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FINAL AGENDA

SEVENTH WATER REACTOR SAFETY RESEARCH
INFORMATION MEETING

AT THC

NATIONAL BUREAU OF STANDARDS
ADMINISTRATION BUILDING 101
GAITHERSBURG, MARYLAND

NOVEMBER 5 - 9, 1979

Registration

Registration desks will be located in the hallway between the Red and
Green Auditoriums.

Registration will begin before the meetings and extend into the
morning coffee break.

A registration fee of $6.00 for each day of attendance will be charged
each meeting participant to defray expenses.

Cafeteria tickets will be issued at the time of registration.

Entry to the cafeteria for the special prepaid luncheons will be
through the use of cafeteria tickets only,
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AGENDA

SEVENTH WATER REACTOR SAFETY RESEARCH
INFORMATION MEETING

MONDAY, NOVEMBER 5, 1979

RED AUDITORIUM - ALL PARTICIPANTS

9:15 am - Introductory Remarks J.

T

G.

9:25 am - Highlights of WRSR Achievements in L

FY-79
Three Mile Island Accident

9:40 am - What NRC Is Doing In Response to TMI H.
10:05 am - Coffee Break

10:20 am - Status in the Understanding of TMI W.

10:45 am - Radiological Aspects of TMI Accident F.

LOFT PROGRAM

MORNING SESSION - RED AUDITORIUM

Chairman: G. D. McPherson, NRC

M. Hendrie

. Levine

E. Murley
L. Bennett, NRC

. S. Tong, NRC

e

. Denton, NRC

V. Johnston. NRC

[

. Miraglia, NRC

11:10 am - Overview of the LOFT Program G. D. McPherson, NRC

11:20 am - Analysis of LOFT Tests L¢-£, L2-3 and L. P. Leach, EG&G
L3-0

12:00 pm - Results of the PBF/LOFT Lead Rod Test D. J. Varacalle, EG&G
Program

12:20 pm - Status of LOFT Two-Phase Flow W. J. Quapp, EG&G
Instrumentation Calibration

12:35 pm - Planning for Small Breaks and Other G. D. McPherson, NRC
Future Tests

12:45 pm - Discussion '600

1:00 pm - Lunch 003



AFTERNOON

MONDAY, NOVEMBEP 5, 1979

SEPARATE EFFECTS TESTS AND ANALYSES

SESSION - RED AUDITORIUM

3:15 pm -
3:30 pm -

4:30 pm -

Semiscale Program

Chairman: H. Sullivan, NRC

Highlights of Semiscale Tests and Analysis,
Nov. 1978-Nov. 1979

Results from Semiscale Three Mile Island
Experiments

Preliminary Results from Semiscale Small
Break Test

Instrumentation Programs of NRC

Chairfman: Y. Y. Hsu, NRC

Introduction - U,S. Instrumentation
Activities

Coffee Break

Pulsed Neutron Generator for Two-Phase
Flow Measurement

Pulsed Neutron Activation Calibration
Technique

Instrumentation For Film Dynamics
In Two-Phase Flow

Advanced Instrumentation for Reflood Studies

Advanced Spool Piece Development and Signal
Analysis

Adjourn

G. Yanson, EG&G
K. Larscon, EG&G

A. Harvego, EG&G

Y. Hsu, NRC

E. Rochau, SANDIA
Kehler, ANL

E. Chen, Lehigh Univ,
Eads, ORNL

Turnage
E. Davis, ORNL

1600 004
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MONDAY, NOVEMBER 5, 1979

SEPARATE EFFECTS TESTS AND ANALYSES

AFTERNOON SESSION - CONFERENCE ROOM "“A"

2

3

w W

4:

LS L S, |

:00 pm
:25 pm

:50 pm
:15 pm
:30 pm
:55 pm

20 pm

:00 pm
:30 pm

Thermalhydraulic Model Development: 1. Heat Transfer

Chairman: L. B. Thompson, NRC

Transient CHF Correlations J. C. M. Leung, ANL

Progress in Low Quality and Subcooled D. C. Groeneveld, AECL
Post-CHF Studies

Non-Equilibrium Post-CHr Heat Transfer J. E. Chen, Lehigh Univ,
Coffee Break

Predictions of Core Rewet Behavior R. A. Nelson, EG&G
Cladding Rewets Observed in LOFT E. L. Tolman, EG&G
Large Break LOCA Tests

Rewetting in the Semiscale MOD-1 and D. M. Snider, EG&G
MOD-3 Cores

Discussion

Adjourn

1600 005
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TUESDAY, NOVEMBER 6, 1979

SEPARATE EFFECTS TESTS AND ANALYSES

MORN . = "SSION - RED AUDITORIUM

20/3D Program

Chairman: W. S. Farmer, NRC

9:15 am - Introduction L. S. Tang, NRC
9:30 am - Japanese Safety Research Programs - M. Nozawa, JAERI

ROSA, CCTF, and SCTF
10:15 am - Coffee Break

Reflood Tests and Analysis
Chairman: L. B. Thompson, NRC
10:30 am - Results of NRC/W/EPRI FLECHT SEASET Program L. E. Hochreiter, W
11:15 pm - Gravity Reflood Oscillations in a PWR P. Griffith
Y. L. Cheung, MIT

11:45 pm - Invited Paper - Experimental Capabilities K. Muller-Dietsche, KfK, FRG

of the HOR Plant with Emphasis on

Blowdown Testing
12:15 pm - Discussion
1:00 pm - Lunch

1600 006
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TUESDAY, NOVEMBER 6, 1979

LOFY PROGRAM

MORNING SESSION - CONFERENCE ROOM "A"

Workshop on Instrumentation Programs

Chairman: N. Kondic, NRC

9:15 am - Introducticn N. Xondic, NRC

9:30 am - Status of iwo-Phase Flow J. R. Fincke, EG&G
Standards Selection

9:50 am - Video Optical Systems for the 20/30 W. L. Kirchner, LASL
Multirational Refili-Reflood Program

10:15 am - Coffee Break

10:30 am - Reactor Noise Applications to Two-Phase R. W. Albrecht, U, of
Flow Studies Washington

10:50 am - Void Fraction Measurement Using S. Banerjee, McMaster U.
Neuvtrons

11:10 am - Holographic and Laser Doppler Studies R. S. Tankin, HWU

11:35 am - Survey of INEL Advanced Instrumentation J. V. Anderson, EGX

i2:25 pm - Discussion

6

o

3
1

Lunch

TUESDAY, NOVEMBER 6, 1979

SEPARATE EFFECTS TESTS AND ANALYSES
AFTERNOON SESSION - RED AUDITORIUM

BWR Safety Research Program

Chairman: W. D. Beckner, NRC

2:00 pm - Introduction - Boiling Water Reactor Safety W. D. Beckner, NRC
Research Programs

2:15 pm - BWR BD/ECC Program - System Response G. L. Sozzi, GE
With ECC Injection

2:45 pm - A Comparison of RELAP Calculations G. E. Wilson, EG&G
With TLTA Test 6406

3:15 pm - Coffee Break '600 007
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TUESDAY, NOVEMBER 6, 1979

SEPARATE EFFECTS TESTS AND ANALYSES

AFTERNOON SESSION - RED AUDITORIUM

BWR Safety Research Program (Cont'd)

2:30 om - BWR Care Spray Distribution G. E. Dix, GE

4:00 pm - An Improved RELAP-4 Jet Pump Model T. R. Charlton, EG&G
4:30 pm - Discussion

5:00 om - Adjourn

TUESDAY NOVEMBER 6, 1979
SEPARATE EFFECTS TESTS AND ANALYSES

MORNING SESSION - LONFERENCE ROOM "B"

Thermalhydraulic Model Development:
Session 11 - Interfacial Mass Transfer

Chairman: Y. Y. Hsu, NRC

9:15 am - Nonequilibrium Phase Change Studies N. Abuaf, BNL
9:45 am - Steam-Water Mixing Studies S. G. Bankoff
R. S. Tankin
M. C. Yuen, NWU
10:15 am - Coffee Break
10:30 am - Droplet Entrainment Studies of Dispersed R. S. L. Lee
Flow Through Tie Plate in LOCA by LDA J. Srinivasan
Method S. K. Cho, SUNY
11:00 am - Droplet Cross Flow Phenomena in in LPWR W. L. Kirchner
Upper Plenum J. C. Daliman, LASL
11:30 am - Two-Fluid Model and Momentum Interaction M. Ishii
Between Phases T. C. Chowla, ANL
12:00 pm - Phase Distribution and Separation Phenomena R. T. Lahey, RPI
12:30 pm - Discussion ]600
1:00 pm - Lunch 008
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TUESDAY, NOVEMBER 6, 1979

SEPARATE EFFECTS TESTS AND ANALYSES

AFTERNOON SESSION - CONFERENCE ROOM "B"

Thermal hydraulic Model Development: Session II (Cont'd)

2:00 pm - Steam Generator Flow Instabilities P. Griffith
and Natural Circulation D-Y. Hsia
R. Bjorge, MIT

2:45 pm - Heat Transfer Modeling for Steam Generators P. Saha, BNL
3:15 pm - Coffee Break

3:30 pm - Steam Generator Modeling and G. E. Wilson, EG&G
Comparisons With rLECHT SEASET Data

4:00 pm - Discussion

4:30 pm - Adjourn

WEDNESDAY, NOVEMBER 7, 1979
SEPARATE EFFECTS TESTS AND ANALYSES

MORNING SESSION - CONFERENCE ROOM "A"

Workshop on ECC Bypass

Chairman: W. D. Beckner, NRC

9:15 am - Summary of the Small Scale ECC Bypass W. D. Beckner, NRC
Research Information Letter

9:40 am - Downcomer Flow Topology Results at R. P. Collier, BCL
2/15 Scale

9:55 am - Flashing Transients and ECC Interactions C. J. Crowley, Creare

10:15 am - Coffee Break

10:30 am - Summary of Air Water Flooding Experiments H. J. Richter,
Dartmouth C.

10:50 am - Discussion

Poster Session in Hallway - 11:00 am - 1:00 pm

RSR Data Bank at INEL
Reactor Safety Research Data Repository at ORNL

1600 009



WEDNESDAY, NOVEMBER 7, 1979

LOFT PROGRAM

MORNING SESSION - CONFERENCE ROOM “B"

9:15 am - 1:00 pm with 10:15 am Coffee Break

Panel Discussion on LOFT Program Results

Chairman: G. D. McPherson, NRC

WEDNESDAY, NOVEMBER 7, 1979

AFTERNOON SESSION - CONFERENCE ROOM "A"™

w w NN

:00 pm

:30 pm

:30 pm

:00 pm

:30 pm

:00 pm
:30 pm

EPRI R&D Program

Chairman: W. B. Loewenstein, EPRI

The EPRI Safety R&D Program
Pump Two-Phase Performance Results
Coffee Break

Analysis of Optional Transients in
LWRs Using RETRAN

Operating Effectiveness - Human Factors
Research & Disturbance Analysis

Safety System

BWR Pipe Cracking Research

Discussion

Adjourn

W,

K.

J.

Jo
A.

R'

B. Loewenstein, EPRI
Nilsson, EPRI
Naser, EPRI

Prestele,
Long, EPRI

Smith, EPRI

1600 010



MONDAY, NOVEMBER 5, 1979

RED AUDITORIUM - ALL PARTICIPANTS

9:15 am - 11:10 am - Introductions, Research Highlichts, and Presentations
; on the Three Mile Island Accident - See Page 1 of the
agenda.

METALLURGY AND MATERIALS RESEARCH

MORNING SESSION - GREEN AUDITORIUM

11:15 am - Introductory Remarks C. Z. Serpan, Jr., NRC
Symposium on Tearing Instability and Ductile
Shelf Testing Technology
Chairman: P, Albrecht, NRC
11:25 am - Application of Tearing Instability Amalysis P. C. Paris, Wash Univ.
to Primary Systems
11:45 am - Computer-interactive Unloading Compliance J. P. Gudas, NSRDC
Test Method Validation
12:05 pm - Key Curve Analysis of Ductile Shelf J. A. Joyce, U.S.
Fracture Toughness Naval Academy
12:25 pm - Ductile Shelf Fracture Toughness of F. J. Loss, NRL
Irradiated Steels
12:45 pm - Discussion
1:00 pm - Lunch

1600 01



-10 -

MONDAY, NOVEMBER 5, 1979

.. e e e .. ———

METALLUKGY AND MATERIALS RESEARCH

AFTERNOOX SESSION - GREEN AUDITORIUM

2:00

2:20

2:40

3:00

3:20

3:40

4:00

4:20

4:40

5:00

3

pm

Vessel and Piping Integrity

Chairman: P. Albrecht, NRC

Influence of Critical Parameters on Cyclic
Crack Growth Rate

Design Rules for Multiple Interacting
Nozzles in Vessels

Revaluation of Criteria for Postulating
Cold Leg Breaks
Coffee Break

Chairman: M. Vagins, NRC

Two-Phase Jet Loads

Development of Large-Displacement,
Non-Linear, Elastic-Plastic Code for
Pipe Whip Analysis

Standard Crack Arvest Specimen
and Analysis

Crack Initiation and Arrest of Cracks from
Deep Flaws Under Thermal Shock Loading

Determination of K-Facters for Arbitrarily
Shaped Flaws at Pressure Vessel Nozzle
Corners

Adjourn

W. Cullen, NRL
S. Moore, ORNL

R. J. Eiber, BCL

D. Tomasko, Sandia

G. H. Powell, Univ. of
Calif./Berkeley

G. R. Irwin, Univ. of
Maryland

R. D. Cheverton, ORNL

J. W. Bryson, ORNL

1600 017
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TUESDAY, NOVEMBER 6, 1979

METALLURGY AND MATERIALS RESEARCH

MORNING SESSION - GREEN AUDITORIUM

Irradiation Effects and Neutron Dosimetry

Chairman: C. Z. Serpan, Jr., NRC

9:15 am - Notch Ductility Degradation of Low Alloy J. R. Hawthorna, NRL
Steels with Low-to-Intermediate Neutron
Fluence Exposures

9:45 am - Progress Report of Pressure Vessel W. N. McElroy, HEDL
Surveillance Dosimetry Improvement

10:15 am - Coffee Break

10:30 am - validation of Predictions of Flux and F. B. K. Kam, ORNL
Spectrum in a Pressure Vessel Wall
Environment

11:00 am - Invited Paper - Embrittlement Saturation D. Pachur, KFA
of Reactor Pressure Vessel eels Julich, FRG

Steam Generator Tnbe Integrity and Stress Corrosion

Chairman: J. Muscara, NRC

11:30 am - Feasibility of Studies on a Retired Steam R. Clark, PNL
Generator

12:00 pm - The EPR Method for the Detection of W. L. Clarke, GE
Sensitization in Stainless Steels

12:30 pm - Stress Corrosion Cracking Predictability in D. Van Rooyen, BNL
Steam Generator Tubes

\ 1600 013

1:00 pm - Lunch
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TUESDAY, NOVEMBER 6, 1979

METALLURGY AND MATERIAL> RESEARCH

AFTERNOON SESSION - GREEN AUDITORIUM

pm

g

3

Non-Destructive Examination
Chairman: J. Muscara, NRC

Quantified Flaw Detection ard Evaluation
During In-Process Welding of Nuclear
Components

Acoustic Emission/Material Property
Relationships, Signature Analyses and
Equipment Design for Continucus Monitoring
of Reactors

The Application of the Internal Friction
Damping Nondestructive Evaluaticn Technique
for Detecting Incipient Cracking of BWR
Primary Piping Systems

Coffee Break

Improved Ultrasonic Flaw Detection
and Characterization Using 3-D Imaging
from Synthetic Aperture and Spotlight Mode

Improved Multi-Frequency Eddy Current
Test and Analyses for In-Service Inspection
of Steam Generator Tubes

Proposed Improved Test Standard for Steam
Generator Tube Inspection

Ultrasonic Testing Flaw Detection
Probability and Reliability of Piping
Steels

Discuscion

Adjourn

D. W. Prine, GARD

o

. Hutton, PNL

L. L. Yeager
A. A. Hochrein, Jr.,
Daedalean Associates

C. Vanden Broek,
U. of Michigan

C. V. Dodd, ORNL

R. Clark, PNL

F. L. Becker, PNL

1600 014
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WEDNESDAY, NOVEMBER 7, 1979

ANALYSIS DEVELOPMENT PROGRAH

MORNING SESSION - RED AUDITORIUM

9:15

9:30
10:10
10:30
11:00
11:30

12:00
12:30
1:00

am

§ 8 § §8 §

3

Introduction

Code Development Program

S. Fabic, NRC

Session A-1: Improvements in Existing Codes

Chairman: W. C. Lyon, NRC
RELAP-4/M0OD 7 Development
Coffee Break
WRAP-BWR-EM System Development and Applications
WRAP-PWR-EM System Development and Applications

Application of RAMONA-III &nd IRT Codes
to BWR and PWR Analysis

RELAP-4 Application to TMI-2 Accident
RELAP-5 Development and Applications

Lunch

1600

S. R, Behling, EG&G

M. R, Buckner, SRL
F. Beranek, SRL

D. J. Diamond

W. G, Shier, BNL
S

']

. R, Behling, EG&G
. H. Ransom, EG&C

015
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WEDNESDAY, NOVEMBER 7, 1979

ANALYSIS DEVELOPMENT PROGRAM

AFTERNOON SESSION - hou AU. . IUM

2:00 pm

2:20 pm
2:50 pm

3:20 pm
3:35 pm

4:00 pm
4:30 pm

5:00 pm

5:25 pm
5:50 pm

Code Development Program

Session A-2: Development and Application of
~ Advanced Codes

Chairman: L. M, Shotkin, NRC

Variation of Doppler Reactivity A. Radkowsky, GWU
Coefficient With Depletion Tel Aviv Univ,
TRAC Code Development Status R. J. Pryor, LASL
TRAC Hydrodynamics and Heat Transfer D. R, Liles

D. A. Mandell

F. L. Addessio, LASL
Loffee Break
TRAC Applications to the 2D/3D Facilities P. B. Bleiweis, LASL
Analysis of TMI Accident Using TRAC J. R. Ireland, LASL
Constitutive Modeling for Steam-Water B. J. Daly, LASL
Interactions
Numerical Simulation of Hydroelastic Motiorn W. C. Rivard, LASL
with Application to the Full-Scale HDR Tests
TRAC Code Sensitivity Studies M. McKay, LASL

Adjourn

1600 J16
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THURSDAY, NOVEMBER 8, 1979
ANALYSIS DEVELOPMENT PROGRAM

MORNING SEZ_iON - RED AUDITORIUM

9:15 am

9:40 am
10:10 am

10:30 am

11:00 am
11:30 am

Continuation of Session A-2: Development and Application

of Advanced Codes

Chairman: S. Fabic, NRC

CORRA -TF Development and Application M. Thurgood, PNL

to Semiscale S-07-6 Test

COBRA-TF Reflood Model J. M. Kelly, PNL

Coffee Break

Code Assessment and Sensitivity Studies

Chairman: N. Zuber, NRC
Assessment of RELAP 4/MOD 6

TRAC Code Developmental Assessment
TRAC Code Independent Assessment J

e~

. o

T. R, Cnarlton, EG&G
K. A. walliams, LASL

Vigil

at LASL: Part A T. D. Knight, LASL

1600 017
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THURSDAY, NOVEMBER 8, 1979

ANALYSIS DEVELOPMENT PROGRAM

MORNING SESSION - RED AUDITORIUM

Code Assessment and Sensitivity Studies (Cont'd)

12:00 pm - TRAC Code Independent Assessment: Part B P. Saha

U. S. Rohatgi, BNL

12:30 pm - Statistical Analysis of the Blowdown Phase M. Berman
of a LOCA in a PWR as Calculated by R. K. Byers
RELAP 4/MOD 6 G. P. Steck, SANDIA

1:00 pm - Lunch

AFTERNOON SESSION - RED AUDITORIUM

3:10

pm

3

Em

Containment Analyses and Related Programs

Chairman: R. L. Cudlin, NRC

BEACON Development and Assessment C. R. Broadus, EG&G
Objective and Results of the German H. Karwat, TUM/FRG

Containment Standard Problem - Invited W. Winkler, GRS/FRG
Paper

Coffee Break

Invited Paper - First Results of Large D. Seeliger
Scale Pressure Suppression System Experiments E. Aust, GKSS
at the GKSS Facility

Invited Paper - Distribution of Hydrogen H. L. Jahn, GRS
Released Wit'iin Compartmented Contzinment G. Langer,

in Consequence of a LOCA: Analysis and Battelle/Frankfurt
Verification

Comprehensive Report on Results of the G. He'iings, GRS
Battelle-Frankfurt Containment Experiments H. Kanzleiter,

and Analytical Verification - Invited Paper Battelle/Frankfurt
Application of PELE-IC to BWR C. S. Landram, LLL

Containment Issues

Adjourn

1600 018



o TEi

WEDNESDAY, NOVEMBER 7, 1979

FUEL BEHAVIOR RESEARCH PROGRAM

MORNING SESSION - GREEN AUDITORIUM

Chairman: W. V. Johnston, NRC

9:15 am - Progress in Fuel Behavior Research W. V. Johnston, NRC
9:45 am - Recent Results From the NSRR Experiments M. Ishikawa
T. Fujishiro
T. Hoshi
N. Ohnishi, JAERI
10:15 am - Coffee Break
10:3u am - Probabilistic Whole Core Damage Analysis H. Borgwaldt
Using the SSYST Fuel Behavior Code R. Meyder
W. Sengpiel, KfK/FRG
11:15 am - FRAP-T5 Model Improvements and Uncertainty M. P. Bohn, EG&G

Analysis Capabilities

12:00 pm - Independent Assessment of FRAPCON-1 and E. T. Laats, EG&G
FRAP T-5

12:45 pm - Discussion
1:00 pm - Lunch
AFTERNOON SESSION - GREEN AUDITORIUM

Workshop on Modeling of Zircaloy Cladding Properties

Chairman: M. L. Picklesimer, NRC

2:00 pm - Introduction and Status M. L. Picklesimer, NRC
2:15 pm - Physical Properties of Zircaloy D. L. Hagrman, EG&G

in MATPRO
2:45 pm - Cladding Stress of Failure D. L. Hagrman, EG&G
3:15 pm - Coffee Break

1600 019
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WEDNESDAY, NOVEMBER 7, 1979

FUEL BEHAVIOR RESEARCH PROGRAM

AFTERNOON SESSION - GREEN AUDITORIUM
Workshoj on Modeling of Zircaloy Cladding Propertiss (Cont'd)

3:30 pm - Mechanical Properties of Zircaloy - DILATE C. L. Mohr, PNL

i Miller
4:00 pm - The MATMOD Approach %o Mode]llng' A. K. ’
of Zircaloy Non-Elastic Deformaticn Stanford U.

: - Properties of Zircaloy - NORA S. Raff

4:30 pm - Mechanical Prop y e
R. Meyvder, KfK/FRG

5:00 pm - Summary and Conclusions
5:30 pm - Adjourn

THURSDAY, NOVEMBER 8, 1979

FUEL BEHAVIOR RESEARCH PROGRAM

MORNING SESSION - GREEN AUDITORIUM

Chairman: R. R. Sherry, NRC

9:15 am - Fission Product Transport Analysis J. A. Gieseke, BCL

9:45 am - Melt/Concrete Interactions: The Sandia D. A. Powers
Experimental Program, Model Development J. F. Muir, SANDIA
and Code Comparison Test

10:15 am - Coffee Break

10:30 am - Experimental and Theoretical Results on G. Hofmann
Long-Term Coolability of a Partially W. Baumann, KfK/FRG

Blocked Core

1600 020
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THURSDAY, NOVEMBER 8, 1979

FUEL BEHAVIOR RESEARCH PROGRAM

MORNING SESSION - GREEN AUDITORIUM

PBF_Program
Chairman: M. L. Picklesimer, NRC

11:00 am - Overview of Recent PBF Test Results H. J. Zeile, EG&G

11:15 am - Influence of Internal Pressure and Prior T. R. Yackle, EG&G
Irradiation on Deformation of Zircaloy
Cladding: LOC-3 Results

11:45 am - An Evaluation of the Effects of Surface J. Broughton, EGAG
Thermocouples on LOCA Rewet: TC-1 Results

12:15 pm - Light Water Reactor Fuel Response During P. E. MacDonald, EGAG
RIA Experimerts

12:45 pm - Discussion

1:00 pm - Lunch

AFTERNOON SESSION - GREEN AUDITORIUM

Workshop on Plans for In-Reactor Fuel Behavior Experiments

Chairman: R. Van Houten, NRC

2:00 pm - Introduction - In-Reactor Fuel Testing R. Van Houten, NRC
2:15 pm - PBF Experimental Pragram P. E. MacDonald
H. J. Zeile, EG&G
2:45 pm - ESSOR Test Program J. Randles, Ispra
3:10 pm - Coffee Break
3:25 pm - NkU Experiment Plans C. Mohr, PNL
3:50 pm - In-Reactor Fuel Transient Fuel Behavior R. D. MacDonald, AECL
Experiments at CRNL
4:15 pm - In-Reactor Fuel Behavior Tests in the A, Mann, UKAEA
DIDO High Pressure Water Loop
4:40 pm - French In-keactor Fuel Behavior Experiments M, Chagrot, FAR
5:05 pm - In-Reactor Experiments in Japan M, Ishikawa
M. Ichikawa
S. Ohuchi, JAERI
5:30 pm - Summary and Conclusions R. Van Houten, NRC
5:45 pm - Adjourn ]600 02'
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THURSDAY, NOVEMBER 8, 1979

AFTERNOON SESSION - CONF “<“NCE ROOM "A"

2:00 pm

2:40 pm

3:15 pm
3:30 pm

4:00 pm

4:30 pm

5:00 pm

Works: .p on Fission Product Release

————

Co-Chairmen. - R, Sherry and G. P. Marino, NRC

-~

ANL Fission Gas Release [  riments
and Analysis

Fission Product Release from vefected
LWR Fuel Rods

Cof‘ee Break

Eyperimental Investigation of LWR-Core
Material Release at Temperatures Ranging
from 1500-2800°C

Fission Product Release During the
Interaction of Molten Core Materials
with Concrete

Rel?ase of Fission Products from Failed
Fue

Adjourn

0 > [y}
. .

L=
. .

(=
.

M. Gehl
Rest, ANL

P. Malinauskas
A, Lorenz
L. Collins, ORNL

Albrecht
Matschoss
Wild, KfK/FRG

Powers, Sandia

Ishiva. i, JAERI

1600 022



THURSDAY, NOVEMBER 8, 1979

DIVISION OF SAFEGUARDS, FUEL CYCLE AND

ENVIRONMENTAL RESEARCH

AFTERNOON SESSION - CONFERENCE ROOM "B"
Systems Performance Research
Chairman: 0. Solberg, NRC
2:00 pm - Atmospheric Degradation of Activated Charcoal
2:40 pm - Validation of a Monte Carlo Code for
Radiation Streaming Analyses
3:15 pm - Coffee Break
3:30 pm - Measurements of Radionuclide Concentrations
in Liquid and Gaseous Streams in PWRs
4:00 pm - Impact of Decontamination on Radioactive
Waste Treatment Systems
4:30 pm - Analysis of Biological Shield Materials.
for Elements That Could Produce Long-Lived
Activation Products
5:00 pm - Discussion
5:15 pm - Adjourn

v. R.

Deitz, NRL

. Cohen, MAGI

. Mandler, EG&G

. Perrigo, PNL

. Evans, PNL
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FRIDAY, NOVEMBER 9, 1979
REACTOR OPERATIONAL SAFETY PROGRAM

MORNING SESSION - RED AUDITORIUM

Chairman: G. L. Bennett, NRC

9:15 am - Opening Remarks G. L. Bennett, NRC
9:20 am - Status of the Qualification Testing L. L. Bonzon, SANDIA
Evaluation Program
9:45 am - Results from Combined and Single K. T. Gillen
Environment Accelerated Aging R. L. Clough
Studies E. A. Salazar, SANDIA
10:15 am - Coffee Break
10:30 am - Status of Research on the Qualification N. Hayakc<wa, JAERI
Testing of Wire and Cable Focusing on
the Accelerated Aging Test
11:00 am - Status of the Fire Protection Research L. J. Klamerus, SANDIA

Program

:1:30 am - Fire Suppression Studies - Burnin F. R. Krause, SANDIA

Characteristics of Horizontal Cab?e Trays

12:00 pm - Qualification Testing and Evaluation K. Yahagi, Waseda Univ.,
of Flame-Retardant and Radiation- Japan
Resistive Cables in JAPAN

12:30 pm - Fire Protection Research for Cables A. Kjellberg, ASEA-ATOM

in Swedish Reactors

1:00 p - Lunch
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FRIDAY, NOVEMBER 9, 1979

KEACTOR OPERATIONAL SAFETY PROGRAM

AFTERNOON SESSION - RED AUDITORIUM
Chairman: G. L. Bennett, NRC
2:00 pm - Fire Resistance of Cable Penetration Seals-
II. Prediction of Trends
2:40 pm - Application of Noise Analysis to
Safety-Related Diagnostics and
Assessments
3:15 pm - Coffee Break
3:30 pm - Safety-Related Operator
Actions
4:00 pm - Survey of Subcoole¢ ‘scharge Flow
Through Pressurizer s>afety/Relief Valves
4:30 pm - Objective, Experimental Results and
Analytical Interpretation of Various Valve
Tests Performed at the HDR Facility -
Invited Paper
5:00 pm - Di~cussion
5:15 pm - Adjourn

L. W. Hunter
S. Favin, APL

D. N. Frij, ORNL

P. Haas, ORNL

E. S. Hutmacher, ETEC

T. Grillenberger, GRS/FRG
K. H. Scholl, KfK/FRG
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HIGHLIGHTS OF W°SR ACHIEVEMENTS IN FY-79
Lo S. Tong, ]]-5-79

As in previous years, this meeting emphasizes research results, I'd like

to highlight some of the results in five areas.

I. Accident Detec*icn and Prevention

A.

Noise Analysis on Neutron Detectors (ORNL) -

Analytical results indicate that BWR stability can be measured on-
line by analyzing the noise signature at 0.5 Hz frequency in the
neutron flux power spectral density, This will be useful in
measuring the thermal-hydraulic and nuclear stability of a BWR

at high fuel burnups.

Surveillance of Piping Crack (Daedalean Ps3sociates) -

A new non-destructive evaluation technique called internal friction
damping, can indicate incipient stress-corrosion cracking in piping.
The technigque monitors Lhe damping of an output signal resulting from
an input vibration to the pipe. The viewgraph is a typical example
showing an increase in the specific damping capacity indicating

C. 2ck initiation. This technigue has been demonstrated successfully

in four laboratory pipe-loop tests., It is under field test at
Dresden Unit II.

Quality Assurance of Pipe Welding (GARD) -

The weld-flaw detector developed at GARD is ready for field applica-
tion. This detector uses acoustic emission to detect and locate
flaws during welding, It can distinquish signals between that of

cracks and slag inclusions, This technique has been successfully
demonstrated to the British at Risley.

Quality Assurance of Stainless Steel Against Sensitization (GE)-

A field monitor was developed for detecting sensitization of stainless
steel BWR piping by an electrochemical technigue. Field tests showed
very successful results and it is in process of being adopted by ASTM

as a standard method. , 600 02 9



IT. Separate Effects Understanding and Modeling for Reactor Transients and

Accidents

A.

Heat Transfer Data in Partially Uncovered Core (W) - In FLECHT SEASET,

steam heat transfer and two-phase flow heat transfer were measured in
tetally and partially uncovered cores, respectively. These data are
useful in evaluation of core damage when it is uncovered in a small
break LOCA.

ECC Penetration in Downcomer, Data and Correlation (BCL & CREARE) -

A correlation of ECC penetration in downcomer was developed based on
the data obtained from small scale tests (1/15 and 2/15 scale) at
BCL and CREARE, This correlation is believed to be conservative for

applying to a large scale.

Transient Fission Gas Release Data from Irradiated Fuels (ANL) -

Data were obtained in out-of-pile tests during very rapid power-
cooling mismatch type transients,

Elastic-plastic Fracture Toughness of RPV (USNA) -

A new technique was established for determination of J-R curve from
a single specimen by using the unloading cowpliance method. This
technique will simplify the determination of the elastic-plastic

fracture toughness of reactor vessel steels.
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ITI. Reactor System Testing and Evaluation

A.

LOFT L2-2 and L2-3 Tests (INEL) -

In the past year, LOF™ has run two large break LOCA tests. The
first test (L2-2), performed in December 1978, was initiated at a
maximum core power density of 8 Kw/ft (two-thirds the value corresponding
to full power operction in most commercial PWRs), For the second

test (L2-3), performed in May 1979, the maximum core power density
was 12 Kw/ft (equal to that for full power operation in commercial PWRs).

Both tests simulated full-sized double-ended cold leg breaks with cold
leg injection of the emergency coolant and off-site power was assumed
to be available to the primary and emergency coolant pumps. Both
tests yielded similar results. Where differences were observed,

they were only due to the 50% difference in core power being generated
at the time of test initiation.

While more large break tests remain to be done, the results of these
first two provide confidence in our understanding of large break be-
havior and in the adequacy of PWR emergency cooling systems intended to

cope with large breaks.

Recently, the urgency to study small breaks and anomalous transients
was increased, As a result, NRC has advanced small break and transient

simulations in its test program. In fact, a zero-powered test
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involving depressurization through the pressurizer relief valve
waS run last May as a preparation for future nuclear power tests.
The first nuclear powered small break test is scheduled to be run
nine aars from now, and several more small break and transient

tests will be run during the coming year.

The NRC is proud of the work performed within the LOFT program and
give credit for these successes to the staff of EG&G who performed
the work and the LOFT Project Office of DOE, which is responsible

for the day-to-day management of the project.

Fire Protection Tests on Corner Effects (Sandia) -

A series of tests were conducted to test the effect of the presence
of walls and ceilings. The results of these tests showed that the
presence of walls and ceilings has an adverse effect, i.e., the

closer to the walls and ceilings, the faster a fire will propagate.
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IV. Analytical Tool Development, Assessment and Application

A. Model Developments (ANL, RPI, NWU, Lehigh, MIT) -

(1)

(1)

(ii1)

(iv)

(v)

A basic framework for a two-fluid model for flow in & bundle
was developed at ANL and incorporated in COBRA,

Phase separation and distribution data were obtained from "Y",
“Tee" and 2D channel geometries at RPI.

Steam condensation in parallel streams was tested at NWU, and
data were sent to LASL for use in K-FIT code.

Non-equilibrium superheat data were directly measured at
Lehigh for validating the existing correlation

Two-phase flow patterns in natural circulation (chimney effect)
in a model ot slab core were tested at MIT to support 20/3D

program.

B. Thermal-Hydraulic System Codes Released to Public (LASL and INEL) -

(1)

(i)

(iii)

TRAC-PIA by LASL - Advanced, detailed, best-estimate analysis
of PWR LOCA and other transient/accidents.

BEACON-MOD 2A by INEL - Best-estimate analysis of inter-
compartment loads in PWR containment, during LOCA.

K-FIX by LASL - PWR core barrel loads and stresses during LOCA.

C. LOCA Codes Comnleted for Checkout (INEL and PNL) -

(1)

(i)

RELAP-4/10D 7-User-convenient code for simplified best-estimate
analyses of PWR LOCA and BWR hlowdown.

COBRA-TRAC Link - This 1irk is developed at PNL fc. evaluating
LOCA in a PWR with upper heat injection,.
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P, Non-NRC Codes Acquired and Installed at BNL -

(1) RAMONA-III - This code was acquired from Norway for calculating
BWR transient, This code has 3-D neutron kinetics.

(i1i) RETRAN - This code was acquired from EPRI for calculating PWR
transients,

E. Fuel Codes Released to Public -

(i) FRAPCON-1 - Steady-state fuel-rod code from INEL and PNL.
(i1) FRAP-T4 - Transient fuel-rod code from INEL.

F. FRAP-TS - Transient fuel-rod code completed and being assessed at INEL.

Accident Consequence Evaluation and Mitigation

A. RIA Tests on Irradiated Fuel at PBF (INEL) -

PBF tests simulating reactivity insertion accidents identified two
new fuel mechanisms: In fuel rods preirradiated to 5GWD/T, rapid
power increases showed pellet/cladding interaction (PCI) type
benavior which could lead to fission product release after rapid
energy deposition of 130-170 cal/gm radial average rod enthalpy;
and fuel swelling behavior which could lead to post-accident coolant
channel blockage at about 270-310 cal/gm radial average rod enthalpy.
B. LOCA iest on Irradiated Fuel at PBF (INEL) -

A nuclear heated LOCA blowdown test (LOC-3) of pressurized fresh and
pre-irradiated fuel rods (15 GWD/T) gave peak circumferential expansion

range from 20% to 45% (still coolable) for indicated PCTs of 1700-1790°F,
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C. Fission Product Release From LWR Fuel (ORNL) -

Fission product release was measured from fuel rod segments with
high burnup inductively heated to between 1200°C and 1600°C in a
flowing steam environment. The results indicate that above 1350°C.
cesium and iodine release increases rapidly.

D. Steam Explosion Test Results (SANDIA) -

In a series of 48 steam explosion experiments at SANDIA where from
1 to 27 Kg of oxidic melts were poured into an open tank of water,

the maximum observed thremal-to-mechanicai energy conversion effiéiency

efficiency is 30%.

E. Molter Fuel/Concrete Interaction Measurement and Code Corporation (SANDIA) -

To measure the interaction between molten fuei and concrete, a new

was less than 1.5%, while the maximur thecretical energy conversion
technigque was developed by analyzing the elemental compusition of the ‘

released aerosols using spark mass spectroscopy. The accumulated

interaction data were incorporated in the CORCON code,

1600 035




SPECIFIC DAMPING CAPACITY-A-W! (x107%)
§ o) >
8§ 88 8 8

3

b Zamee Smess e aosaas aons samae o

g 8

o

- T

ACTUAL DATA

CONFIDENCE LIMIT

e ACTUAL DATA
MEAN OF BASELINE DATA

=== CONFIDENCE LIMIT (995%
IGSCC; POINT WHERE DATA EXCEEDS

STATISTICAL CONFIDENCE
LIMIT AND 1FD- NDE
PREDICTS INCIPIENT
CRACK ING

9¢0 0091

SPECIFIC DAMPING CAPACITY VERSUS LOAD CYCLES FOR IGSCC PIPE #2




STATUS IN THE UNDERSTANDING OF TMI
W. V. JOHNSTON
NRC/SIG

INTRODUCTION

As many of you are aware, there are a number of major investigations of the
Three Mile Island accident underway. These include the Office of Inspection
and Enforcement of the NRC, EPRI, the President's Commission, both houses of
Congress, and the Independent Investigation by the NRC.

Both the Nuclear Safety Analysis Center of EPRI and NRC Inspection and Enforcement
have published reports containing considerable detail on the sequence of
events and radiological aspects, operator actions and the operation, good and
bad, of many of the components of the plant. These reports are available as
NSAC 1 & 2 and NUREG-0600, respectively. The President's Commission and the
NRC are taking a broader look, which include assessment of the utility, and
NRC responses to the accident, NRC prior licensing and enforcement practices,
and emergency preparedness. Neither group has issued its report as of this
writing, howev.'r, the President's Commission is due to report very shortly,
and if availahle will be added to this presentation. The Commission sponsored
Investigation is not due to report until the end of the year.

The NRC independent investigation, of which I am a part, was organized last
May and is being conducted under a contract between the Commission and the law
firm of Rogaven, Stern, and Huge. The persornel for the Special Investigation
Group consist of lawyers, paralegals, and special consultants retained by the
law firm and about 45 NRC staff on special detail to this investigation. We
are organized into seven task forces which cover the above mentionea areas.
Each task force is monitored by a peer review group which include persons for
and against nuclear energy.

As the Task Leader of the group studying the phvsical aspects of the accident,
[ am leading an effort to determine and assess the actions of the plant and
operating personnel from the time shortly before the beginning of the accident,
on March 27, 1979, through to the disapperances of the bubble on April 2,

1979. We are also concerned with the design of the control room and the
consequences of alternative courses of action by the operators. Because the
Special Investigation Group has not completed its study and prepared its
recommendations, I am not at liberty to draw conclusions during this talk. I
will, however, present some of the information and facts which we have developed.
Of most interest to this t~chnical audience is probably the sequence of events
and its implication to core damage and the release of radioactivity.

There are very few differences between the sequence of events which have been
developed by the NSAC, I&E, and ourselves. Similar information has been
available to all the investii’irs in the form of reactimeter plots, strip
charts, alarm and utility couputer printouts and log books, and interviews.
In our sequence of events there will be a column listing what inforr “ion was
available to the operators in real time so that a more objective eva’® _ation of
their responses and data needs can be made. A simplified chronology of the
accident is shown in Table 1. This may be used in conjunction with the pressure
and pressurizer level changes in Figure 1.
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ACCIDENT NARRATIVE
Initial Period

The a.c?* - as initiated by a trip of the main feedwater pumps for the steam
genarate. ., pr _ bly the result of actions to clear a blockage of resins in
*"¢ deminer-’.ze. tank. The turbine tripped almost simultaneously. The
r aztor continued to operate in accordance with the protection system design,
sys*~ ‘temperature, and pressure increase. The electromagnetic operated valve
..) opened at 2255 psi, and the pressure rise continued until at 8 seconds
tie reactor tripped when the high system pressure trip setpoint was reached at
2355 psi. Reactor trip is normally followed by a pressure and temperature
drop resulting in a coolant contraction and a drop of pressurizer level. The
operators followed the normal procedures to counteract this drop of pressurizer
level by closing off the letdown flow and turning on an additional makeup
pump. At approximately 1 minute after the start of the accident, the pres-
surizer Tevels stopped decreasino and began to rise. Unknown to the operators,
the EMOV did not close when its closure setpoint was reached. This failure
was not realized by the plant operators for more than 2 hours. The pressurizer
level continued to rise until it went off the scale at about 6 minutes. To
slow the "evel and to avoid this "going solid," operator actions include
increasing letdown flow to the maximum extent possible, and throttling the
high pressure injection which automatically initiated at 1600 psi at 2 minutes.
At this time the RCS temperature was increasing. This increase would also
contribute to a mild pressure increase since saturation conditions now existed
in the lToops. The pressure rise was short lived, however, and the pressure
resumed its drop reaching about 100 psi by 20 minutes. The emergency feed-
water pumps had come on, as programmed, but flow to the steam generators had
not begun when the secondary side water levei had dropped to 30 inches at
about 30 seconds because the block valves on the emergency feedwater headers
were closed. This condition was discovered at about 8 minutes by an operator
from Unit 1, who had been called over. Upon opening the block valves, a rapid
cooldown of the reactor ccolant system (RCS) and correspording RCS pressure
decrease occurred.

At about 14 minutes, the rupture disc burst on the reactor coolant drain tank
discharging water and steam into the reactor building. The temperature,
pressure, and level alarms on this tank went unnoticed by the operators,
because of the multiplicity of alarms actuated at that time and their location
in a back pane! out of sight of the operators.

Reactor Coolant Fumps Secured

Reactor coolant inventory loss continued with the RCS under saturation conditions.
As the fraction of the ACRS volume which was vapor increased, the reactor

coolant pumps (RCP) began to vibrate. The B loop pumps were shut off at 73
minutes, and the A loop pumps were secured at 101 minutes with the expection that
natural circulation would occur. It has been estimated that nearly two-thirds

of the reactor coolant had been lost, and that when the pumps were shut off

the coolant level equalized to about a foot above the top of the core. Up to
this time, the core has not been damaged, and the accident could still have

been averted by the closing of the block valve to the EMOV and increasing the
high pressure injection flow.



Temperature Transient

The temperature transient, which damaged the fuel, now began with the boildown
of the coolant. The decay heat had reduced to about 1% of full power, bDut was
~ufficient to cause the coolant level to drop at a rate of 1 foot every 4-5
minutes. The pressure also continued to drop, reaching a Tow point of 660 psi
at 2 hours and 19 minutes, when the leaking EMOV was diagnosed and the protec-
tive block valve closed.

At approximately 2-1/2 hours into the accident, substantial fractions of the
core were uncovered and had experienced sustained high temperatures. This
condition would be expected to result in fuel damage, substantial releases of
core fission products, and hydrogen generation. The magnitude of these condi-
tions were nnt recognized by the TMI staff. At about this time, the radiation
alarms in various parts of the reactor containment building (RB) began to show
rapidly increasing radiation levels and a site emergency was declared at 2
hours and 55 minutes. Following the declaration of the site emergency and
then general emergency, the operating staff recoynized that fuel damage had
occurred and presumed that the radiation was due to gap release from perforated
cladding, but did not really consider that the core had been uncovered to the
extent that much hydrogen had been produced. It was fully recognized that
there was superheated steam in the hnt legs, that natural circulation was not
working, and that their objective was to condense the steam so that a pump
could be started.

Attempt to Collapse the Yoias

Unsuccessful efforts to collapse the voids continued for approximately 4-1/2
hours at a pressure between 1200 and 2000 psi. During this period, two
attempts were made to run a reactor coolant pump, but the effort had to be
abandoned after a short time because no fluid was being moved.

During the final portions of this period (6-7-1/2 hours after the start of the
accident) a feed and bleed procedure was being utilized with venting of the
pressurizer via the block valve. Although rewetting of the hot legs was not
successful, it probably inadvertently facilitated the removal of noncondensibles
including hydrogen and xenon from the system. In a change of strategy, the
decision was made to reduce system pressure and float the core flood tanks on
the reactor coolant system as an assurance cf core coverage. This depressur-
ization was accomplished in approximately 1 hour using the EMOV and was held

for another 5 hours.

Containment Pressure Spire

The ex*ended period of low pressure appears to have facilitated further release
of hydrogen from the RCS to the reactor building. Some of this gas ignited at
about 10 hours and produced a 28 psi pressure spike in the reactor building
initiating containment spray. Although the pressure spike was interpreted by

the operators later on as a combustion, it apparently was not attributed to
hydrogen unti: two days later. It is possible that the release of this noncon-
densible gas from the RCS contributed to the later apparent success in collapsing

the voids in the A loop.
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Repressurization

Beginning at about 10-1/2 hours, the operators received permission to attempt
to form a bubble in the pressurizer using the pressurizer heater. This was
accomplished successfully, and for the first time in many hours the A loop hot
and cold leg temperatures come on scale and indicated possible natural circu-
lation. The operator has reported that a large amount of water (as much as
20,000 gallons) was added, at this time, to regain pressurizer level. Following
some additional venting the pressurizer was again heated. Evidence of a
favorable response in the A loop was again developing when the order to repres-
surize the system to above 2200 psi to collapse the bubbles was given. Follow-
ing repressurization (during which an additional 30,000 gallons were removed
from the borated water storage tank) a reactor coolant pump was successfully
started, the loop temperatures dropped to saturation, the system pressure
dr?pped rapidly, and stable heat transfer conditions were obtained at 1000

psi.

The Hydrogen Bubble

There still remained a noncondensible bubble in the system, which until removed
threatened to enlarge and once again interrupt heat removal if the pressure
were lowere~ to allow operation of the residual heat removal system. The
noncondensible bubble was gradually removed from the RCS, over the next 4
days, by spraying into the pressurizer and venting the gas release to the
reactor building and via the letdown line to the makeup tank where the gas was
vented to the waste gas compressor. In spite of rising concern at the time,
later evaluations of the data taken have shown that the bubble volume was
always decreasing. Final agreement has not been reached on the composition of
the bubble (was it only hydrogen) and whether radiolytic oxygen could have
been produced.

Core Damage

As to the time and extent of core damage, there is substantial agreement that
the temperature transient, beginning after the reactor coolant pumps were
tripped, caused the initial fission product release and metal water reaction
resulting in a very brittle upper half of the core. Furthermore, there are
strong indications that thermal shocks or some other event at about 3 hours
and 45 minutes caused a substantial change of geometry of the core, possibly
forming what has been called a rubble bed in the upper portions of the core.
There remains some uncertainty of the highest temperatures reached during this
period and whether or not there was some additional periods of core uncovery
during the first 12 hours.
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About 4 a.m.
(t+0)

te3-6 sec.
t={vec.
t=1J sec.

tel5 sec.

t=] min,

t=l ain

t+2 min.

t*6 min,

t*5 min,

t=7 min.,
30 sec.

t=8 min,

t*8 min.,
18 sec.

EveNT

Loss of condensate pump; loss of
feedwater; turbine trip

Electromatic relief valve opens
(2255 psi) to relieve pressure in
RCS (reactor cooling system)

Reactor trip on high RCS pressure (2355 psi)

RCS pressure decays to 2205 pst
(relief valve should have closed)

RCS hot leg temperature peaks at
611%F, 2147 psi (450 psi over
saturation) Pressurizer peaks,
then begins to drop.

A1l three auxiliary feedwater

pumps running at pressure (pumps

2A and 28 started at turbine trip);
no flow was injected since discharge
valves were closed

Pressurizer level indication begins
to rise rapidly

Steam Genmerators 'A' and '8' secondary
level very low - drying out over next
couple of minutes

ECCS initiation (high-pressure
injection) at 1600 »<i

Pressurizer level off scale (high);
one HP1 pump manually tripped

at adout & min 30 sec. Second
pump tripped at~10 min. 30 sec.

RCS flashes as pressure bottoms
out at 1350 psig (hoteleg temper-
ature of 584°F) RCOT pressure rise.

Reactor bullding sump pump
comes on

Auxiliary feedwater flow is infti-
ated by opening closed valves.

Sceam Generator 'B' pressure
reaches minimum

TABLE 1

SIMPLIFIED TMI-2 CHRONOLOGY

Time

t*8 min.,
21 sec.
t=10 min.
te11-12 min.

t=15 min.

te16-60 min.

tel br.

tel hr,
13 min.

tel br.,
41 min.

tel 3/4 -
2 hrs.

t2.3 hrs.

t=3.0 hrs.,

t+3.2 hrs.

t+3.3 hrs.,

t23.9 hrs,
t=5 hrs.

te5-6 hrs.

EVENT
—_

Steam Generator 'A' pressure
starts to recover

Pressurizer level indication comes
back on scale and decreases

Makeup pump (ECCS WPI flow)
restarted by operators

RC drain/quench tank rupture

disk blows at 190 ps.g (setpoint
200 psig) due to continued dis-
charge of electromatic relief valve

System paraneters stabilized in
satyrated condition at about 1015
psig and about SS0°F

Steaming to atmospheric dump
Operator trips RS pumps in Loop
l..

Orutor trips RS pumps in Loop

Core begins heatup transient
-Hot-leg temperature begins to
rise to 620” F {(off s-ale within
14 minutes) and cold-leg temper-
ature drops.

Eletromatic relfef v lve isolated
by operator after Steim Generator
‘B' 1s 1solated to ~ravent leakage

Start Reactor coolant pump -
no blow

RCS pressure increates to 2150
psi and electromatic relief valve
1s opened.

ECS actuation, Pressurizer level
drops, hot leg temp. decrease
possible core geometry change
ECS actuation

Peak containment pressure of 4.5
psig (EMOY venting)

RCS pressure increases from 1250
psi to 2100 pst

TINE
te6-7.5 hrs.
te7.5 hrs.

t€ 9 hrs.

t=9-13
t=10 hrs.

tell hrs.
t=13.5 hrs,

te13.14.8 hrs.
t=15.6

t=15.9 hrs.

Thereafter

Now (4/4)

Operator opens electromatic relief valve
to depressurize RCS to attempt initfation
of RHR (resicual heat removal) at 400 psi

RCS pressure decreases to adout 500 pai;
core flood tanks partially discharge.

Atmospheric dump closed on orders

28 psig containment pressure spike;
containment sprays initiated and
stopped after 500 gal. of NaOW
injected [about 2 minutes of
operation

Condenser back in operation

Electronic relief valve closed
to repressurize RCS, collapse voids,
and start RC purp

RCS pressure increass from 650
psi to 2300 pst

Bump RCP

RC pump in Loop "A' started, hot-leg
tetperatyre decreases to 553°F, and
cold-leg temperature increases to 300°F,
indicating flow througy steam generator.

Steam GCenerator ‘A' s . esving to
condenser; condenser ‘aluum re-
estzbifished; RCS cooled at adout
ZEY°F, 1C00 psi renoving W via
letdown and vent.

Figh radiation ir containment;
all core thernocouples less than
460" F; using pressurizer vent
valve with small makeup “low;
slow cooldown; reactor building
pressure negative, no bubble.




RADIOLOGICAL ASPECTS OF THE
TMI ACCIDENT

A discussion of the radiological aspects of the TMI accident including:
* release pathways (gaseous and 1iquid);
* source terms for radioactive materials released; and

* off-site population dose assessments.

Release of Liquids

The c»ly significant release of radioactive 1iquid occurred through the
industrial waste treatment system (IWTS). This system does not normally
process radioactive fluids, and there are no instalied radiation monitors.
The effluent from the syscem, after dilution, is sampled continually prior
to discharge into the Susquehanna River.

Sampling the steam generators after the accident resulted in radioactive
liquid being flushed to the contaminated drains tank in the control and
service building (as designed). This tank overflowed to the sump in the
control and service building, which pumps to the IWTS. The other source
of 1iqui4 radioactive materials is the turbine sump, with a primary-to-
secondary leak in steam generators.

Through midnight on Friday, March 30, 265,000 gallons were released via

the IKTS from the time of initiation of the accident. It is estimated

that approximately 73 millicuries of I1-131 were released through this path-
way.

Release of Gases

A1l releases of gaseous radicactive material from TMI appear to be through

the vent stack. The gaseous effluents from the auxiliary and fuel handlina
buildings, and the releases from the waste gas system all are released through
the stack.

Radioactive material entered the auxiliary and fuel handling building air fil-
tration systems via direct gaseous leakage to these buildings, and via »ffgases
from radioactive 1iquid on the floor of the various levels of the auxiliary
building.
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RADIOLOGICAL ASPECTS OF

THE TMI ACCIDENT . &in

Radioactive 1iquid appeared in the auxiliary building via (1) ove-flow of
auxiliary building sump when it was pumped from the reactor building sump;
(2) leaks in the letdown line (makeup and purification system); and (3)
leakage from the river water pumps. This added the bulk of the nonradio-
active liquid.

Although the presence of radioactive liquid throughout the auxiliary building
compounded the contamination problem, the majority of the gaseous activity
resulted from leaking gaseous components. The auxiliary building sump tank
rupture disc had failed prior to March 28, and gases would be directly released
to the building. The Waste Gas Compressor B leaked. The makeup tank removed
ases from the letdown (primary coolant) and is vented to the vent header
?which leaks) and then to the Waste Gas System (including the compressors).
Due to the degassing of the primary coolant, the makeup tank was vented a
number of times, resulting in high activity inside the auxiliary building.

The auxiliary and fuel handlina buildina filtration systems prevented the

bulk of the radioiodine from escaping. These units contained HEPA filters for
particulate removal. Testing of the carbon inplace at the time of the acci-
dent showed removal efficiencies of 50 to 70 percent, but carbon installed

in mid-April to replace the carbon used during the accident is 80 to 96 per-
cent efficient, even after three morths continual operation.

A 4-train supplementary air filtration system was installed on the roof of

the auxiliary building to remove additional radioiodines. The stack was capped
in late May, thus all ventilation and processed gas from the auxiliary and

fuel handling buildings is directed through this filter. These carbon filters,
after 60 to 90 days continuation ceration, were still 87 to 97 percent effic-

jent in removing radioiodine.

Gaseous radioactive material was released to the envirgnment during the course
of the accident. The licensee has ca]cu]ited 1.0 X 10%curies noble gas (Xe-133)
released. The NRC has estimated 1.3 X 10 curies of Xenon -133 reieased. Radio-
jodine releases have been estimated to be approximately 15 curies.

0ff-Site Population Dose Assessments

Several analyses have been or are being conducted of the off-site population
dose as a result of the TMI-2 accident. The initial analyses based upon the
TLD's that were in place around the site at the time of the accident and the
subsequent NRC dosimeters was performed by the Ad-Hoc Population Mose Assess-
ment Group. The most likely population dose was determined to be 3300 person-
rem. The DOE (BNL) also estimated the collective population dose using the

data obtained from aerial piume surveys. Their estimate was 2200 person-rem:
however, a calibration check of their instrument showed that they were probably
high in their estimate by a factor of 3 to 10.* A review conducted for the AIF
by Roessler et al did not reassess the population dcse estimate but agreed with

*Ins*ruments overresponded bv thie factor Xe-133. Again, the gas mixture is

important.
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RADIOLOGICAL ASPECTS OF

THE TMI ACCIDENT iy

the health impast assessment of the Ad-Hoc Group, on their population dose.
Woodard of Pickard, Lowe and Garrick estimated the population dose to be 3500
person-rem based on the meteorological dispersion models.

Independent analyses of the collective population dose have been performed by
the Health Physics and Nosimetry Task Group of the President's Commission. Their
analysis will be reported if available.

EPRI is also performing two population dose assessments using the services of an
outside contractor organization. EPRI results will also be reported if available.
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November 5, 1979 Morning Session, Red Auditorium
A. Overview of the LOFT Program

B. Planning for Small Rreaks and other Future Tests

By G. D. McPherson, LOFT Program Manager

I would like to introduce this overview of the LOFT Program with a reminder
of the program objectives.

The primary objective of the program is to provide experimental data from
a nuclear reactor scaled to simulate a PWR, for the purpose of developing
and assessing LOCA and transient codes.

To achieve this objective LOFT was designed to conserve one central concept: for
the PWR accident being simulated the sequence and duration of thermal-hydraulic
phenomena should be replicated. This was accomplished by matching fairly closely:

the power/coolant volume ratio,

relative voiumes of the primary coolant system components,
power density,

pressures and temperatures.

As a result, flow velocities, flow regimes, system depressurization

and heat transfer regimes which occur in L.OFT during the course of a simulated
accident are approximately the same as those in the PWR. Indeed the thermal-
hydraulic codes being assessed for LOCAs and transients do predict this

to be the case. It follows that the accuracy with which these codes predict
LOFT behavior is, in general, a good indication of the accuracy with which
they predict the commercial PWR behavior.

Of importance, therefore is the agreement between the data and the predictions,
and this will be addressed in the succeeding presentation.
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"he secondary objective of the LOFT program is to determine if there exist any
significant, unexpected phenomena associated with any stage of a LOCA or
transient. While no new phenomena have been identified, it is fair to say
that the magnitude and importance of certain phenomena were not predicted
accurately, and that the LOFT data have served to point up predictive
inadequacies and to improve predictive capabilities. To some extent I believe
this situation arose because best-estimate codes were developed from
conservative evaluation nodel codes and consequently preserve some elements

of their conversativism. In any event, the following presentation will also
focus cn phenomena which were not predicted well and our current understandiny
of these phenomena.

In addition to the first two nuclear large break simulations carried out

this past year, the LOFT program has accomplished a first in the field of
instrument calibration: a full-size LOFT pipe flow-instrument spool piece

has been calibrated in actual blowdown conditions in a test facility replicating
the LOFT vessel and piping geometry. The results of these tests, performed at
the Wyle Laboratories, in Norco California, under the direction of EG&G personnel
will be described briefly later in this session. Together with the full-sized
steady-state two-phase flow calibration to be done during the coming year, this
will provide a more solid foundation on which to quantify the accuracy of the
LOFT data.

In other years I would normally proceed to list the accomplishments exnected

in the upcoming year; but this year is different. For, while the program in
place, up until March 28 of this year, showed a continuation of the large break
power ascension series through 1980, the Three Mile Island accident altered
this plan and we have brought forvard the small break series. In fact the
small break tests have already bee initiated in LOFT.

However, before we proceed witn thay psrt of the story, let us first hear
the results of the large break tests and I will return later to report on
the small break program. To present the L2-2 and L2-3 results I will first call

on Dr. John Linebarger who works in the LOFT Experimental Program Division of EG&G.
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In my introduction, I referred to a rearrangement in our test plan so as to bring
forward the small break tests. In fact the first small break was done in LOFT

on May 31, 1979. This was a zero-powered test initiated at full temperature and
pressure, and it involved a depressurization from the pressurizer relief valve.
The data from this test has assisted in the planning of the small breaks

shown in the revised test sequence in Figure 1.

The small break, L3, series covers the cases of cold leg break flows greater than,
equal to, and less than the high pressure safety injection flow, a stuck-open
pressurizer relief valve and, in L3-5 and L3-6, it addresses the problem of when
the primary coolant pumps should be shut down during a suggested small break
accident. The procedures leading into L3-1 have already begun, and we expect

this test to be done 9 days from now.

Figure 1 also shows three operational transient tests (the L6 series) to be done

this year. Following the last of these, at the end of 1980, we plan to return to
the large break series and do the L2-5 test, which is a repeat of the L2-3 test,

but assumes a loss of offsite power. Consequently, the core is not predicted

to quench during the blowdown as it did in the L2-3 test.

Judging by experience, it could be meaningless to describe our test program
any further into the future. It is sufficient to say that we have retained
all the elements, including alternate ECC injection, hot leg breaks and

steam generator tube ruptures. As the results from this year's testing
become available we will decide the details of the future program. Meanwhile
I believe we have an ambitious program for the coming year which will provide
a very interesting report at next year's neeting.

1600 055



TABLE 1 LOFT FY 80 TEST SEQUENCE AND TARGET DATES

IEST TARGET DATE* POWER LEVEL (W) COMMENTS
L3-1 11-14-79 50 SMALL BREAK COLD LEG. BREAK FLOW GREATER THAN
HIGH PRESSURE SAFETY INJECTION FLOW,
L3-2 01-16-80 50 SMALL BREAK COLD LEG. HIGH PRESSURE SAFETY
INJECTION FLOW GREATER THAN BREAK FLOW,
L3-5 03-07-80 0 SMALL BREAK COLD LEG, PRIMARY COOLANT PUMPS OFF,
L3-6 03-21-80 0 SMALL BREAK COLD LEG, PRIMARY COOLANT PUMPS ON.
L6-1 05-09-80 37 OPERATIONAL TRANSIENT, LOSS OF STEAM LOAD.
L3-4 05-16-80 50 SMALL BREAK, PRESSURIZER RELIEF VALVE.
L6-2 07--01-80 37 OPERATIONAL TRANSIENT, LOSS OF PRIMARY COOLANT
FLOW,
L3-2 07-08-80 50 SMALL BREAK COLD LEG. HIGH PRESSURE SAFETY
INJECTION FLOW EQUAL TO BRE.,X FLOW.
g;;LB-S 09-15-80 37 OPERATIONAL TRANSIENT, EXCESSIVE LOAD INCREASE,
12-5 09-22-80 37 LARGE DOUBLE-ENDED COLD-LEG BREAK AS L2-3 But
— WITH LOSS OF OSFSITE POWER.
(& a
o~

*TARGET DATES ASSUME NO SIGNIFICANT PROBLEMS

e.¥
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ANALYSIS OF LOFT LOSS-OF-COOLANT EXPERIMENTS
L2-2, L2-3, AND L3-0

L. P. Leach
J. H. Linebarger

EG&G Idaho, Inc.
ABSTRACT

A summary of results from Loss-of-Coolant Experiments (LOCE) L2-2,
L2-3, and L3-0, conducted in the Loss-of-Fluid Test (LOFT) facility, and
conclusions from posttest analyses of the experimental data are pre-
sented. LOCEs L2-2 and L2-3 were nuclear large break experiments and were
dominated by a core-wide fuel rod cladding rewet, which limited the
maximum fuel temperature. Analytical models only conservatively predicted
the measured fuel rod temperatures and will require improvements to pro-
vide best estimate predictions in this area. Analysis of a large com-
mercial pressurized water reactor (PWR) indicates that the cladding rewet
observed in LOFT is also likely to occur in a large PWR, and that, there-
fore, safety analysis calculations of large loss-of-coolant accidents
(LOCA) are more conservative than previously thought. LOCE L3-0 was an
isothermal small break (top of pressurizer) experiment and illustrated
that the pressurizer fills after the primary system fluid saturates some-
place other than the pressurizer itself, that the indicated pressurizer
level is higher than the actual level, and that additional model develcp-
ment and assessment work is necessary in order to predict small LOCAs as
accurately as large LOCAs.

INTRODUCTION

This discussion describes LOCEs L2-2, L2-3, and L3-0, conducted in
the LOFT facility, and presents conclusions reached from analyses of these
experiments. LOCEs L2-2 and L2-3 were identical, except for core power
level, nuclear large break experiments. LOCE L3-0 was an isothermal small
break (top of pressurizer) experiment conducted with the same system and
core configuration as LOCEs L2-2 and L2-3. ,600 058
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LOCEs L2-2 and L2-3 are part of the LOFT Power Ascencion Test Series
(Test Series L2), which included six 200% double-ended cold leg break
experiments. LOCEs L2-1 through L2-4 were designed to be identical except
for step-wise increases in core power for each experiment. These experi-
ments were planned to provide data for comparison to evaluate the effect
of core power on system and core cooling behavior. LOCEs L2-5 and L2-6
were designed to provide data for parametric investigations of the effect
of loss of offsite power and prepressurized fuel. Prior to starting Test
Series L2, it was decided not to perform LOCE L2-1 because the low core
power of LOCE L2-1 was not expected to provide data of significant value
over that already obtained from the LOFT isothermal experiments and the
“lead rod" tests performed in the Power Burst Facility (PBF).

LOCEs L2-2 and LZ2-3 had the same specific objectives which were to:

1. Determine core-wide spatial variations of fuel rod
cladding thermal response

2. ldentify thermal-hydraulic phenomena and determine effects
of thermal-hydraulic phemomena on fuel rod cladding
thermal response

3. Determine emergency core cooling system (ECCS) performance
and core reflood characteristics

4. Determine the integrity of the fuel rod cladding

5. Determine principal variables of temperature, pressure,
density, mass flow, and mass inventory as functions of
time associated with the core, primary coolant system, and
emergency core coolant (ECC) sufficient for comparison
with and assessment of code predictions.

LOCE L2-2, performed December 9, 1978, and LOCE L2-3, performed May 12,
1979, met these objectives. ]600 059
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LOCE L3-0 was introduced into the LOFT Experimental Program after the
occurrence of the Three Mile Island (TMI) accident and the decision to
redirect LOFT to accelerate small break testing. Isothermal small break
LOCE L3-0 had the following objectives:

1. Provide data to assess the transient pressure, temper-
ature, and density for comparison with predictions from
the RELAP4/MOD6, RELAP4/MOD7, RELAPS, and TRAC-P1A small
break computer models

r Determine the break flow from the available pressurizer
pressure and level data

3. Deiermine if chugging occurs in the suppression tank
during the small break blowdown

4. Provide operator training in performing small break
experiments.

LOCE L3-0 was conducted on May 31, 1979, and met all of these objectives.

This discussion is divided into three major parts. The first part
(a) describes the behavior of LOCEs L2-2 and L2-3, (b) presents the most
significant results from posttest analyses of LOCEs L2-2 and L2-3 and from
comparisons of the experimental data with computer calculations, and
(c) presents results and implications of computer calculations on a
cosmercizl-size PWR with the came model used for LOFT. The second part of
the discussion describes LOCE L3-0 and presents results from posttest
analysis of the experimental data. Conclusions reached from the analyses
of LOCEs L2-2, L2-3, and L3-0 are presented as the final part of this
discussion.

LOCEs L2-2 AND L2-3

LOCEs L2-2 and L2-3 were 200% double-ended cold leg break experiments
with ECC‘jnjection into the intact loop cold leg. These experiments were

1600 060 LPL-3



identical except for the core power level and the resultant temperature
rise across the core. For this analysis, the data from LOCEs L2-2 and
L2 -3 were compared with data from nonnuclear isothermal LOCE L1-5 to

evaluate the effect of core power on system and emergency core cooling
behavior. LOCE L1-5 was identical to LOCEs L2-2 and L2-3 except that the
core was at zero power. LOCE L1-5 was used. in some cases, as a baseline
and, therefore, is included in the following discussion.

Description of LOCEs L2-2 and L2-3 Behavior

LOCEs L2-2, L2-3, and L1-5 were configured tc represent the complete
severance of one of the four reactor inlet pipes in a commercial-size
four-loop PWR with unobstructed discharge from both sides of the brezk.
Offsite power was assumed available in that the primary coolant pumps were
left running at nearly normal speed. ECC was injected from the accumu-
lator and the high-pressure and low-pressure injection systems (HPIS and
LPIS) to the intact loop cold leg. The ECC flow rates were adjusted to
represent complete loss of ECC injected to the broken loop and failure of
one HPIS and LPIS injection train.

The most important plant operating conditions at experiment initi-
ation for LOCEs L2-2, L2-3, and L1-5 are shown in Table 1. Main features
of the event sequences for the experiments are listed in Table 2.

The general behavior of the LOFT system during LOCEs L2-2, L2-3, and
L1-5 can best be related through consideratiorn of the pressure response of
the system shown in Figure 1. On the basis of the pressure response, the
exper iments may be described in several phases. The first phase, sub-
cooled blowdown, consists of the initial pressure reduction from initial
operating pressure to saturation pressure of the reactor outlet fluid.
This phase lasted about 50 ms in LOCEs L2-2 and L2-3 and about 80 ms in
LOCE L1-5, being shorter in the nuclear experiments due to the lower
initial pressure and higher reactor coolant outlet temperature (higher
saturation pressure). The subcooled blowdown period is of main interest
relative to the structural loading of the system and will not be discussed

further here. \600 06\
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TABLE 1. PLANT OPERATING CONDITIONS AT EXPERIMENT INITIATION

LOCE

Parameter .2-2

Primary system:
Pressure (MPa) 15.64
Temperature (K) 570
Mass flow (kg/s) 194.2
Boron (ppm) 838

ECC accumulator:
Pressure (MPa)
Temperature (K)
Boron (ppm)

Injected volume (m3)

Reactor core:

Power [MW(t)] 0 24.9 36.7
Average linear heat 0 10.9 16.0
generation rate (kW/m)

Maximum 1linear heat 0 26.37 39.4
generation rate (kW/m)

Coolant temperature 0 22.7 32.2
rise (K)

The second phase of the pressure response covers the time from initi-
ation of flashing of coolant in the reactor outlet pipes to the time of
flashing in the reactor inlet pipes. This time period (milliseconds) was
very short for LOCE L1-5, but longer and roughly the same for L2-2 and
L2-3 (~3.5 s) and quite important to the response of the core, as will be
seen subsequently. During this phase, the pressure in LOCE L2-3 was
slightly.higher than in LOCE L2-2 due to the higher initial temperature of
the reactor outlet fluid. This period may also be thought of as the time
of subcooled fluid discharge out of the broken loop inlet pipe.

1600 062
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TABLE 2.

CHRONOLOGY OF EVENTS OF NUCLEAR LOCEs L2-2 AND
L2-3 WITH NONNUCLEAR LOCE L1-5 COMPARATIVE VALUES

Time after Test Initiation

(s)
LOCE LOCE LOCE

Event L2-3 L2-2 L1-5
Test initiated 0 0 0
Subcooled blowdown ended? 0.06 0.07 0.1
Reactor scram signal received at control 0.103 0.085 0.087
room
Earliest departure of cladding temperature 0.96 1.0 25.6
from fluid saturation temperature
(Terad > Tsat)
Control rods completely inserted 1.683 1.725 1.85
Subcooled break flow endedP 3.0 3.8 0.1
Maximum cladding temperature attained 4.95 5.8 Steady state

value at
time 0

Earliest core-wide return of cladding tem- 8.5 8.0 48
perature to fluid saturation temperature
HPIS injection initiated 14 12 13
Pressurizer emptied 14 15 14
Accumulator injection initiated 16 18 19
LPIS injection initiated 29 29 34
Lower plenum filled with liquid 35 35 37
Saturated blowdown ended 40 44 47
Accumulator liguid flow ended 45 49 54 ‘ 600
Core volume reflooded 55 55 59

a. End of subcooled blowdown is defined as the occurrence of the first
phase transition in the system other than at the pipe break location.

b. End of subcooled break flow is defined as the completion of subcooled
fluid discharge from the break (hot and cold legs) in the broken loop.

LPL-6
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Figure 1. Pressure as a function of time for LOCEs L1-5, L2-2, and L2-3.
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During the final phase of the depressurization, saturated blowdown,
saturated fluid flowed out of both ends of the broken pipe. This phase

may be further subdivided to consider the period of break critical flow
discharge and break noncritical flow discharge. The later portions of the
saturated blowdown phase are very important because, during this time, ECC
was effective in reestablishing a stable thermal condition by cooling the
core.

During saturated blowdown, LOCE L2-3 depressurized slightly faster
than LOCE L2-2 due principally to a higher break discharge flow in the
second phase of the blowdown. Later, the depressurization portion of
LOCEs L2-2 and L2-3 were identical.

Analysis of LOCEs L2-2 and L2-3 Behavior

The parameter of most interest during the LOFT nuclear powered large
break LOCEs is the fuel rod cladding temperature. Figure 2 shows the
measured and predicted response of the fuel rod cladding temperature hot
spot during LOCE L2-2. The initial increase in cladding temperature was
predicted by the calculation; however, the large decrease, or core rewet,
measured during LOCE L2-2 was not predicted by the RELAP4/MOD62 cladding
temperature calculation.

The measured cladding temperature response of LOCE L2-3 was similar
to that observed in LOCE L2-2, as shown in Figures 3, 4, and 5. The fol-
lowing observed differences are attributable to core power,

1. The average time of initial departure from nucleate
boiling (DNB) was shorter for LOCE L2-3 than for LOCE
L2-2, 1.27 and 1.65 s, respectively

2.  The peak cladding temperature was higher for LOCE L2-3 1600 065
than for LOCE L2-2, 914 and 789 K, respectively.

a. The RELAP calculations used in the prediction of LOCEs L2-2 and L2-3
were performed with RELAP4/MOD6, Idaho National Engineering Labor-
atory Configuraticn Control Number HO01184B.

LPL-8
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The pattern of the final rewet, or reflood, in LOCE L2-3
was bottom, top, then middle; whereas, the rewet pattern
for LOCE L2-2 was bottom to top.

A revised prediction for LOCE L2-3,1 based on a computer model that
described the rewet of LOCE L2-2,2 did not predict the rewet observed in
LOCE L2-3.

The analysis effort to describe the cause of the disparity between
measured and predicted cladding temperature in LOFT LOCE L2-23 con-
sidered several pessible contributors as follows:

The thermocouples rewet, but the cladding did not
Differences between actual and planred initial conditions
The initial fuel rod stored energy

The heat transfer correlations in the analytical model

The hydraulic calculation.

Investigations into the possibility that the cladding did not rewet
concluded that, while additional data on the cladding thermocouple perfor-
mances are needed, the core did rewet during LOCE L2-2. This conclusion
was reached based on data taken in the LUFT nonnuclear isothermal LOCEs,
in PBF LOCA tests, from REBECCA tests, d2tailed thermal analysis, and
investigation of other LOFT data. For example, Figure 6 shows the
measured fluid temperature and the saturation temperature (determined from
pressure) above the LOFT core. The termination of the superheated steam
indication at 8 s corresponds to the cladding temperature rewet indi-
Gation. Additional testing is now being performed at KfK in Germany and
at the Idaho National Engineering Laboratory (INEL) to further evaluate
the effect of the thermocouples.
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The effect of actual initial conditions on the test was determined by
rerunning the prediction model with measured initia}l conditions. As shown
in Figure 7, changing the initial conditions in the calculation did not
provide a prediction of rewet.

The stored energy in the fuel rods was correlated to rod experimental
and calculated heat-up rates, at times durinc the transient when fluid
cooling effects were negligible. The correlation indicates that the
stored energy in the rods is properly calculated. The analysis is cur-
rently being refined to include significant parameter uncertainties.

The efiect of the heat transfer correlations was evaluated by running
analyses with both the specified and measured initial conditions and two
different film boiling correlations (new Groeneveld versus Condie-
Bengston). Figure 8 indicates that while a better estimate of the peak
cladding temperature was obtained with the Condie-Bengston correlation.
the rewet was still not predicted.

Evaluation of the system hydraulics indicated generally good compar-
ison between measured and predicted performance, with the exception of the
flow in the broken loop cold leg shown in Figure 9. The analytical model
for break flow consists of a subcooled discharge model, saturated dis-
charge model, transition quality at which the model changes from subcoo led
to saturated discharge, and discharge coefficients. Table 3 lists a
number of parametric evaluations of these variables. Figure 9 shows how
these changes affected break flow, with the last run labeled "Best PT"
(posttest) giving the best agreement,

The information in Figure 10 indicates that the changes in critical
flow choice diu » greatly affect early pressure response, but Figure 11
shows a significant chenge in core upflow. Figure 12 shows that the Best
PI case did predict a cladding rewet, whercas all the others did not.
(Note: Figure 12 is not a “cladding hot spot" prediction; therefore, it
shows low temperatures.) Thus, the failure to predict the rewet in LOCE
L2-2 was due mostly to the core hydraulic calculation. ]600 072
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TABLE 3. CRITICAL FLOW SENSITIVITIES

Multipliers

He ry-Fauske Homogeneous Equilibrium Transition

Run (Subcooled) (Saturated) Quality

Experiment 1.0 1.0 0.02
prediction

PT-AQ 1.0 0.848 0.02
PT-Ba 0.848 0.848 0.02

Best PTD 0.848 0.848 0.0025

a. PT-A and PT-B are posttest break flow sensitivity calculations.

b. Best PT is the posttest calculation which best predicted the LOCE L2-2
results,

The relatively abrupt transition between subcooled and saturated
discharge at the break was traced to the progression of hot fluid from the
core to the break, as shown in Figure 13. This type of behavior is
difficult to calculate with a discrete model of the system, but using a
very low value of transition quality allows for the abrupt transition even
though the transmission of the tempe. ature increase and consequent fluid
density decrease are damped by the discrete model.

The net result of the broken loop cold leg mass flow transition is to
enhance positive core flow and force fluid down the downcomer and into the
core. This can be seen in Figure 14, which compares the measured intact
and broken Toop cold leg mass flows for LOCE L2-2. The overlap between 4
and 6 s after rupture represents the fluid forced down the downcomer and
through t. e core. The data in Figure 15 indicate that the same phenomena
occurred in LOCE L2-3.

As previously mentioned, a reprediction of LOCE L2-3 was made with
the Best PT model that did predict the rewet for LOCE L2-2. Figure 16
shows the comparison between the original RELAP4/MOD6 prediction3
(RELAP A) and the revised model? (RELAP B). Although the revised model

1600 076 LPL-19
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did not predict rewet, the peak cladding temperature was better predicted.
Also, review of the system hydraulics compared with the revised prediction
showed excel!lent agreement. Figure 16 includes the cladding temperature
prediction made with TRAC-P1A. This prediction does not show the rewet
either. An alternate TRAC-P1A prediction with a revised rewet criteria,
however, did predict the rewet. Posttest analysis of LOCE L2-3 is con-
tinuing, but it now appears that additional work on the heat transfer
models is required in order to obtain best estimate calculations of
cladding temperature in large PWRs.

Relationship to a Large PWR

In order to evaluate the relationship of the LOFT results to large
commercial PWRs, a RELAP4/MOD6 analysis of a large PWR was made using the
same model options as applied in the LOFT LOCE L2-2 Best PT model and the
initial conditions for LOC: s L2-2 and L2-3. That is, the large PWR in
both cases was run at a power sufficient to reproduce the core fluid
temperature rise (core AT) forecast for LOCEs L2-? and L2-3.

Figures 17 and 18 are comparisons of the best estimate predictions for
the large PWR with the LOFT data for LOCEs L2-2 and L2-3, respectively.
The excellent agreement shown implies the following:

1. The LOFT system is a good model of expected large PWR
behavior (that is, scaling is accurate) during a large LOCA

2. The large PWR LOCA consequences are much less than
previously thought

3. The peak cladding temperatures that would occur in the
large PWR are probably less than occurred in LOFT, since
the LOFT prediction with the same mode! yieids higher
cladding temperatures.

This information has been transmitted to the licensing portion of the NRC
and is currently under evaluation.
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LOCE L3-0

LOCE L3-0 was conducted with the same system and core configuration
as LOCEs L2-2 and L2-3. Only minor instrumentation changes were made in
order to record data for a longer time. LOCE L3-0 was an isothermal
experiment with negligible nuclear decay heat power. The primary coolant
pumps were tripped at the initiation of the transient. No ECC was used in
LOCE L3-0. Initial conditions are given in Table 4. The experiment was
initiated by opening the power operated relief valve (PORV), rather than
the quick-opening blowdown valves. The experiment was terminated by
opening the quick-opening valves after the pressure had reduced below
normal accumulator pressure, and the LPIS was used to refill the system,
The sequence of events for LOCF L3-0 is given in Table 5.

TABLE 4. LOCE L3-0 INITIAL CONDITIONS

Measured
Parameter Value
Primary system mass flow (kg/s) 201
Pressurizer pressure (MPa) 14.7
Primary system fluid temperature (K) 557
Decay heat level (kW) 4.2
Steam generator pressure (MPa) 6.8

The data from LOCE L3-0 were not processed for 3 weeks following the
experiment in order to complete computer calculatiens of experiment per-
formance without the benefit of the experimental data. Since the flow
characteristics of the PORV were relatively uncertain, it was necessary to
use data from the early portion of the transient to determine a valve
coefficient for steam flow. The valve steam flow characteristics and
experiment initial conditions data were incorporated into the computer

1600 087
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TABLE 5. CHRONOLOGY OF EVENTS FOR LOCE L3-0

Time After LOCE Initiation
Event (s)

LOCE initiated 0
PSMG® power tripped 11
pcpb coastdown completed 15
Pressurizer reached minimum indication 48
Primary system reached saturation pressure 48
Pressurizer indicated full 73
Pressurizer returned to indicating range

Broken loop isolation valves opened

Quick -opening blowdown valves opened

End of saturation blowdown

LPIS initiated

a. PSMG - primary system motor generator,

b. PCP - primary coolant pump.

calculations performed with the RELAP4/M006°, RELAP4/MOD7b, RELAPSC,
and TRAC-PIAd computer codes. (Only 87 s of transient time were calcu-
lated with RELAP4/MOD7.)

The measured and calculated pressure response are shown in Figure 19,
While all of the computer models accurately calculated the steam depres-
surization phase, none of the models were accurate for the long-term

a. RELAP4/MOD6, Idaho National Engineering Laboratory Confiquration
Control Number HO07561B.

b.  RELAP4/MOD7, Idaho National Engineering Laboratory Configuration
Control Number H013382B.

RELAPSQ'Update Cycle 102, Idaho National Engineering Laboratory.

(g]
-

d.  TRAC-P1A, Los Alamos Scientific Laboratory. 1600 U88
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pressure response where saturated liquid and/or two-phase flow was passing
through the PORV. The valve characteristics in two-phase flow and/or
liquid discharge are unknown, so this result is not surprising.

Figure 20 exhibits the measured anc¢ predicted pressurizer liquid
level response. The data show the pressurizer rapidly filled after the
system pressure reached system saturation and remained full until 1400 s.
The indicated level shown was not compensated for fluid temperature and,
thus, does not 2ssure that the pressurizer was completely full for the
whole tine it was indicated full. In fact, correcting the indicated level
for temperature makes it almost match the RELAP4/MOD6 calculation. While
all the calculations showed the initial decrease and rapid increase in
pressurizer level, neither TRAC-P1A (not shown) nor RELAPS calculated a
full pressurizer; whereas, RELAP4/MOD6 and RELAP4/MOD7 calculations did.

The measured density in the intact loop hot leg near the top of the
pipe is shown in Figure 21. These data indicate stratified flow in the
pipe with steam at the top. The surge line, which connects the pres-
surizer to the intact loop hot leg, connects to the top of the hot leg
pipe. The LOFT surge line does not contain a loop seal; that is, the pipe
from the hot leg to the pressurizer first rises, is horizontal, and then
rises again. The pressurizer may have remained full after the time that
steam was known to exist in the intact loop hot leg. However, this con-
clusion cannot be confirmed with measured data from LOCE L3-0.

CONCLUSIONS

The main zonclusions reached from analysis of the LOFT LOCEs L2-2 and
L2-3 are as follows:

1. The behavior of LOCEs L2-2 and L2-3 was dominated by the
occurrence >f a core-wide early rewet of the fuel rod
cladding. This rewet occurred from a rereversal of core
flow caused by a critical flow transition at the broken
loop cold leg piping.

1600 090
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2.

Analytical model predictions of LOCEs L2-2 and L2-3
provided a good prediction of system hydraulics but did
not predict the core-wide rewet. The model “deficiencies"
identified as needing further work in order to improve the
best estimate predictive capability (the original models
are conservative) are as follows:

a. Critical flow in the transition region from s'bcooled
discharge to saturated discharge

b. Wave transport of density variations, particularly as
they affect discharge flow and rewet

C. High pressure (=6 MPa), low quality (0.1 to 0.3), low
flow film boiling, and rewet heat transfer.

Analysis of a commercial PWR with the models that best
predict LOFT behavior indicate the same expected response
as observed in LOFT which means that LOFT is scaled cor-
rectly to represent commercial PWR behavior. Therefore,
commercial PWRs are likely to experience the same cladding
rewet in the event of a large LOCA which implies there is
significantly more conservatism in the reactor safety
analysis requirements of 10 CFR 50.46, Appendix K than
previously envisioned.

The main conclusions reached to date from analysis of LOCE L3-0 are as

follows:

1.

During a LOCA caused by a break at the top of the pres-
surizer, for example, a PORV stuck open, the pressurizer
starts tilling when the primary system fluic saturates
someplace other than the pressurizer itself, The pres-
surizer fills and may remain full even though steam exists
in the hot leg piping and there is no loop seal in the

pressurizer surge line. \ ]600 093
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2. The pressurizer level indication indicates a higher level
than occurs in the pressurizer, as the indicated level
is not compensated for fluid temperature.

3.  The RELAP4/MOD6 model of LUCE L3-0 small break predicted
the trends of the observed behavior, but more testing and
modeling experience are needed to make the predictive
capability for the small break as good as for the large
break.
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LOCE s Completed Since
October 1978

Designation Type Date
L2-2 Nuclear, 200% DECL Dec. 9, 1978
L2-3 Nuclear, 200% DECL May 12, 1979
L3-0 Isothermal, Smail Break, May 31, 1979
PORV
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L2-2/L2-3 Initial Conditions

LOCE L2-2 LOCE L2-3

MLHGR (kW/m) 26.4 39.4
Power (MW) 24.9 36.7
Mass flow (kg/s) 194.2 199.8

AT (K) 22.7 32.2 J
P (MPa) 15.64 15.06
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L2-3 Replica of L2-2

e Blowdown dominated

e Core thermal response tightly coupled to
hydraulics

e Same event sequence
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P01l 0091

L2-2/L2-3 Cladding Temperature
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L2-3 Cold Leg Mass Flows
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L2-3 Cladding Temperature vs

SPND Output
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Conclusions

L2-2/L2-3 Results:

* LOCES - blowdown dominated and self-
limiting.

® During blowdown — thermal tightly
coupled to hydraulics

® During blowdown — phenomena relative
magnitudes/timing consistent with initial
power/core AT.
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Conclusions /v ont’d)

1.2-2/L2-3 results: (ceni o)

e ECC fluid ¢ livanry not significantly
different *+:m i.1-5

¢ Corr. 12w« tting during Li-5 and 1.2-2

vii ually identical. However transient time
icrsased 22% during L2-3

« Best-estimate calculatienis conservative
and developmental areas are known

INEL-S-21 852



0091

1]

Mass flow (kg/s)
AT (K)

Power (MW)
MLHGR (kW/m)
Tc (K)

P (MPa)

L2-2 ZION
194.20 18395
22.70 23.90
24.88 2296.60
26.40 25.60
557.70 549.80
15.64 15.42

Initial Conditions

L2-3 ZION
199.80 18395
32.20 35.80
36.70 3540.0
39.40 39.40
560.70 549.80
15.06 15.43
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Comparison Criteria

LOCE results

e |nitial conditions

Difference in scale
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Conclusions (cont’d)

Blowdown prototypic study:

811 0091

For the tests to run to date the LOFT
results, relative to a commercial
pressurizer water reactor, conservatively
scale the dominant hydraulic phenomena
during blowdown resulting in a realistic, if
not conservative, indication of fuel
cladding temperatures.
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L.3-0 Initial Conditions

P (MPa) 14.74 = 0.07
Mass fiow (kg/s) 201.0 = 6.3
TH (K) 556.7 + 3.0
559.7 + 3.0

Tc (K)
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L3-0 Transient Conditions
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Liquid level (m)
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Conclusions (cont’d)

L3-0 test results:
* Pressurizer filled after vapor generated

elsewhere in system

* Pressurizer fluid did not return to
operational level

* Pressurizer indicated level
uncompensated for fluid temperature

-indicated high

e Calculations predicted data trends but
experience needed to upgrade capability
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Summary Conclusions

Large break LOCEs self-limiting

Self-limiting mechanisms understood

Large break cladding temperatures are
prototypic

Large break calculations conservative -~
developmental areas known

Data for small break code development

Smali break code development not as
advanced as large breaks
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RESULTS OF THE PBF/LOFT LEAD

POOR ORIGINAL ™™™

D. J. Varacalle, Jr.
EG&G Idaho, Inc.

The PBF/LOFT Lead Rod (PBF/LLR) Test Series consisted of four sequentia
nuclear blowdown experiments (Tests LLR-3, LLR-5, LLR-4, and LLR-4A). The
primary objective of the test series was to evaluate the extent of mechanical
deformation that would be expected to occur to low pressure (0.1 WPa) light
water reactor design fuel rods subjected to a series of nuclear blowdown
tests, and to determine if subjecting deformed fuel rods to subsequent testing
would result in rod failure. The results of the PBF/LLR tests have direct
application to evaiuating the extent of fuel rod deformation that would be
expected to occur during the LOFT L2 Power Ascension Test ﬁeriesl, and the
consequences of continued operation of the LOFT core with deformed fuel rods.

The extent of mechanical deformation (buckling, collapse, or waisting of
the cladding) was evaluated by comparison of cladding temperature versus
system pressure response with out-of-pile experimental data (Olsenz) and by
posttest visual examinations and cladding diametral measurements.

Tests LLR-3, LLR-5, LLR-4, and LLR-4A were performed at system conditions
of 595 K coolant inlet temperature, 15.5 MPa system pressure, and 41, 46, 57,
and 56 kW/m test rod peak linear powers respectively, at initiation of
blowdown. Mechanical deformation of the cladding was expected to occur during
the early part of the Llowdowns when cladding temperatures ware mear their
maximum values and system pressure was still relatively high. During this
time, the system thermal-hydraulic response was similar for all the PBF/LLR

tests since the initial conditions at the time of blowdown (except rod power)
were essentially the same.

Test LLR-3 was performed with four, fresh, separately shrouded LOFT
design fuel rods which reached peak measured cladding temperatures from 870 to
1005 K. One rod was determined to have failed during the blowdown transient,
apparently due to water-logging that resulted in subsequent ballooning and
rupture. On the basis of measured temperatures no mechanical deformation is

1600 128

expected to have occurred to the other three fuel rods.



Two rods were replaced for Test LLR-5, and peak measured cladding
temperatures ranged from 995 to 1015 K. It is possible that the cladding
could have experienced some two-point buckling cduring this test,

Test LLR-4 was the first test of the series during which post-irradiation
examination confirmed that cladding surface temperatures were sufficiently
high (ranging from measured values of 1060 to 1170 K) to result in significant
cladding deformation. One rod was removed following the test and visual
examination revealed that the rod had indeed reached the waisting regime of
mechanical deformation.

The final test, Test LLR-4A, was performed to investigate the effects of
successive preconditioning cycles and LOCA transients on deformed fuel rods.
Peak measured cladding temperatures ranged from 1075 to 1260 K for this test.
None of the previously deformed fuel rods failed during Test LLR-4A, and
visual examination of the rods after the test revealed that all four rods had
reached the waisting regime of mechanical deformation.

In summary, the PBF/LLR Test Series fuel rods experienced the maximum
mechanical deformation that would be expected to occur to the LOFT fuel rods
during the LOFT L2 Power Ascension Test Series. The program demonstrated that
deformed, low pressure, light water reactor design fuel rods, and specifically
LOFT design fuel rods, will be able to withstand successive LOCA tests to the
extent that will be required for completion of the planned LOFT program.
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Outline

e PBF/LLR Program Objectives
e Experiment Description

e System Thermal-Hydraulics
e Fuel Rod Behavior
e Conclusions
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PBF/LLR Test Objectives

e Experimentally evaluate the anticipated
behavior of the LOFT core during the L2

Power Ascension Test Series

e Extent of cladding collapse and
waisting during the LOCA transients

e Effects of PCI during
preconditioning cycles

e Benchmark the fuel rod analysis package
(FRAP) used to requalify the LOFT core

after each test.
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PBF Inpile Tube and LLR
Test Train
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Nominal LLR Test Conditions

e Pressure 15.5 MPa
e |PT inlet temperature 600 K
e Shroud flow 0.6-0.81/s

INEL-S-21 590
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PBF/LLR Test Initial Conditions

Test Rod Power Fission Heat
kW/m 5
LLR-3 40.5 0
LLR-5 47.4 2.0
LLR-4 56.6 2.6

LLR-4A 55.6 2.85

INEL-S-21 591
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Test

LLR-3

LLR-5

LLR-4

LLR-4A

Summary LLR Tests

Measured Cladding
Temperatures (K)

870-1005

995-1015

1060-1170

1075-1260

Comments

Four fresh rods

Rod 312-3 failed (wateriogged)
No mechanical deformaticn

Two rods replaced
Possible deformation

Mechanical deformation
incurred

One rod replaced

Mechanical deformation
incurred

INEL-S-21 592
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Pressure (MPa)
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Test LLR-5
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Mass flow rate (kg/s)

Test LLR-5 Mass Flow Compariscn
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Flow rate (l/s)

Test LLR-5

Lower Turbine Flowrate
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Temperature (K)

Test LLR-3 Thermal and Mechanical
(Rod 312-1) Behavior
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Summary Fuel Rod 312-1

Test Peak Clad T Max Estimated Mechanical Deformation
0°0.53 m TO0°0.31m Predicted (Olsen)
LLR-3 950 1010 Incipient buckling
LLR-5 1000 1060 Incipient collapse
LLR-4 1130 1225 Waisting
INEL-S-21 593
o~
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Test LLR-4 Rod 312-1 Surface
Temperature vs Pressure Response
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A

Diameter (mm)
é

Post Irradiation Examination Results
of Rod 312-1
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Temperature (K)

Test LLR-5 Thermal and
Mechanical (Rod 312-2)

Behavior
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Test LLR-4A Rod 312-2
Thermal Response
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Summary Fuel Rod 312-2

Test Peak Clad T Max Estimated

0°0.46 m TO0°0.31m
LLR-3 925 960
LLR-5 1015 1050
LLR-4 1170 1225
LLR-4A 1150 1205

0091

LYl

Mechanical Deformation
Predicted (Olsen)

None

Probable buckling
Possible collapse

Waisting

Waisting

INEL-S-21 537
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Test LLR-4A Rod 312-2 Surface
Temperature vs Pressure Response
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A

Diameter (mm)

Post Irradiation Examination Results
of Rod 312-2
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Program Conclusions

e Objectives of tests were met

e LLR fuel rods experienced maximum
mechanrical deformation expected in

the LOFT L2 tests

e Deformed LLR rods subjected to
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