1l.1 Rationale for Tests

After the blowdown phase of a LOCA in a.PWR the radial temperature distribution
of the fuel pins will vary over a wide range and will be a function of the
steady-étate radial power profile, To determine the peak clad temperature
encountered, the conditions of the hottest and average fuel assemblies are

used for testing and analysis. Accordingly, correlations for total mass
effluent have been developed for these conditions. The colder assemblies,
however, wili generate less steam and therefore entrain less liquid, resulting
in less mass effluent. Consideration of this effect would result in the
prediction of higher flooding rates into the core after a LOCA, thereby

improving heat transfer and reducing calculated peak clad temperatures.

The original series of FLECHT tests covered & range of initial peak clad
temperatures at the time of bottom of core recovery of 800°F to 2200°F. This
additional series of tests extended the range of initial temperatures dowm

to nearly saturation temperature.

B.1l.2 Objective

The objective of the tests was to determine the amount of entrained liquid
collected as well as the total mass effluent for a series of low initial

peak clad temperature FLECHT tests. A run schedule was developed which varied
the peak clad temperature, the peak linear power, the pressure, the flooding

rate, and the amount of coolant subcooling.



B.2 TEST DESCRIPTION
B.2,1 Facility Layout

The tests were similar to the FLECHT series (Reference 1) and did not use the
FLECHT-SET simulated loop piping and system components. A forced injection
directly into the lower plenum of the test section was employed, and the bundle
was vented through a pressure control valve located in a short exhaust line,

A baffle was also located in the upper plenum directly in front of the exhaust
line to separate entrained liquid from the exhaust flow as shown in Figure B-1.
The upper plenum did not contain the aluminum filler plates used for Phase A

FLECHT-SET and was continuously drained into a vertical collection tank,

B.2.2 Instrumentation and Data Acquisition

The test section flow housing and rod bundle instrumentation were the same as
that used in FLECHT-SET Phase A (see Section 2.2). These low clad temperature
tests were performed before the additional housing axial differential pressure
transducers were added at the higher elevations. The injection flow was
measured using the same Brooks rotameters as for Phase A tests and the output
recorded on a pen recorder., For some of the tests with constant injection rate

a different 0-35 gpm nonrecording rotameter was used. The upper plenum

pressure, rather than containment pressure as in Phase A, was maintained constant

and was recorded on a pen recorder.

The addition of the liquid collection tank necessitated supplementary instru-
mentation in addition to that of Phase A, This consisted of two wall thermo-
couples and a differential pressure transducer to indicate temperature and

water level in the liquid collection tank. The data acquisition systems used

were the same as in the Phase A testing.

B.2.3 Test Procedure

The flow housing was initially heated to the proper temperature profile as
specified by the FLECHT criteria (see Section 2.4) except as noted below.
Because many of the tests were run at very low temperatures, the specified

housing temperature was often very close to the desired initial peak clad
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temperature. Thus, it was not possible to heat the housing, as in Phase A N
tests by radiation from periodically energized heater rods, without heating

the rods above the desired initial temperature. Additional strip heaters were
consequently added to the test section housing along with several temperature

controllers such that the desired temperature distribution could be obtained.

For some of the runs with very low initial clad temperatures, the FLECHT
criteria specified housing temperatures that were higher than the desired
initial ciad temperature., In these cases, the housing was heated to the same
temperature profile as the rods. In a few of the runs, with the specified
initial rod temperatures very close to the saturation temperature, the housing

was heated uniformly to saturation temperature.

The liquid collection tank and upper plenum were heated to 20°F above saturation
temperature to avoid condensation. The lower plenum was heated to the
temperature of the injection coolant. After the desired wall temperatures

were attained, the test section was pressurized and full power applied to the
rods. Flooding was automatically initiated when the desired temperature was
reached by the designated heater rod. The test continued until a sufficient S
quantity of liquid was collected, which was often after the bundle had com-
pletely quenched. -After the run was terminated by ceasing injection flow and
bundle power, the test section was depressurized. At this time the water in

the liquid collection tank was drained and weighed. During the run the
thermocouple and differential and absolute pressure data were recorded by the

data acquisition system previously described in Section B.2.2,

The stepped flooding rates specified for many of the runs were produced by
operating various combinations of electrically actuated valves controlled by
timing devices. This technique was satisfactory and produced repeatable flow

rates.
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B.3 CALCULATIONS AND DATA REDUCTION

The purpose of these tests was to measure the total mass effluent and the
amount of 1liquid collected as a function of the various test parameters.
As a result, the data reduction and analysis concentrated on these two

quantities.

The rod thermocouple data were recorded and converted to engineering unitsf
The data for selected thermocouples were then examined to determine initial
clad temperature, maximum clad temperature, quench temperature, turnaround
time, and quencﬁ time; This information is présented in the summafy sheets
in Appendix B-1. T |

The housing axial differential pressure data, the absolute pressure data,

the liquid collection tank differential pressure data, and the wall thermo-
couple data were converted to engineering units. The housing axial pressure
data were used to calculate the mass stored in the test section.‘ It was -
assumed that the friction and acceleration pressure drop terms were negligible
and that the pressure drop indicated elevation head only. This assumption

is justified in Section 3.2. The mass storage data are presented along with
the mass of liquid collectéd and the mass injected data in the summary sheets

for each rum.

For the parametric studies, two quantities were considered:
1. The mass of liquid collected by the time of the midplane quench.
2, The average mass efflﬁent fractioh calculated up to the tiﬁe of the
"~ midplane quench. ' A ‘

The first variable is obtained directly from the data. The second quantity -
is derived from the following definition:

Mass out of test section - (1)

fraction =
Average mass effluent ct Mass Injected into test section
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The mass out of the test section was not measured, but since

Mass out of test section = Mass injected into test section -
Mass stored in test section

(2)

Equation (1) may be written as:

Mass stored in test section
Mass injected into test section

Average mass effluent fraction = 1 -

This equation was evaluated at the time of the quench of the midplane heater
rod thermocouples, assuming that the mass stored in the test section was

indicated by the housing axial pressure data.

B.4 DISCUSSION OF TEST RESULTS
B.4.1 Run Summafy

Table B-1 presents a run schedule with initial conditions and a summary of

results. Detailed data sheets for each run are contained in Appendix B-1.

It should be noted with regard to the determination of quench times and
temperatures, turnaround times and temperatures, and initial température

that the VIDAR recorded data every 5.5 seconds and in some test runs the

rods were completely quenched in about 40 seconds. The 2 ft level thermo-
couple usually quenched in less than 10 seconds. The error for the turnaround

times and quench times is approximately +3 seconds.

Figure B-2 shows the different nominal flooding rates that were used and which
are referenced in Table B-~1l., The data sheets for each run present the actual
measured flooding rate with the exception of those runs for which the flow
was not recorded. For those runs, the flooding rates were assumed to be the

nominal specified values.



TABLE B-1

LOW INITIAL CLAD TEMPERATURE FLECHT TESTS - RUN CONDITIONS AND RESULTS

Run Schedule Pen Recorder Results
Initial Flooding Coolant T ¢ t £ k%
Run Pressure Peak Power Temp Rate Temp max 6" turn 6' 6' quench l.c
No. (psia) (kw/ft) (°F) (in./sec) °P (°F) (sec) (sec) (sec)
0104 57 0.7 459 3.0 143 747 27 30 42
0203 60 0.7 360 3.0 144 664 27 28 41
0306 59 0.7 559 3.0 156 800 26 36 42
0405 59 0.7 449 4.0 144 627 14 15 34
0507 59 0.7 654 3.0 154 847 21 40 36
0608 60 0.7 754 3.0 149 928 20 48 33
0701 23 0.7 375 3.0 140 690 47 49 41
0802 20 0.7 453 3.0 142 729 54 78 33
1109 20 0.7 311 3.0 149 668 50 52 35
1212 19 0.7 253 A* 139 825 74 125 70
1516 22 1.0 320 B* 145 998 90 149 42
1617 24 1.2 272 B* 149 1114 96 153 33
1715 20 0.7 401 B* 147 . 790 86 88 45
1812 59 0.7 502 B* 151 780 42 49 75
1913 58 1.0 310 B* 156 597 15 15 60
2014 60 1.2 320 B* 150 760 25 26 36
2122 59 0.7 498 D* 149 845 38 60 138
2324 60 1.2 653 B* 145 1136 67 123 29
2420 60 0.7 508 1.5 146 963 47 78 80
2519 61 0.7 603 1.5 145 1039 48 90 60
2618 59 0.7 401 1.5 146 897 46 70 81
2823 58 0.7 670 B* 147 887 28 60 100
2921 59 0.7 660 B* 171 852 26 64 115




TABLE B-1 (Cont) r
NOTES:
*The nominal flooding rates, shown in Figure B-2, are as follows:

A, 6 in./sec for O 3 sec

1 in./sec for 3 end

B. 6 in./sec for O 3 sec
3 in./sec for 3 15 sec
1 in./sec for 15 end

C. 1.5 in./sec for 0 end

D. 6 in./sec for O 3 sec
3 in./sec for 3 9 sec

1 in./sec for 9 end

The actual measured flooding rates are shown on the data summary

sheets for each run.

**Time when liquid collection from the upper plenum drain begins.
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B.4.2 Typical Test Results

Figures B-3 through B-6 present results for a typical test run. The first figure
shows the temperature quench envelope as well as the range of quench times

for each elevation. Also shown is the cold fill line. As seen, the quench
envelope curve closely follows the cold fill line until the 4 ft elevation is
reached. At this point it begans to diverge significantly. This indicates
that there is very little steam generation until the 4 ft elevation is reached.
This was true for all of the test runs performed (initial midplane clad
temperature less than 750°F). The same effect is also shown by the housing
axial differential pressure data, Figure B-4., The measurements plotted are the
pressure difference between the particular elevation and a pressure tap in the
upper plenum of the test section. The accuracy of these measurements is

approximately +1% of full scale or 0.1 psi.

The calculated mass balance of the test section is shown in Figure B-5. The
mass injected, mass of liquid collected, and mass stored in the housing are
obtained directly from the data, where the housing axial differential pressure
data were assumed to indicate the mass of water stored (i.e., friction and
acceleration pressure drop terms are assumed negligible). By subtracting the
mass -stored from the mass injected, the mass out curve is obtained. This

curve shows that until about 40 seconds very little mass left the test section.
Since the 4 ft elevation quenched at 36 seconds, this confirms the conclusion
derived from the quench data that there is little steam generation until the

4 ft elevation is reached.

The difference between the mass out curve and the mass of liquid collected
curve is the amount of steam that left the test section and possibly entrained
water that left due to imperfect separation by the upper plenum exit baffle.
There was no direct measurement of this quantity. Energy balance calculations

indicate that the exit flow did contain some entrained water.
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Figure B-S. Mass Calculation - Run 2420
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The graph in Figure B~-6 contains the ratio of mass out to mass injected shown
as a function of time as 1s the ratio of mass flow rate out to mass flow rate
injected. These values are significantly lower than those obtained from

higher temperature FLECHT data (mass flow rate out/mass flow rate in = 0.8).

The amount of energy initially stored in the heater rods and flow housing is
lower in these tests than for high temperature FLECHT runs with the same peak
linear heating rate. This is due to the lower initial temperatures, as shown

in Figure B-7 for the test run considered above. The lower heat release results

in less steam generation and therefore less entrainment of liquid,

B.4.,3 Housing Axial Pressure Data

The housing axial pressure data are compared to the rod temperature quench
envelope for several test runs in Figures B-8 through B-14. The préssure data
have been converted to feet of water, assuming a density equal to that of
saturated water at the test pressure. Actually, the mass indicated by the
pfessure data is distributed within the test section with a varying density.
The comparison shows, however, the difference between the mass storage
calculated using temperature quench data and that calculated from the pressure
data. The temperature quench times plotted are for the longest quench time at

each elevation, thus representing an envelope of all the quenches.,

The level calculated from the differential pressure data is higher than that
derived from the temperature quench front data for the greater portion of most
of the test runs. This indicates that there is storage of mass in the bundle
above the quench front., Hence, the use of the pressure drop data to calculate
mass effluent ffactioﬁ will yield values which are lower than those calculated
by using the‘qﬁench front data. The pressure drop data indicate the total
mass in the test section; thus the calculated mass effluent fraction is for
the mass ieaving the test section,‘not thé quench front, By the time of the

8 ft elevation quench, however, the total or average mass effluent fractions
calculated by the two methods are only slightly different. The levels indicated
by the pressure and quench data show better agreement for the test runs with

higher flooding rate, lower initial clad temperature, and higher system pressure.
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Figure B-8. Comparison of Quench Front and Differential Pressurc Data
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Figure B-9. Comparison of Quench Front and Differential Pressure Data
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Figure B-11. Comparison of Quench Front and Differential Pressure Data
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These conditions result in lower steam volumetric flux and thus less N’

entrainment of liquid and less storage of mass above the quench front.

In test Run 1617, shown in Figure B-14, the temperature quench data indicate,
for most of the run, a higher level in the bundle than the differential pres-
sure data., After cessation of the high flooding rate (15 seconds after
initiation of flood), the high power in this test (1.2 kw/ft) results in a
large void fraction in the bundle. The injection rate at this time was 1 in./sec,
which equals 0.7 lbm/sec. The housing differential pressure data indicate that
the saturation point was below the 2 ft level for the entire run, i.e., the
void fraction was greater than zero from at least the 2 ft level upward,
indicating that a large void fraction below the quench front existed. 1In
addition, the high power results in increased vaporization of entrained liquid,
which is confirmed by the liquid collection measurements, as shown in

Appendix B-1 for these tests. Both of these effects contribute to the low
differential pressure reading. These results are consistent with those
obtained in higher temperature FLECHT tests at low pressure, high power, and

low flooding rate given in Reference 1.

B.5 PARAMETER EFFECTS
B.5.1 1Initial Clad Temperature

A comparison between a low clad temperature FLECHT run and high temperature
FLECHT runs is shown in Figure B-15. The low temperature run refloods at
nearly the cold fill rate, while the high temperature runs require 4 to 5 times
the cold fill time for the quench front to reach the bundle midplane.

The temperature quench envelopes of three low temperature runs are compared

in Figure B-16. As expected, the higher the initial clad temperature, the
longer the quench time. Figure B-17 shows the maximum clad temperatures
measured in those runs at the 6 and 8 foot elevations. The values are plotted

as a function of initial peak clad temperature. The difference between the
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Figure B-15. Comparison of FLECHT Temperature Quench Fronts with
: - Low Clad Temperature FLECHT
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Figure B=16. Effect of Initial Temperature on Quench Front

B-26



F

MAXIMUM CLAD TEMPERATURE -

PEAK POWER 0.7 KW/FT
PRESSURE 60 PSIA
COOLANT TEMP 146 °F
FLOODING RATE 1.5 IN./SEC
RUN NO. INITIAL CLAD TEMP
2519 €03 F
2420 ‘ 508 'F
2618 YOIF
1040 |—
1000 }—
980 |— Tuax 6
960 —
40 —
920 —
900 }—
880 —

Yo N ]
0 * .400 - 500 600

- INITIAL PEAK CLAD TEMPERATURE - °F
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6 and 8 ft maximum temperatures is seen to decrease as the initial temperature ~/
is lowered. This effect is due to the smaller amounts of steam generated as

the temperature decreases. Less steam generation results in less cooling at

the upper elevations by convection and radiation to the steam. Consequently,

the rise in the temperatures of the 8-ft-elevation thermocouples tends to be

larger than the rise of the 6—ft-elevation thermocouple temperatures. The

effect sometimes causes the 8-ft-elevation thermocouples to reach higher

maximum temperatures than the 6-ft—elevation thermocouples.

The mass of liquid collected for each of these runs is plotted in Figure B-18

as a function of t/t . This nondimensional time scale reveals the

8' quench
effect of clad temperature only on the amount of liquid collected. It is
clear that less water is entrained at lower initial clad temperature as a

result of the lower rate of steam generation.

Figures B-19, B-20, and B-21 present similar results for runs with a lower

flooding rate.

B.5.2 Coolant Subcooling

Figure B-22 shows the effect of different amounts of coolant subcooling.

There is no significant effect for these conditions.

B.5.3 Pressure

Figure B-23 presents plots of mass of liquid collected and average mass
effluent fraction up to the time of the 6 ft quench as a function of the
initial clad temperature for pressures of 20 and 60 psia. The graphs
indicate that there is more entrained liquid and a larger mass effluent
fraction at lower pressure. While the data for 60 psia show a definite
threshold temperature for liquid entrainment, the 20 psia data indicate

that for these conditions liquid will be entrained at all temperatures
above ~300°F.
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Figure B-18. Effect of Initial Clad Temperature on Entrainment
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. The increased mass effluent fraction and mass of liquid collected at lower
pressure are consistent with tﬁe results presented in Reference 1 for higher
temperature FLECHT runs., At 20 psia the specific volume of steam is about
three times that at 60 psia. Thus, higher steam velocities will occur for the
same rate of steam generation, resulting in more entrainment. Also, better
heat transfer at higher pressure will tend to vaporize more of the entrained

liquid, thus decreasing the amount of liquid collected.

The data presented do not show a constant amount of coolant subcooliﬁg, and
thus do not reflect the effect of pressure alone. The results presented in
Section B.5.2, however, indicate that the subcooling effect is negligible at
60 psia. Data were not taken for the subcooling effect at 20 psia.

B.5.4 Flooding Rate

The effect of flooding rate is shown in Figure B-24. Higher flooding rate
results in lower amounts of entrained liquid and lower mass effluent fractions,
if these quantiﬁies are referenced to a quench time, bThe higher flooding rate
causes the point at which the inlet water reaches the saturation temperature

to be highef in the bundle, and a faster rise of the quench level. The rate of
steam generation is lower because more of the energy is used in railsing the
water temperature to saturation and also because the faster rise of the quench
froﬁt results in lower clad temperatures. With less steam generation there is

less entrainment.

B.5.5 Peak Power

The effect of peak power is shown in Figure B-25. This plot shows that as
peak power increases the .mass of liquid collected increases, as does the average
mass effluent fraction. Higher peak power causes the rods to heat up faster
resulting in higher clad temperatures. Consequently, there is more steam
generation, and hence more entrainment, and a lower quench front velocity.

Very low initial peak clad temperatures result in no effect of peak power

on the amount of entrained water for the range of peak powers investigated.

B-35



MASS WATER COLLECTED - LBM

o

o
e

o
+

AVERAGE MASS FRACTION
o
(=]

e
N

MASS WATER COLLECTED BY 6 FT QUENCH

ViN = 3 IN./SEC

iy = 1.6 IN./SEC

| I PN | |
\J J \J J
300 400 500 600 700 800

INITIAL CLAD TEMPERATURE AT 6 FT - F

AVERAGE MASS EFFLUENT FRACTION TO TO 6 FT QUENCH
Ny
PRESSURE 60 PSIA
PEAX POWER 0.7 XW/FT
COOLANT INJECTION TEMP 150 F
Viy = 1.6 IN.ISEC:::: n
Y,y = 3 IN./SEC
| | | |
300 400 500 600 700 800
INITIAL CLAD TEMPERATURE AT 6 FT - F
Figure B-24. Effect of Floading Rate
—

to

-3¢



MASS WATER COLLECTED - LBM

AVERAGE MASS FRACTION

xS

=)

o

o

o
o

o
[+,]

o
-

o
N

MASS WATER COLLECTED BY 6' QUENCH

PRESSURE 60 PSIA

COOLANT INJECTION TEMP.
INJECTION FLOW RATE 8

150 F

v TiniT = 650 F

B

e

A/_TINIT = 300 F
1.2 |
PEAK POWER - KW/FT

o

AVERAGE MASS EFFLUENT FRACTION UP TO 6 FT QUENCH

’B/EFLTINIT = 300°F
| I

J
0.7 1.0 1.2

PEAK POWER - KW/FT

Figure B-25. Effect of Peak Power

B-37




B.6 CONCLUSIONS

‘These tests extend the range of the FLECHT conditions as closely as possible to
the saturation temperature. Over the initial temperature range from 250°F to

750°F the following conclusions may be drawn:

1. Both the amount of liquid entrained and the average mass effluent
fraction are significantly lower than in the high temperature FLECHT

tests.

2, With initial clad temperatures very close to saturation temperature,
the bundle quenches at nearly the cold fill rate with little or no

liquid entrainment.

3. As the initial clad temperature increases, the temperature quench
front diverges progressively further from the cold fill rate. This
effect is greater at 20 psia than at 60 psia, but in both cases the
4 ft elevation is reached before significant mass effluent fractions

are measured.

4. The mass of liquid collected and the average mass effluent fraction

up to the time of the midplane quench increase as:
a. Flooding rate decreases
b. Initial clad temperature increases
c. Pressure decreases
d. Peak power increases

Coolant subcooling showed no significant effect.
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APPENDIX B-1

LOW CLAD TEMPERATURE FLECHT
RUN SUMMARY SHEETS

B-39






Low CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0104
DATE 11/8/72

A, RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature
Flooding Rate

A B. INITIAL HOUSING TEMPERATURES

Elevation

(ft)

m O O

10
12
AVG,

Temperature

(°F)

B-41

170

330
302
300
308
302
297
301

57

459
0.7
143

psia
°F
kw/ft
°F

3.0 in./sec for O+endsec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN NO. 0104
DATE 11/8/72

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp, Time Time
Rod/Elev, (°F) (°F) (Sec) (Sec)
SF/2' 352 372 10 10
5F/4!
SF/6'
SF/8' 418 677 27 29
5F/10°' 378 556 32 34
5G/2' 347 368 8 8
5G/4'
5G/6' 459 747 27 30
5G/8' 432 714 34 55
5G/10' 369 541 32 34
6G/2' 350 374 6 7
6G/4° 418 568 15 16
6G/6'
6G/8'
6G/10' 377 530 28 29
3H/2! :
3H/4° 411 553 13 14
34/6' 453 730 24 26
3H/8' 402 658 28 30
3H/10° 366 537 37 40
4G/4" 450 630 16 19
4G/6°'
4G/10' 369 526 27 29
4H/4" 428 578 14 15
tH/6!
4H/10° 365 525 29 34
D/4’ 418 569 14 16
D/6' 445 685 23 25
7D/10' 367 536 30 32

B-42




MASS - POUNDS

200} .

150

100

50

RUN NO.:* 0104
PEAK POWER: 0.7  KW/FT
;RESSRRE: 57 _ PSIA

NITIAL CLAD TEMP.: 459 °F
COOLANT TEMP.: F -
FLOODING RATE: 3,0 IN/SEC

,
-
rd

MASS INJECTED

»

MASS STORED IN HOUSING

MASS OUT OF HOUSING

MASS OF LIQUID
COLLECTED

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET
RUN NO. 0203
DATE 11/14/72

A, RUN CONDITIONS

Pressure ‘ 60 psia

Initial Clad Temperature . 360 °F

Peak Power 0.7 kw/ft

Coolant Temperature 144 °F ,
Flooding Rate _ 3.0 in./sec for O0+end sec

~ B. INITIAL HOUSING TEMPERATURES
Elevation ‘ Temperature
(ft) (°F)
0 178
2 352
4 320
6 340
8 312
10 309
12 289
AVG. 319
N

B~45



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0203
DATE 11/14/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev,

5F/2°
5F/4'
5F/6"'
5F/8'
5F/10'

5G/2'
5G/4"
5G/6'
5G/8'
5G/10'

6G/2'
6G/4’
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4"
4G/6"
4G/10°

A
4H/6"
4H/10"

7D/4'
D/6'
7D/10'

Initial
Temp.
(°F)

249
295
291
245
360
294
290
245
318
291
320
291
330
291
337
291
310

360
291

Max.

Temp.

(°F)
281
502
427
284
664
646
427
284
442
430
432

445
540
427
456
436
440

607
420

B-46

Turnaround
Time
(Sec)
5
18
24
5
27
40
28
5
11

24

29
15
24
10
24
11

21
24

Quench
Time
(Sec)

19
25

28
40
29

25

10

30
16
24
11
25
12

21
24



RUN NO.: " - 0203 ’ :

PEAK POWER: _ 0.7 _ KW/FT

PRESSURE: __ 60 PSIA MASS INJECTED
INITIAL CLAD TEMP.:___ 360 °F

COOLANT TEMP.: 144_°F

FLOODING RATE: __ 3.0  IN/SEC

MASS STORED IN HOUSING

MASS OUT OF HOUSING

'

MASS OF LIQUID COLLECTED
I 1 I |

200 - -
150 |
2 100 |-
=
g
4
50 |—
04
\_/

20 40 60 C 80 100 -~ -120°

TIME AFTER FLOOD - SECONDS
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A,

B,

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0306
DATE 11/15/72

RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature

Flooding Rate

INITIAL HOUSING TEMPERATURES

Elevation

(fr)

o O &~ N O

10
12
AVG.

Temperature

(°F)

B-49

198
344
376
398
376
359
326
357

59 psia
559 °F
0.7 kw/ft
156 °F

3.0 in./sec for O+endsec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NOo. 0306
DATE 11/15/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

S5F/2'
5F/4'
5F/6"'
5F/8'
5F/10'

5G/2°
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2!
3H/4!
34/6°
3H/8'
3H/10°

4G /4"
4G/6"
4G/10°

4H/4"
4H/6"
4H/10'

7D/4"
7D/6"
D/10°

Initial
Temp.
(°F)
370
483
397
361
559
502
392
368
478
389
484
557
392
522
392
491
395
477

545
386

Max,
Temp.
(°F)

386

705

539

385
800
748
515
392
603
518
621
804
535
695
518
630
525
585

755
528

B-50

Turnaround
Time
(Sec)

3
27
27

4
26
38
24

5
14
22
13
29
32
14
22
13
23
11

25
26

Quench
Time
(Sec)

24
15
33
35
15
24
15
24
13

30
29



200

150 |—

MASS - POUNDS

50

- 100 {—

RUN NO.:* - 0306 -

PEAK POWERT _ 0.7 KW/FT
PRESSURE: ~55 PSIA
INITIAL CLAD TEMP.: 559 °F
COOLANT TEMP.: _ TBB°F —

; MASS INJECTED
FLOODING RATE: 3.0 _ IN/SEC

MASS STORED IN HOUSING

"MASS OUT OF HOUSING

MASS OF LIQUID COLLECTED

_ I I
20 a0 . 60 80 100

"TIME AFTER FLOOD - SECONDS -
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0405
DATE 11/15/72

A, RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature
Flooding Rate

B. INITIAL HOUSING TEMPERATURES

Elevation

(ft)

oo O B~ N O

10
12
AVG,

Temperature

(

B-53

oF)

226
355
350
413
383
324
297
354

59 psia
449 °F
0.7 kw/ft
144 °F
4.0 in./sec for O+end sec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN NO. 0405
DATE 11/15/72

C. HEATER THERMOCOUPLE DATA

Initial Max., Turnaround Quench
Temp. Temp., Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
SF/2°' 334 343 3 4
5F/4'

5F/6° -

SF/8!' 363 542 17 18
5F/10°' 332 459 22 23
5G/2! 326 341 3 5
5G/4"

5G/é" 444 627 14 15
5G/8' 381 599 22 24
5G/10' 330 452 22 23
6G/2' 322 342 14 5
6G/4' 363 471 10 11
6G/6"'

6G/8' '

6G/10' 323 447 22 23
3H/2!

3H/4" 379 474 8 9
3H/6"

3H/8'

3H/10' 327 428 18 20
4G/4" 399 525 8 10
4G/6"'

4G/10" 327 449 22 23
tH/4' 379 479 9 10
{H/6"

4H/10' 330 448 22 25
7D/4’ 366 478 10 11
/6" 449 607 14 18
D/10' 324 444 20 23
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HMASS - POUNDS

200,

160

50

it

p——

+ MASS INJECTED

RUN NO.:* - 0405
PEAK POWER: KW/FT

PRESSURE : 5% PSIA
INITIAL CLAD TEM iag
COOLANT TEMP.:

FLOODING RATE: 4.0 IN/SEC

T

MASS STORED IN HOUSING

MASS OUT OF HOUSING

! MASS OF LIQUID COLLECTED

I |
20 40 60 80 100

TINE AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET
RUN No, 0507
DATE 11/16/72

A. RUN CONDITIONS

Pressure 59 psia

Initial Clad Temperature 654 °F

Peak Power 0.7 kw/ft

Coolant Temperature 154 °F

Flooding Rate 3.0 1in./sec for0+end sec

~ B. INITIAL HOUSING TEMPERATURES
Elevation . Temperature
(ft) (°F)
0 233
2 337
4 331
6 368
8 356
10 325
12 306
AVG, 335
N
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C. HEATER THERMOCOUPLE DATA

Rod/Elev.

S5F/2'
5F/4'
5F/6'
5F/8'
5F/10°'

5G6/2°
5G/4"
5G/6"
5G6/8°
5G/10'

6G/2'
6G/4"
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4"
4G/6"
4G/10"

4H/4"
tH/6"
4H/10"

n/4'
/6"
7D/10"

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO, 0507
DATE 11/16/72

Initial

Temp.
°F)
420
551
422
412
654
586
419
414
525
418
539

421
600
421
545
427
525

628
415

Max.

Temp.
(°F)
453
746
566
417
847
792
548
441
640
534
645

559
741
531
671
541
645

801
543

B-58

Turnaround

Time

(Sec)
6
24
30
-2
21
28
24
6
13
20
11

30
15
21
16
21
12

20
24

Quench
Time
(Sec)

27
33

40
64
27

22

13

33
19
25
18
24
14

38
26




MASS - POUNDS

150

100

-

PEAK POWER:
PRESSURE :

" RUN NO.: " - 0507 :
— 0.7 KW/FT
59 PSIA

INITIAL CLAD TEMP.: 654 °F
COOLANT TEMP. : 154 °F
FLOODING RATE: 3.0 IN/SEC

/ MASS INJECTED

/
/

5 MASS STORED IN HOUSING

. MASS OUT OF HOUSING

O, MASS OF LIQUID COLLECTED

20

4 . 6 80 100
TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET
RUN No, 0608
DATE 11/17/72

A. RUN CONDITIONS

Pressure : 60 psia

Initial Clad Temperature 754 °F

Peak Power 0.7 kw/ft

Coolant Temperature 149 °F

Flooding Rate 3.0 in./sec forO+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation . Temperature

(ft) (°F)
0 243

2 331

4 378

6 443

8 363
10 345
12 311
AVG, 339
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN NO. 0608
DATE 11/17/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time

Rod/Elev., (°F) °F (Sec) (Sec)
SF/2! 460 484 4 5
5F/4!

5F/6' -

5F/8! 630 803 28 30
SF/10°' 480 620 33 36
5G/2! 448 479 5 6
5G/4!

5G/6"' 754 928 20 48
5G/8' 666 847 29 69
5G/10! 476 593 23 25
6G/2" 452 485 5 6
6G/4! 599 701 13 18
6G/6'

6G/8'

6G/10' 473 577 18 . 21
3H/2!

3H/4" 616 726 14 16
3H/6'

3H/8'

3H/10' 474 606 34 39
4G/4! 692 809 13 : 21
4G/6!

4G/10° 474 577 18 20
4H/4! 613 721 18 22
4u/e’

4H/10' 480 584 19 22
7D/4!' 598 715 15 18
7D/6' 716 873 18 43
7D/10' 468 605 38 41
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MASS - POUNDS

00 , .

150

100 —

80 —

RUN NO.:* - ogo8 -
PEAK PONERT 0.7 KW/FT
PRESSURE: _ 60 PSIA

INITIAL CLAD TEWP.: 754 °F
COOLANT TEMP.:  TA3SF —

FLOODING RATE: 3.0 IN/SEC

MASS INJECTED

MASS OUT OF HOUSING

\

MASS STORED IN HOUSING

MASS OF LIQUID COLLECTED

. 100

‘ TIME AFTER FLOOD - SECONDS
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A,

B.

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0701
DATE  11/21/72

RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature

Flooding Rate

INITIAL HOUSING TEMPERATURES

Elevation
(ft)

o o &~ NV O

10
12
AVG.

Temperature

(°F)

B-65

197
285
313
347
326
278
248
298

23 psia
375 °F
0.7 kw/ft
23 °F
3.0 in./sec for O+end sec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN NO, 0701
DATE 11/21/72

C. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp, Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2! 233 254 2 6
S5F/4°

5F/6'

5F/8' 338 556 23 28
5F/10' 270 379 17 18
5G/2! 231 258 4 5
5G/4!

5G/6"' 375 690 47 49
5G/8' 349 686 60 121
5G/10' 271 371 17 19
6G/2! 233 264 4 6
6G/4" 276 393 10 12
6G/6'

6G/8'

6G/10' 257 366 17 19
/2!

3H/4! 313 408 7 13
3H/6'

3H/8' 339 597 30 58
3H/10° 274 389 24 25
4G/4 317 504 13 15
4G/6"

4G/10* 269 366 17 19
4H/4" 311 456 14 16
4H/6"

4H/10' 266 371 18 20
D/4! 289 400 10 . 12
D/6"' 381 610 24 38
7D/10" 267 379 22 ‘ 23
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300

250

%00

ASS - FOUNDS
8

H

RUN NO,:*

- 0701

PEAK POWER: 0.7  KW/FT

PRESSURE :

23 _ PSIA : -

INITIAL CLAD TEMP.: 375 °F .3
COOLANT TEMP.: _ 130 °F MASS INJECTED
FLOODING RATE: —_ 3.0 IN/SEC

/

~MASS OUT OF HOUSING

N

100
~ MASS STORED IN HOUSING
50
¢e——MASS OF LIQUID COLLECTED
0 Sa% ! ] | | I

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO, 0802
DATE 11/21/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature

Flooding Rate

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

o & &~ N O

10
12
AVG,

Temperature

(°F)

B-69

181
284
301
303
298
259
234
278

20 psia
453 °F
0.7 kw/ft
142 °F

3.0 in./sec for O0+endsec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN No, 0802
DATE 11/21/72

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp, Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2' 294 325 5 7
5F/4°

SF/6'

5F/8' 397 617 30 32
S5F/10° 313 424 19 22
5G/2! 287 323 5 6
5G/4'

5G/6' 453 729 54 78
5G/8! 417 725 74 157
5G/10' 310 414 18 20
6G/2° 291 330 5 7
6G/4" 387 512 17 19
6G/6"'

6G/8'

6G/10' 301 408 19 21
3H/2!

3H/4' 418 547 16 23
3H/6"

3H/8' 404 661 47 115
3H/10' 317 428 25 27
4G/ 4" 456 613 16 24
4G/6"

4G/10° 311 391 13 18
4H/4" 415 543 16 20
4H/6'

4H/10" 309 412 19 22
7D/4"' 389 518 18 20
/6" 428 658 32 61
7D/10' 308 408 18 20

B-70



N
RUN NO.:* - Qggg :
PEAK POWER: KW/FT
| PRESSURE : "ﬁsm
! INITIAL CLT‘T‘E‘E'. 453 °f
300 COOLANT TEMP. - 47
N FLOODING RATE: 3.0  IN/SEC
|
250,
' MASS INJECTED
200 |-
]
-._-_"-:‘)'
o
\ MASS OUT OF HousINng
£ 50| '
100 |
MASS STORED IN HOUSING
§0 |-
0 ' |
0 20 60 80 - 100 120 140 ¢
N '

TIME AFTER FLOOD - SECONDS
B-71






LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET
RUN NO. 1109
DATE 11/29/72

A. RUN CONDITIONS

Pressure 20 psia

Initial Clad Temperature ‘ 311 °F

Peak Power .70 kw/ft

Coolant Temperature 149 °F

Flooding Rate 3.0 in./sec for O+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation . . Temperature

(ft) (°F)

0 199

2 242

4 251

6 270

8 256

10 255

12 234
AVG, 237

B-73



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)
RUN NO. 1109
DATE 11/29/72

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp. Time Time
Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2° 237 276 6 8
5F/4'
5F/6"'
5F/8' 282 518 26 29
5F/10' 261 381 20 22
scjzz 231 274 7 8
5G/4
5G/6" 311 668 50 52
5G/8' 301 673 97
5G/10' 262 375 19 21
6G/2' 235 281 7 8
gc;g: 282 423 13 15
G
6G/8'
6G/10' 244 365 20 22
3H/2°
3H;g: 297 424 11 13
34
3H/8' 266 519 32 45
3H/10° 269 393 26 27
4052: 316 511 17 19
4G
4G/10° 262 371 20 22
Zg;g: 303 433 12 14
4H/10° 254 381 26 28
7n/4: 285 426 13 15
D/6 : 303 560 28 35
7D/10 259 373 19 21
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MASS - POUNDS

200

150

100

50

RUN NO.:* - 1109
PEAK POWER:
PRESSURE :
INITIAL CLAD TEMP.:

0.7
20

COOLANT TEMP,:

FLOODING RATE:

KW/FT
PSIA

311 °F
149_°F

3.0 IN/SEC

0 o 0 o O

MASS INJECTED

\

Ay

/

e

MASS OUT.OF'

HOUSING

MQSS STORED IN HOUSING

-

Q

/,v ' N ) .
() .
/ ,,45‘*\MAss OF LIQUID COLLECTED
O L
+ l L |
20 100 120 "140

TIME AFTER ‘FLOOD - SECONDS

B-75






A,

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO, 1212
DATE 12/1/72

RUN CONDITIONS

Pressure

Initial Clad Temperature
Peak Power

Coolant Temperature

Flooding Rate

INITIAL HOUSING TEMPERATURES

Elevation

(fv)

o & B~ N O

10
12
AVG,

Temperature

(°F)

B-77

169
173
183
181

175 -

190
210

181

19 psia

253 °F

0.7 kw/ft

139 °F
6.5 in./sec for 0+3.4
.97 in./sec for 3.4-60
.96 in./sec for 60+end

sec

secC

sec



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO.
DATE

1212
12/1/72

C. HEATER THERMOCOUPLE DATA

Initial Max, Turnaround Quench
Temp. Temp, Time Time

Rod/Elev. (°F) (°F) (Sec) (Sec)
5F/2" 186 203 4

5F/4!

5F/6"'

S5F/8' 229 795 127 203
5F/10' 213 562 85 88
5G/2° 181 209 47

5G/4"

5G/6°' 253 825 74 125
5G/8' 240 863 127 258
5G/10' 212 495 52 56
6G/2' 183 207 4 :
6G/4" 230 511 24 26
6G/6"'

6G/8'

6G/10' 193 469 47 50
3H/2'

3H/4' 235 505 24 29
3H/6° 258 813 76 96
3H/8' 205 849 132 221
3H/10' 215 565 138 514° @ 300 sec

no quench

4G/ 4" 252 628 28 30
4G/6"

4G/10' 210 466 42 44
4H/4" 242 542 28 30
4H/6" :

4H/10° 200 489 73 77
7D/4" 232 510 24 27
7D/6' 247 747 74 101
7D/10' 208 495 51 54
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RUN NO.:" - 121 .
PEAK POWER: _ 0.7 KW/FT
PRESSURE: — 19 PSIA N

IN(I)TIAL CLATJ‘T‘M'PT: 253 SF-
COOLANT TEMP.: 138 °F
FLOODING RATE: —___ A IN/SEC 4z "MASS INJECTED

/< - MASS OUT OF HOUSING

,. / /" -MASS STORED IN HOUSING
i /

e

Pt .
/‘/ ~~MASS OF LIQUID COLLECTED
1= 1 [ | 1 |

40 80 120 160 200 - 240 280
Y

TINE AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET
RUN NO, 1516
DATE 12/6/72

A, RUN CONDITIONS

Pressure 22 psia

Initial Clad Temperature 320 °F

Peak Power 1.0 kw/ft

Coolant Temperature ' 145 °F

Flooding Rate 6.1 in./sec for 0+3.4 sec

3.1 in,./sec for 3.4+15.5 sec
1.0 in./sec for 15.5*end sec

~ B. INITIAL HOUSING TEMPERATURES
Elevation ’ Temperature
(ft) (°F)
0 181
2 254
4 274
6 296
8 274
10 243
12 220
AVG, , 259
N
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C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4!
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6"'
6G/8'
6G/10'

3H/2?
3H/4'
3H/6'
34/8'
3H/10°

4G/4"
4G/6°
4G/10'

4H/4"
tH/6"
4H/10°

D/4!
D/6°*
7D/10'

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN N
DATE

0.

1516
12/6/72

Initial

Temp.

(

244
279
270
246
320
300
243
281

260

311
282
264
330
267
326
270
287

308
260

Max.

Temp.,

(°F)
250
663
403

254

1043
257
395

396

400
919
420
545
295
495
456
405

913
727

B-82

Turnaround

Time
(Sec)

3

30

14

3

90

140

~ W

15

90
19

12

14

12

25

86
140

Quench
Time
(Sec)

32
16

149

411

17

92
20

12
16
13
26

88
171




- MASS - POUNDS

AN

§ _
|

RUN NO.:* - 1516 . ' :
PEAK POWER: 1.0 KW/FT - MASS INJECTED
PRESSURE: 22 PSIA '

IgéTIAL CLAD TEMP.: °F

COOLANT TEMP.: 145 '

FLOODING RATE: B__ IN/SEC

MASS OUT GF HOUSING

n MASS OF LIQUID COLLECTED .

(D () (-) 0 90

-~ MASS STORED IN HOUSING

S !

o .-300 00 - 500
TIME AFTER FLOOD - S