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LEGAL NOTICE
!

k
This report was prepared by the General Electric Company es an account of work
sponsored by the Nuclear Regulatory Commission, the Electric Power Research
Institute, and the General E|ec:ric Company. No person acting on behalf of the
NRC, the Institute, or members of the Institute, or General Electric Company:

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

B. Assumes any liabulities with respect to the use of, or for damages resulting
from the use of any information, apparttu:, method or process disclosed in
this report.
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ABSTRACT

Blowdown / Emergency Core Cooling work completed in the second quarter of
,

(April I to June 30) of 1980 is summarized. During this cuarter offorts to improve '

flow measurements with the turbine flow meter and drag disc flow meter were
made. Five separate effects (boil-off) tests were conducted in TLTA and data
evaluation of these tests is continuing. Significant efforts to evaluate the testdata
of the previcusly completed large break integral system tests were carried out.
Many test reports including large break, small break, and separate effects (boil-
off) tests were issued and some data are included herein.
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1. INTRODUCTION

1.1 GENERAL

A major requirement in the design of power reactor systems is the limitation of fuel cladding temperahJres
belew specified values during both normal operation and an unlikely but postulated, loss-of-coolant-accident
(LOCA). To meet this design requirement it is necessary to be able to predict system performance during a LOC A.
Since this type of information is not obtainable from tests on actual reactors, scaled system test programs are used to
provide basic system performance inf ormation.The BWR Blowdown / Emergency Core Cooling (BD/ECC) Program'
extends the scope of the BWR Blowdown Hoat Transfer (BDHT) Program to include ECC system operation. Results
from the BD/ECC Program will provide a basis for evaluating BWR system phenomena throughout the entire LOCA
transient from break initiation to core reflood.

1.2 PROGRAM OBJECTIVES

The BWR BD/ECC Program charter is to conduct an experimental program, jointly funded by the U.S. Nuclear
Regulatory Commission (USNRC). Ele;,tric Power Research institute (EPRI), and General Electric (GE), to ob*ain
information on transient heat transfer following an unlikely, but postulated rupture of a steam line or recirculation
line in a boiling water reactor (BWR). This program will:

1. obtain and evaluate basic BD/ECC data from test system configurations which have calculated
performance characteristics similar to a BWR with 8x8 fuel bundles during a hypothetical LOCA; and

2. determine the degree to which mode!s for the BWR system and fuel hundles describe the observed
phenomena and, as necessary, develop improved models which are generally usefulin improved LOCA
analysis methods.

,

Requirements of the BWR BD/ECC Program include use of a test apparatus which wi!! provide LOCA test
conditions representative of the environment expected in the postulated BWR LOCA. The scaling and design
objectives are to provide a test apparatus fr.r investigating, on a real time basis, the expected BWR fuel thermal-
hydraulic response, using an electrically heated, full-sized, full-power test bundle.

1.3 ORGANIZATION OF THE PROGRAM

The BD/ECC Program contract was executed in December 1975. The total BD/ECC Program work scope is
shown in Appendix A. A report schedule is contained in Appendix B.

1.4 STATUS OF THE PROGRAM

A number of the completed and reported major milestones are presented below. Appendix B indexes the
significant publications pertaining to these milestones.

1. Formulation of program plan 1 and 8x8 BDHT test plan 2 (Task AA).*

2. An evaluation of electric heaters for use in the 3D'ECC Program (Task BB).

3. Issuance of report on the transient thermal-hydraulic model. MAYUO4.3

4. Distribution of facility description report * for the BD/tCC. A phase.

*see Appenom A for task descnotion

1-1
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4

5. Issuance of revised BD/ECC1 A test plan.5

6. 64-Rod Bundle Test Topical Report enmpleted.*

During the second quarter of 1980, five boil-off tests were successfully executed.The testdata of severallarge
break, small break and boil-off tests were reported. BD/ECC 1 A phase testing will be compleied soon. The TLTA
configuration for BD/ECC 18 has not been agreed upon, as yet, so additional experimental work cannot be planned
pending this important decision by the program sponsors.
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2. PROGRAM PLANNING AND ADMINISTRATION

A Program Management Group (PMG) meeting was held in San Jose on 14-15 April 1980. In addition to
administrative matters, a number of technical items were reviewed including small break test results,large break test
results, and p;anning for the separate effects (boil-off) tests. Advantages and disadvantages of various facility
options which might be used under a contemplated program modification were also reviewed.

A number of significant agreements were reached by the PMG including: (1) agreement to review facility
options with respective sponsoring managements concerning interest and next actions on a multibundle facility or
other facility options; (2) agreement to delete the Non-Jet Purnp and Alternate Power Shape Tests in favor of higher
priority tests; (3) agreement on the balance of large break tests in the current test phase as: (a) peak power, average
ECC and (b) average power, average ECC'; and (4) agreement on a series of separate effects (boil-off) tests to be
completed.

A significant milestone will be met in August: completion of the BD/ECC 1 A large break test series.TheTLTA
configuration for BD/ECC 18 has not been agreed upon as yet, so additional experimental work cannot be planned
pending this important decision by the program sponsors.

:

*These tests wdl be executed with the improved. derect measurements of break flows

2-1/2-2
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3. EXPERIMENTAL WORK

i

3.1 BD/CCC 1 A TESTING

The planned series of five separate effects boit-off tests were successfully completed in the TLTA. The
objective of these separate effects tests was to evaluate bundle heatup at constant power and system pressure as the
mixtu re level slowly u ncovered the bundle. The system pressure and power levels for each test were steady but varied
from test to test. Evaluation of preliminary results indicates that the test conditions were catisfactorily met. Data
. evaluation is continuing.

1
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4. ANALYTICAL EFFORT

4,1 BD/ECC-1 A DATA EVALUATIONS

The status of analysis effort on TLTA test data was reviewed in the April 14-15 PMG meeting.The status of data
verification for each test was reviewed with the PMG, and the priority of issuing the data reports was set by the PMG.
Highlights of large and small break tests were presented and presentation materials are included in Appendix C. The
test results are summarized below.

4.1.1 Highlights of the Large Break Reference Test

The main points discussed on the reference test (6422/R3. average power, average ECC rate) were:

1. Realistic bundle power simulation in TLTA SA contributes to lower peak cladding temperatures (PCT).
The maximum PCT is less than 700:F isee Figure C-1).

2 Improved simulation of the bypass flow path coupled with counter current flow hmiting (CCFL) at the
side entry orifice (SEO) allows the bundle to reflood with two-phase mixture prior to refilling the lower
plenum (see Figure 0-2).

3. CCFL breaks down at the upper tie plate after the bypass region refills (see Figure C-3). This further
contributes to reflooding the bundle (see Figure C-2).

4. The lower plenum partially refills. At the end of the test (~400 seconds) the lower plenum level (Figure
C-2) is just above the jet pump exit and the ECC fluid that drains through the bundle is discharged out
the jet pumps.

4.1.2 Highlights of Small Break Test 2

1. The system pressure remains high until the automatic depressurization system (ADS) is activated
(Figure C-4).

2. The mixture levels as shown in Figure C-5 indicate the bundle was covered with two-phase mixture for
the entire transient, while a two-phase mixtwe level was seen in the lower plenum and bypass after the
ADS initiation. The fast system depressurization due to the activation of ADS resulted in flashing and
high vapor generation which led to the occurrence of the CCFL at the SEO. This CCFL phenomena at
the SEO prevents the bundle mass inventory from draining into the lower plenum and, hence, meintains
a low void fraction in the bundle during the entire transient.

3. No heatup occurred throughout the bundle for the entire transient (see Figures C-6 and C-7).

4.2 TEST DATA REPORT

Significant efforts were performed during this quarter to verify, analyze, and issue data reports. The major
accomplishments are summarized below.

4.2.1 Large Break Tests

1. The large break reference test in TLTA SA (No. 6422/Run 3) was verified and issued. (Appendix D).

2. The data report for the peak power, low flow - high temperat.sre ECC test (6423/Run 3) was nearly
completed and will be issued shortly.

4-1
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3. An analytical effort has been underway to evaluate bundle heat transfer coefficients and local
conditions in the 8x8 bundle based on available BD/ECC 1 A test results. The scope of this effort is
summarized in Appendix E.,

4.2.2 Small Mreak Tests

1. The data report f or the first TLTA small break test (6431/Run 1) was com pleted and issued ( Appendix F).

2. The data report for the second TLTA small break test (6432/Run 1) was completed and issued
(Appendix G).

;
'

4.2.3 Separate Effects Tests

A preliminary report on the separate effects (boil-off) test was completed and some data are ir.cluded in
Appendix H. The system responses were as expected; there was no indication of new phenomena.

|

i
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5. TWO-LOOP TEST APPARATUS

5.1 TEST SECTION DESIGN AND FABRICATION

Changeover of the facility from small break to large break configuration was started.Setur for the boil-off tests
was also completed. Periodic recalibration of instruments was completed, the safety valves wero retested, and other
needed facility mainte 1ance was performed.

The modified turbine meters and drag discs for use in the large break blowdown lines were. Installed. These
units have been modified by Measurements incorporated. Idaho Falls, Idaho, to include:

new turbine rotors for different ranges+

increased target sizes on both drag discse

new RF-type turbine meter sensors and preamplifier electromese

modified readouts for the turbine meters*

An adiabatic blowdown transient (zero bundle power and no ECC injection) was used to check the blowdown
flow measurement system. Preliminary results showed that the drag discs and turbine meters performed
satisfactorily. A transducer added to measure the level in the suppression tank performed successfully after the
initial blowdown transient was completed. Detailed data processing has been in progress to compare these
blowdown f|ow measurements with those calculated using the rate of change of the mass inventory within the
pressure vessel.

Some shakedown tests were conducted to confirm the operation of these devices. All units operated
satisfactorily in a test in which the system depressurized from full pressure and temperature conditions but with low
bundle (~300 kw). Output from the turbine meters was not affected by SCR noise associated with bundle power
supply, so apparently this problem has also been solved.

Preparations for the next test matrix were complete. All testing with the current facility configuration is
scheduled for completion during August.

5-1/52
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APPENDIX A

WORK SCOPE FOR BD/ECC PROGRAM - CONTRACT NO. NRC-04-76-215

PURPOSE

OVERALL PURPOSE

The purposes of the EPRl/NRC/GE Integral Blowdown / Emergency Core Cooling BD/ECC, test program are
to:

1 obtain and evaluate basic BD/ECC data from test system configurations which have calculated
performance characteristics similar to a BWR with 8x8 fuel bundles during a hypothetical LOCA: and

2. determine the degree to which models for BWR system and fuel bundles describe the observed
phenomena, and as necessary, develop improved models which are generally usefulin improved LOC A
analysis methods.

SPECIFIC OBJECTIVES

The specific objectives of the integral BD/ECC interaction test program are:

1. Scaling Analysis: evaluate and document the scaling basis of the TLTA in the configurations selected
for BD/ECC interaction tasts as compared to reference BWR designs.

2. 7x7 Counter-Current-Flow-Limited (CCFL) Flooding Characteristics: conduct CCFL flooding
characteristic tests of the present TLTA bundle geometry to establish the need, or lack thereof, to

| modify the present test apparatus design for the initial BD/ECC interaction experiments.
!
l 3. 8x8 Blowdown Heat Transfer Tests: conduct 8x8 BDHT tests for comparison with 7x7 BDHT data and

to serve as a BDHT baseline for BD/ECC interaction experiments.

4. BD/ECC Interaction Tests: evaluate system response and heat transfer, and evaluate effectiveness of
ECC during the blowdown period, and the period extending well beyond the initial flow coastdown and
lower plenum " flashing" periods of the calculated BWR-LOCA in one or more system configurations.

5. Alternate Power Shape BD/ECC: determine the effects of axial power shape on the system response
and bundle heat transfer behavior during the calculated BWR LOCA.

6. Non-Jet Pump Plant BD/ECC: investigate the ECC interaction with the system during blowdown in a
represer'tative non-jet pump test system configuration.

7. Reporting of Data: report all data (including pertinent error bands) in conventional parametric form
suitable for correlation by others.

8. Model Development: develop verify, and document an improved bundle thermal-hydraulic model
that can be incorporated into analyses of BWR LOCA's.

9. Application of Data: specify how General Electric intends to use the data to qualify the degree of
'

conservativeness of BWR LOCA evaluation models.

I A-1
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SCOPE

Task AA - Program Planning and Administration

1. General Electne will prepare a Preliminary BD/ECC Program Plan that elaborates on the means for
meeting the program objectives. The program plan will include, but not be limited to: (a) BWR
configurations and LOCA conditions to be tested; (b) test parameters and their ranges; (c) updated
conceptual designs and testing strategies; (d) an outline of model development and venfication
activities; and (e) the method of relating previous 7x7 rod bundle data to the 8x8 rod bundle data.
Sufficient discussion of the above items will be included to substantiate the basis for the preliminary
program plan. The program plan will also include an updated schedule, a proposed data verification
and reporting plan, and the planned utilization of data by General Electric to assess current BWR LOCA
evaluation methods.

The preliminary program plan will be provided for EPRI and N RC review, comment,and approval on an
agreed upon time schedule. If comments are not supplied to General Electric by NRC or EPRI within the
agreed schedule. General Electric may proceed as proposed.

2 Following mutual agreement on the results from Task AA-1 and on the appropriate phase of Tasks BB
and CC-1, General Electric will prepare a detailed test plan for each major testing phase. Each detailed
test plan will include the test objectives. test phase description, test matrices, parameter ranges and
reasons for selection, test execution plan, planned utilization of the data, and the planned schedule for
completing that phase.

The preliminary test plans will be provided for EPRI and NRC review, comment, and approval on an
agreed upon time schedule. If comments are not supplied to General Electric by EPRI or NRC with the
agreed schedule, General Electric may proceed as proposed.

Task B8 - Heater Evaluation

1. Perform appropriate analysis relatmg electrical heater performance to predicted nuclear fuel rod
temperature performance during an ECC transient This analysis will describe the method of
programming initial and decaying electrical power to produce representative BWR LOCA thermal
response and will describe how differences in thermal properties are accounted for in the electrical
simulations.

2. Evaluate the need for tests to demonstrate the validity of the above analyses. The heater evaluation
inciv$ng documentation of the above item will be provided for EPRI and NRC review, comment, and
approval on an agreed upon time schedule. If comments are not supplied to General Electric for EPRI or
NRC within the agreed sch.dule, General Electric may proceed as proposed.

Tast. CC - Test Facility Design and Fabrication

1. Scahng and design analyses to define each system configuration will be performed and documented.
Particular attention will be given to attaining a real-time simulation of calculated BWR system and fuel
bundle thermal-hydraulic LOCA response-

Design trade-off and scaling compromise studies will be performed to establish the final scaling basis to
br used for design and operation o' each configuration. Appropriate analytical methods including, but
r'ot necessanly limited to, those used for BWR performance analyses will be applied to obtain best
estimate performance predictions of the BWR reference plants and the test system configurations.
These pre-test predictions will include time to boiling transition (BT),Icwer plenum flashing effects,
post-BT heat transfer, and response to ECCS operation Differences in anticipated dynamic response
of the test apparatus as compared to a BWR will be identified by appropriate analysis. Measurement

A-2
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requirements to obtain program objectives, including type, number, location, and accuracy of
instruments will be specified, and an instrumentation plan to meet these requirements will be
developed. A preliminary Facility Description including documentation of the above items, presenting
the technical basis for the preliminary design, will be provided for EPRI and NRC review; comment, and
approval on an agreed upon time schedule. If comments are not supplied to General Electric by EPRI or
NRC within the agreed schedule, General Electric may proceed as proposed.

2. Upon resolution of comments, if any, the contractor shall provide a revised Facility Description as
necessary.

The final design and procurement of racessary material for each configuration will be completed, and
the system will be prepared for calibration testing.

Task DD - Test Section Design and Fabrication

Upon completion of Task BB and an evaluation of the BDHT test section counter-current-flow-limiting
(CCFL) characteristics. General Electric will complete the design, procurement, and assembly of the 8x8 rod test
sections for BD/ECC testing. The test section designs will be documented in the appropriate Facility Description
reports.

Task EE - System Startup Tests

Upon assembly of each configuration, conduct performance and flow calibration tests. Perform hydrostatic,
hydrodynamic, and transient startup tests for each configuration to establish system operational characteristics
including adequacy of heater and instrumentation response. Conduct steady-state and/or transient separate etfects
tests necessary to provide the basis for interpretation of BD/ECC experimental results.

Task FF - BD/ECC Interaction Tests

For each configuration, perform tests as detailed Tasks AA-2 and CC-2.

Task GG - Data Evaluation and Model Development

1. Analyze and document the as-built system performance characteristics based on system startup tests.
Evaluate the test apparatus design for meeting program objectives on the basis of system startup
performance tests. Determine what, if any, minor modification and/or adjustments should be made on
the test facility, and update the predictions of system response as appropriate.

2. Upon completion of a specified test series, rerNce, evaluate, and report the experimental data. Provide
the experimental basis for confirming or modifying the assumptions and models used in LOCA-
evaluations such as the onset of boiling transition (BT), the subsequent heat transfer rates, effects of
lower plenum flashing on core thermal response, and the effects of ECC on core and system response.
Document the data obtained, the storage format and how it can be accessed by others.

3. As appropriate, develop and document improved analytical models, which can be incorporated into
best estimate analyses of BWR LOCA's. This will include, but not be limited to, the development of a
self-standing transient thermal-hydraulic model for the prediction of local thermodynamic parameters
in rod bundles during LOCA's These local parameters are necessary for the phenomenological
understanding and correlation of local heat transfer coefficients. Values for local heat transfer
coefficients are desired which may be expressed as a function of local conditions such as temperature
differences, flowrates, pressure, and quality.

Indicate how the dat' obtained can be used to assess current BWR LOCA evaluation models, including4. a

a quantitive determination of safety margins.

A 3/A-4
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APPENDlX B

BD/ECC PROGRAM REPORTS

B.1 LIST OF REPORTS PREPARED AS PART OF THE BWR BD/ECC PROGRAM DOCUMENTATICN

Report NoJType Title / Author (s) Principal Contents

GEAP-21207 BWR 8x8 Fuel Rod Simulation Analysis of electrical
Informal Using Electrical Heaters, heaters to simulate

J. P. Dougherty, R. J. Muzzy, nuc! ear fuel rods
March 1976.

GE AP-21304-1 BWR Blowdown / Emergency
Quarterly Core Cooling

First Quarterly Progress Report,
January 1 - Much 31,1976.

G EAP-21255 Preliminary BWR Blowdown / Design consideration
Topical Report imergency Core Cooling leading to various

r)rogram Plan, test configurations.
R. J. Muzzy, June 1976. Test parameters and

ranges. Test strategy.

G E AP-21304-2 BWR Blowdown / Emergency
Quarterly Core Cooling

Second Quarterly Progress Report,
April 1 - June 30,1976.

; GEAP-21333 64-Rod Bundle Test matrix and test
Topical Report BDHT Test Plan, strategy for 8x8 plan.i

J. P. Walker,
September 1976.

G EAP-21304-3 BWR Blowdown / Emergency
Quarterly Core Cooling

Third Quarterly Progress Report.
July 1 - September 30,1976.

G EAP-21304-4 BWR Blowdown / Emergency
i Quarterly Core Cooling
| Fourth Quarteriy Progress Report,
1 October 1 - December 31,1976.

G EAP-21304-5 BWR Blowdown / Emergency
Quarterly Core Cooling

Fifth Quarterly Progress Report,
January 1 - March 31,1977.

GEAP-21304-6 BWR Blowdown / Emergency
Ouarterly Core Cooling

| Sixth Quarterly Progress Report,
j Acril 1 - June 30,1977.

G EAP-21304-7 BWR Blowdown / Emergency
Quarterly Core Cooling

Seventh Quarterly Progress Report,
July 1 - September 30,1977.

B-1
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8.1 LIST OF REPORTS PREPARED AS PART OF THE BWR BD/ECC PROGRAM DOCUMENTATION
(Continued)

Report No./ Type Title / Author (s) Princ!pel Contents

NEDG-NUREG- TLTA Components CCFL Tests Results of CCFL testing of
23732 D. D. Jones December 1977. TLTA-1 and -3 core inlets

and TLTA jet pump. Results of
singfe phase liquid pressure
drops across TLTA-3 core inlet
and single phase reverse flow
steam pressure drops across
Tl TA iet numns.

GEAP-23592 BWR Blowdown / Emergency Detailed description *

Core Cooling Program of TLTA configuration
Preliminary Facihty for BD/ECC-1 A.
Description Report for
the BD/ECC-1 A Test Phase.
W. J. Letzring editor,
December 1977.

GEAP-NUREG- BD/ECC 8th Quarterly
21304-8 Progress Report

October 1 - December 31,1977.

GEAP-NUREG BD/ECC 9th Quarterly
21304-9 Progress Report

January 1 -- March 30,1978.

G EAP-NUR EG- BWR Blowdown / Emergency Test matrix and test
21638A Core Cooling Program strategy for BD/ECCI A

64-Rod Bundle Core Spray phase.
Interaction (BD/ECC1 A) Test Plan,
J. C. Wood and A. F. Morrison.
February 1978.

GEAP-21304-10 BWR Blowdown / Emergency
Ouarterly Core Cooling

Tenth Quarterly Progreas Report
April 1 - June 30,1978.

G E AP-21364-11 BWR Blowdown / Emergency
Quarterly Core Cooling

Eleventh Quarterly
Progress Report
July 1 - September 30.1978.

G EA P-NUR EG- 64-Rod Bundle Blowdown Topical report covering
23977 Heat Transfer (8x8) Final blowdown heat transfer

Report without ECC injection.
September,1978

GEAP-NUREG- BWR Blowdown / Emergency
21304-12 Core Cooling

Twelfth Quarterly Progress Report
October 1 - December 31,1978.

GEAP-NUREG- BWR Blowdcun/ Emergency
21304-13 Core Cooling

Thirteenth Quarterly
Progress Report
January 1 - March 31,1979.

,
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GEAP-NUREG- BWR Blowdcwn/ Emergency
21304-14 Core Cooling

Fnurteenth Quarterly
Progress Report
April 1 - June 30,1979.

GEAP-NUREG- BWR Blowdown / Emergency Core
21304-15 Cooling Fifteenth Quarterly

Progress Report
July 1 - September 30,1979.

G EAP-NUREG- BWR Blowdown / Emergency Core
21304-16 Cooling Sixteenth Quarterly

Progress Report
October 1 - December 31,1979.

GEAP-NUREG BWR Blowdown / Emergency Core
21304-17 Cooling Seventeenth Quarterly

Progress Report
January 1 - March 31,1980

B.2 LIST OF REPORTS PLANNED AS PART OF BWR BD/ECC PROGRAM DOCUMENTATION,

Title Principal Contents Scheduled Date*

3D/ECC1B Test Preliminary plan and tett
Plan strategy for BD/ECC16 testing

BD/ECC1B Detailed description of
Facility Description TLTA configuration for

BD/ECC1B

BD/ECC1A Results from BD/ECC1 A
Final Report testing

Final BD/ECC Summary and Conclusions
Report from BD/ECC progre-m

* Major revision of program is currentty under consideration by the program sponsors
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| APPENDIX C

HIGHLIGHTS OF THE LARGE BREAK REFERENCE TEST AND SMALL BREAK TEST NO. 2
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APPENDlX D

BD/ECC 1 A
DATA REPORT FOR TLTA-5A REFERENCE TEST

(6422 Rt.n 3 Average Power, Average ECC Rates)

L. S. Lee, May 1980

SYNCPSIS

The reference test data, along with discussion of results, are included in this report. Also included is a
recapitulation of simulation improvements made te TLTA that render configuration SA (TLTA-5A) even more
representative of a BWR system.

As a result of the realistic bundle power decay and bundle-to-bypass flow coupling, the bundle was reflooded
completely at ~140 seconds and the peak cladding temperature was below 700 F.

BACKGROUND

improvements to TLTA for additional testing were deemed desirable by the PMG in January 1979 after the
PMG members had reviewed results from the scoping seriesD-' of BD/ECC1 A tests. The scoping series of tests.
conducted in TLTA 5, was setcted f rom the test planD-2 by PMG following the March 1978 meeting. The a,1 tent of the
scoping senes was to obtam a data base from which to guide further testing.

The balance of BD/ECC 1 A tests, conducted in the improved TLTA, was finalized with input from PMG
members after the March 1979 PMG meeting. Included were five large tareak (DBA) tests, and a small break scoping
test D-'.

TLTA improvernents, including hardware modifications and instrumentation changes, have been
documented and issuedD-$. Significant modifications included: realistic bundle power decay, improved simulation of
bypass leakage path, and improved simulation of systems inventory. The resulting configuration was designated
TLTA SA (Figure D-1).

In TLTA SA two core-leakage flow paths were included (Figure D-2). These paths simulate the leakage flow
through the f uel support / lower tie plate (paths 4 to 7, Figure D-2), finger springs (path 3, Figure D-2) and holes in the
tower tie plate (path 2. Figure D-2). In all previous TLTA configurations, only the leakage path from the lower plerium
to the guide tube was simulated.

RESULTS

System Thermal-Hydraulic Response

The test condrtions for this reference test are summarized in Table D-1. The bundle power decay for the test
(Figure D-3) was based on ANS-5 for a central-average BWR/6 bundle and included the effect of decay heat and
stored heat.

The system pressure response as measured at three locations is presented in Figure D-4. The pressure
differences between plena are initially due to the flow and hydrostatic head differences in the system. After the
recirculation pumn are trioped and blowdown begins, these pressure differences become small and the three
pressures are seen to we nearly identical. Later in the transient as the system refills, the hydrostatic head difference
becomes discernible (see Figure D-4).

The ECC injection rates (Figures D-5 through D-8) are gover, td i * the system pressure as the pumps
characteristics were designedo 3 to simulated those of a BWR. Injection comnisnces at 27 seconds for HPCS (Figurc
D-5),63 seconds for LPCS (Figure D-6), and 71 seconds for LPCI(Figure D-7). The totalamount of ECC injected at
any time is included in Figure D-8.

D-1
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An overview of the system response is presented in Figures D-9 and D-10.The initial system response is similar
to the previous scoping test seriesM. Following the onset of lower plenum flashing the steam generation in the lower
plenum holds up inventory in the bundle because of counter current flow limiting (CCFL) at the side entry orifice
(SEO) below the bundle. Simi;arly, CCFL at the upper tie plate and the bypass outlet holds up inventoryin the upper
plenum. As the blowdown continues, the mixture level in the lower plenum receeds, reaching the jet pump exit plane
at ~34 seconds. An alternative path becomes available 1or the lower plenum vapor to escape, and therefore less vapor
vents through the SEO to the bundle. The liquid continuum previously maintained in the bundle by the vapor updraft
is now lost and bulk heat-up within tiie bundle begins. During this period, theinventory in the upper plenum remains
fairly constant (Figures D-9 and D-10), with drainage into the bundle being replenished by continued core spray.

The guide tube / bypass region begins to refill (Figure D-10) shortly after the onset of LPCI injection (-90
seconds). The subcooled LPCI fluid condenses steam in the bypass region and eliminates CCFL at the top of the
bypass. This partially drains the upper plenum as the bypass is refilled (Figure D-10).

The bundle refloods concomitantly with bypass refill for these reasons: 1) increased hydrostatic head in the
bypass region produces increased leakage flow into the bundle and 2) continuing CCFL at the SEO provents
complete drainage of the bundle inventory into the lower plenum. As the bundle refloods, its hydrostatic head
increases and the leakage flaw from the bypass diminishes.The subcooled LPCI that was flowing downward through
the bypass region is then forced to flow upward into the upper plenur9. This LPCI fiuid combines with other
subcooled liquid being sprayed into the upper plenum and leads to CCFL breakdown at the top of the bundle. As a
result, the bundle reflood is accelerated and the upper plenum inventory completely drained. The upper plenum
remains drained for the balance of the test (Figure D-9).

The falling of the bundle produces a hydrostatic head on the lower plenum fluid and increases the pressure
drop across the jet pumps. The pressure drop is sufficient to carry the ECC fluid, which is now draining through the
bypass and bundle, out of the lower plenum and into the downcomer region (see Figure D-11).The hydrostatic head
r;f the bundle, therefore, prevents the lower plenum from completely refilling. The system achieves pseudo steady
state for the remainder of the transient except, as discussed below for two short periods of vapor venting through the
bypass region.

Plots of regional mass are included (Figures D-12 through D-17). From these plots the timing and extent of
mass transfer from one region to another can be determined.

A schematic of the TLTA bundle showing pressure tap elevation is included in Figure D-18 for reference.'

Nodal differential pressures along the bund'e are shown in Figures D-19 through D-22. Bundle reflood from the
bottom and final reflooding from the top can be observed from these measurements. Nodal differential pressure
along the guide tube and bypass are shown in Figures D-23 and D-24.

Bundle Heat-Up Response

The thermal response of the bundle is marked by: 1) low peak cladding temperatures below 700$F (Figure
D-25),2) well cooled bundle (~Tsat) after 150 seconds, and 3) eventual subcooling of bundle (below Tzat).

Temperature measurement locations are shown in Figure D-18. Peak cladding temperature is presented in
Figure D-25, while temperature measurements at different locations are included in Figures D-26 through D-47.

Some dryouts at ~20 seconds are seen at certain locations (Figures D-32,34,35,37,38,40) as lower plenum
flashing subsides. However, these dryouts are all rewetted at approximately the time of HPCS flow inception. As the
elapse times between the HPCS inception and rod rewetting are rather short, rewet of the dryout rods are attributed
to fallback cooling from the inventory in the upper plenum.

Bulk dryout of the bundle occurs at a pproximately 34 seconds when the liquid continuum in the bundle is lost
following jet pump exit uncovery in the lower pfenum. The bundle heatup is, nevertheless, limited to ~700 F due to

1 the effectiveness of the HPCS which penetrates the upper region of the bundle and rewets many of the rods. The
maximum cladding temperature reached the peak value before LPCS injection begins (Figure D-25).

D-2
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The upper half of the bundle becomes further cooled (Figure D-35 through D-47) following LPCS injection,
which begins at 63 secor ds. This causes the remaining dried out rods in the upper bundle to be rewetted and the
thermocouple measurements to indicate saiuration temperature

The lower half of the bundle, by contrast, continues to show local dryout even after the heat up rate and
cladding temperatures have peaked. The region becomes well cooled when the bundle refloods between 110
seconds and 140 seconds (Figure D-10, Figures 25 through D-34).

With the bundle completely reflooded and with the continuous injection of subcooled ECC, the fluid inventory
within the bundle becomes subcooled. This is evident in Ogures D-26 to D-47 where it is seen that after about 150
seconds the cladding temperatures in the bundle snow values below the saturation temperature for the system
pressure.

Further Evolustions of Bundle Heat-Up Response

Heatup rate within the bundle is being evnluated by deriving heat transfer coefficients (HTC) with HCODE
from thermocouple measurements. Preliminary results indicate that during the spray cooling period, prior to bundle
reflood, the HTC on the peak rod at peak power plane is ~16 B!u/*F HrFt2. This HTC value is consistent with that
required to mair.tain the PCT at ~700* at the decay heat level for this test. The bur.dle inlet flow during ;Ns period is
very low and is counter current, therefore, no direct flow rate measurements are available.The vapor upflow from the
lower plenum to the bundle, however, has been estimated from mass and energy balance in the lower plenum. The
upper bound value of steam flow to the bundle is ~0.1 lbm/sec. The corresponding single phase HTC (from Dittus-
Boelter) f a this vapor flow is ~6 Btu /*F HrFt2 The effectiveness of the spray cooling is evidently accounting for tne
higher heat transfer rate observed in the test.

The bundle thermal response can be summarized as follows:

CCFL at the SEO delays bulk heatup until ~34 seconds into transient.*

Realistic bundle power simulation contributes to lower PCT beyond 50 seconds (compared to earlier*

TLTA 5 results).

ECCS contributes significantly to bundle heat removal and therefore lower PCT..

Improved simulation of leakage path in TLTA contributes to completely reflooding the bundle (even*

with the short jet pump) and further lowers the bundle temperatures.

Vapor Venting in Guide Tube /Bypees Region

V1por venting in the guide tube / bypass region is primarily due to rapid filling of the bypass region with two-
phase mixture coupled with inequality of fluid density in the two parallel columns (bundle and bypass).

The region refills in 30 seconds (from ~100 to ~130 seconds as shown in Figure D-9).The mass of the guide
tube increases from 60 to 90 pounds, the bypass from ~0 to ~65 pounds (Figures D-15 and D-16).Of this increase of
~95 pound mass, the one LPCI system accounts for ~25 pounds, the balance comes from the two-phase fluid in the
upper plenum.

When the bypass refills at ~100 seconds the bundle begins to reflood slowly. The hydrostatic head across the
bypass is seen in Figure D-48 to be higher than that scrt ss the bundle. The difference in hydrostatic heads, shown in
Figure D-49, causes the bypass fluid to flow into the b9dle and the guide tube fluid into the lower plenum. This
leakage flow from the bypass to the bundle contributes to bundle reflood; that from the guide tube contributes
additional vapor to the lower plenum. The combined effects of flashing in the lower plenum and the added vapor flow
from the guide tube render the counter current flow condition at the SEO to prevent liquid drainage from the bundle
(Figure D-50a).

D-3
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The reversed leakage flow from the bypass is accompanied by the down flow of LPCI. Tne subcooled LFCI
fluid condenses vapor generated in the bypass and the guide tube. The reversed leakage flow as well as the
downward LPCI flow diminishes as the bundle refloods and the hydrostatic heads difference decreases. On the other
hand, the vapor updraft from the guide tube in;o the bypass increases as the leakcge flow into the lower plenum
decreases. The combined effect of decreased subcooled LPCI downflow and increased guide tube vapor upflow is
that the vapor travels higher up into the bypass before mixing with the subcooled LPCI fiuid This decreases the
bypass fluid density, hence the hydrostatic head, and further rede:es the hydrostatic heads difference.

The hydrostatic head difference is also diminished by the bundle fluid density increase. This comes about
v aen the bundle begins reflooding and cools the lower bundle. Then, as t A lower bundle becomes well cooled,less
vapor is generated and, hence, more liquid drains into the bundle f rom the upper plenum. Finally, as the bypass flow
decreases, more subcooled ECC fluid becomes available to flow into the bundle (Figure D-50b).

The hydrostatic heads become equal at ~200 seconds and the bypass flow becomes zero (Figure D-49). T he
LPCI fluid can no longer flow downward and is forced into the upper plenum where it combines with the subcooled
sprays and flows into the bundle. This tenders the bundle hydrostatic head higher relative to the bypass and the
leakage flow reverts to the forward direction;i.e., fluid flows from bundle to bypass and from lower plenum to guide
tube.

The forward leakage flow facilitates the vapor to escape from the bypass region. As both the liquid and the
vapor continue to flow upward, the liquid contir.uum is pushed into the upper plenum (Figure D-24, ~210 seconds).
The vapor continuum is then condensed as it comes into direct contact with either the subcooled LPCI at the top of
the bypass or the subcooled spray in the upper plenum. Following this, the vapor flow diminishes, and the upper part
of the bypass is clear of liquid continuum (Figure D-50c). The LPCI fluid flows downward again to fill tl e bypass. At
the same time, the hydrostat" head of the bypass region has been reduced further and allows more oundle fluid to
drain into and refill the region. As the bypass refills, the hydrostatic head difference decreases and with it the forward
leakage flow.

The forward leakage flow also allows the lower plenum vapor to escape through the guide tube / bypass region.
Consequently, the vapor upflow at the SEO decreases, which allows more liquid downflow from the bundle 10 the
4wer plenum. As the bundle drains partially and the hydrostatic head decreases, the jet pump path pressure drop
correspondently decreases This results in a simultaneous increase of mass influx to and decrease of mass outflux
from the lower plenum. Therefore mass inventory in the lower plenum increases (Figure D-51).

The forward leakage flow to the bypass reverses later (Figure D-49) when partialloss of inventory in the bundle
coupled with refilling of bypass leads to reversal of the hydrostatic head difference. This allows the restoration of the
pseudo-steady-state conditions that proceed the vapor venting from the guide tube; for, as the guide tube flow is
reversed into the lower plenum, the combined vapor flow is forced through the SEO. The increase in the vapor flow
causes CCFL at the SEO to reduce the fiquid drain from bundle and allows the bundle to accumulateinventory once
again. At the same time, as the hydrostatic head of the bundle increases, the pressure drop across the jet pumps
increases correspondingly (Figure D-49). This results in a simultaneous decrease of mass influx to ar.d an increase of

! mass outflux from the lower plenum. Therefore mass in the lower plenum decreases until the mixture level returns to
I that of the jet pump exit plane. With the mixture reaching that level, a pseudo steady state is momentarily restored,
! (see Figures D-9 and D-50d).

This process repeats itself la ter in the transient. However, a f ter this later refill, a suf ficient a mount of subcoo!ed
liquid enters the guide tube and bypass regions. This, in conjunction with decreased flashing due to decreased
depressurization rate, diminishes the vapor up-flow and further vapor venting subsides. '

This venting process in the bypass region of TLTA is believed to be influenced by the one dimensional
configuration of the TLTA geometry and may not be representative of a BWR. In TLTA,the bypass region volume is|

'

mocked-up by four parallel tubes which communicate from the guide tube to the upper plenum. LPClis injected
equally into each tube. In the BWR, the bypass is a more open, three-dimensional region ydth LPCIinjection at the
core shroud wall. Communication between the bypass and guide tube and the bypass and bundle are less influential
as the bypass region has a large, plenum effect. Therefore, the venting process observed in TLTA is not expected in a
BWR.

f
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Table D.1
SD/ECC 1 A, TLTA SA, REFERENCE TEST 8422, RUN 3.

Initial Conditions
C..'.,'~ e Po we r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.05 1 0.03 MW
Steam Dome Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1035 5 psia
Lower F;easim Pressu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1062 2 5 psia
Lower Plenum Ent nalpy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 524 5 Btw/lbm
initial Water Level . ..................................124 6 in. Elevation
Feed Water Enthal py. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 2 Btw/lbm
Bundle inlet to Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 _*j p si
S te a m Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 + 1 lb m/sec
Feed Wate r Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 1.6 0.3 lbm/sec
Drive Pu m p No.1 Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.71 lbm/t.e:
Drive Pump No. 2 Flow . . . . . . . . . . . . . . . . . . . . . . . . 8.5 ! 1.0 lbm/sec.... ....

Jet Pump No.1 Flow . ... . .. . ..... . .. .. ...... . 20. 2 lbm/sec
Jet Pum p No. 2 Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 2 2 1bm/sec
Bundle inlet Flow. ..................................35. 5 lbm/sec

Timings
B'or,down Vabes Opening . . . 0.00 t 0.02 see... . ......... .... .

Power Decay. . . . . . 0.40 0.05 see... ....... ... . ... . ..

HPCS Actuated. . . . . . . 27 see. ... . ........ ... .... . . . ....

HPCS Flow Begins . . .. . . 27 see 11 sec.. .. .. . .. .... . . . .

LPCS Activated. . . ... . . . .. ... .. .... .. .. . 37 see
LPCS Flow Begins. . . . .. .. . . . . . . . . . 63 t 2 see
LPCI Activated . .. . . 37 see. .. . . ... . .. . .. .. ... . ...

LPCI Flow Begins . . . .. . .. ... . .. . .. . . . . 71 2 see
Bundle Power Tnpped ... . . . .. .. . . .. .. . .. .. . 399 sec
Blowdown Valves Closed . . . . 429 sec.. .. . . .. .. . .. . .

ECCS Temperature . . .. .. ... . .. .... .. . . . 120 ! 15'F

All uncertainty bands are judged from the maximum of data fluctuation Mnd/or absolute
uncertainties of the measurements.
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APPENDIX E

THE PLAN FOR EVALUATING BUNDLE HEATTRANSFER COEFFICIENTS & LOCAL CONDITIONS

An evaluation will be completed of local rod heat transfer coefficients at severallocations in the 8X8 bundle.
These evaluations will be carried out using rod temperature data from both BDHT (without ECC) and BD'ECC 1 A
tests (Table E-1) with the 8x8 bundle.These evaluations will utilize a computational procedure solving transient heat
conduction in direct (skin) heater rods with heat transfer to fluid at the outer surface.'

The corresponding local fluid conditions, including steam flow rates, will be estimated on the basis of mass
and energy conservation in the heater bundle. Such an estimation requires bundie inlet conditions and, the latter will
be derived from a mass energy balance in the lower plenum, accounting for countercurrent flow limitation at the core
inlet. An upper and lower bound for these estimates will be establisned. It is anticipated that this work will be
completed by the end of July. Table E-1 is a list of tests, rod bundle position numbers, and elevations at which these
calculations will be marta

* Determmation of Transient Heat Transfer Coefficients and ttse Resultant Surface Heat Flux from Internal Temperature Measurements. (GEAR-
20731) January,1975

E1
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APPENDIX F

BD/ECC 1 A
DATA REPORT FOR:

TLTA SMALL BREAK TEST NO.1
(8431 Run 1)

L. S. Lee, June 1980

INTRODUCTION

This data report contains key measurements and selected results from Test 6431 Run 1 conducted on 18
December 1979 Some of these results were included previously in the Fifty-first Monthly Report (January 1980).

BACKGROUND

A small break scoping test was planned as part of the BD/ECC 1 A test program (Reference F-1).The original
objective of this test was to evaluate the effects of the scaling uncertainties known to be present in the TLTA Test
Facility which was to be used for the small break LOCA simulation. The intent was to identify, verify, and quantify
these scaling deficiencies and to propose modifications to the facility that would eliminate those compromises that
were significant. A secondary objective was to develop facility operating techniques to conduct representatWe BWR
small break simulations. This original scoping test was previously planned for the first quarter of 1980. Following the
TMI-2 accidant, there was considerable interest expressed by the eponsors,The Nuclear Regulatory Comission, and
The Electric Power Research Institute to accelerate the test schedule. As a result, the first of the two small break tests
was conducted on 18 December 1979.

BASIS FOR SMALL BREAK TEST 6431

The basis for this test is given in Reference F-2 and is summarized below-

BWR/6-218*

* O 05 .02 sq. ft. recirculation line break
Loss of feedwater and trip cf recirculation pumps*

ADS not activated*

Full complement of ECCS (Iow pressure systems not expected to inject)*

Decay heat as por ANS-5 (1978)*

ECC water at -NaF*

Reactor scram on high drywell pressure*

HPCS activated on high drywell pressure*

TEST CONDITIONS

The initial conditions for the test are included in Table F-1. Additionalinformation on test operation were given
in Reference F-2. Other test conditions t,an be found among the data presented in this report.

TEST RESULTS

The first of the two small break tests was conducted in TLTA S B (Figure F-1).The key feature of TLTA S B is an
orifice in the olowdown line simulating a small break. In addition, a heat exchanger was installed just downsteam of
the break area to condense the breakflow which was measured by another orifice (rigure F-2).

Power decay plots for the tests are shown in Figurg,e F-3 and F-3a. Mass flows to and from the vessel ate
included in Figures F-4 through F-6. It is seen that initially there is a net loss of inventory from the system;i.e., the

F-1
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break flow exceeds the HPCS injection flow. This was the basis for selecting the break size for the test. Laterin the
transient as the syttem pressure is reduced (~400 seconds), the mass inflow is seen to be higher than outflow.

Shown in Figure F-7 is the system pressure which increases initially due to the loss of feedwater flow at time
zero (Figure F-4) whi's the bundle power was held constant. System pressure begins to decrease when the power
decay is initiated at ~7 seconds as the steam outflow through the stearn line exceeds the steam generation within the
bundle. The system pressure increases again after- 17 seconds (Figure F-7a) when the steam valve is closed and
then decreases shortly after the HPCS begins to inject at ~27 seconds.

The mixture levels measured inside and outside the core region are shown in Figure F-8. In the early transient,
the outside level decreases due to the loss of inventory out the break. The inside level remains at the top of the
separator because the bundle and upper plenum contain a two-phase mixture due to continuing steam generation in
the bundle. The inside level starts to drop when the combined effect of bundle power decrease and subcooled HPCS
condensation reduces the void fraction in the upper plenum. As the injection of subcoo!ed HPCS continues, the
upper plenum and the bundle are gradually filled entirely with subaoled water. Consequently, the levelinside
becomes lower than the two-phase mixture level outside. The hydrostatic head o:the it..pde column of fluid is higher
than that outside. and the subcooled HPCS fluid flows from the upper plenum, down through the bundle, out the jet
pumps, and into the downcomer outside.

As a result, the bundle level stayed wel! above the top of the heated length and there was no heat up in the
bundle. The bundle thermal responses (Figures F-9 tnrough F-11) show that the thermocouples are measuring
subcooled temperatures after ~200 seconds.

The regionai masses are shown in Figures F-12 through F-17. Figure F-18 presents total system mass.

Nodal differential pressure measurements are included in Figures F-19 through F-25 for the inside column
(bundle and upper plenum). Figures F-26 through F-28 show nodal differential pressures in the downcomer region.
Nodes 46 and 47 in Figure F-28 are part of Node 10 in Figure F-27.

Pressure and temperature data at the vicinity of the _ break orifice are presented in Figures F-29 f.nd F-30. It is
seen from Figure F-30 that the heat exchanger was effective in condensing the break flow into a subt.ooled liquid.

Finali . some detailed responses are included in Figures D-31 and F-32. Shown in Figare F-31 is thef

thermocouple respcnse indicating level fall and rise in the upper pn sum. Shown in Figure F-32 are level probe
responses showing phase change (lovel change) locations.

F2
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TaWe F-1

MEASURED TEST CONDITIONS (8431 RUN 1)

B r e a k S iz e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.125 1 0.001 in. diameter
H PCS Flow Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . As shown in Figure F-6
E CC Fluid Tem perature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 4'F

Initial Conditions
Bundle Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . As shown in Table F-2

. Steam Dome Pressure .. ....... 1041 5 psia (also see Figure F-7A)... ...
'

Water Level (Outside Shroud) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283 3 in. EL
B u ndle (Co re) Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431 5 lb m/sec
Bypass Flow. Total .. .................2.6 0.3 lbm/sec......... ....

S te a m Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 0.5 lbm/sec (t < 16.6 sec)
0 lbm/sec (t > 16.6 eec)

Bundle Inlet Subcooling . . . . .. . ...... ... .... .. . ...... . 16 t4*F

Downcomer Temperstmes
Above J.P. Suction . ................. .. ...... .. 552 4'F. .. . .

Below J.P. Suction . . . . . . . . . . . . . . . . . . . . . . ......... 539 4F. ........

Timings
Pump No.1 Trip. . . . . . . . 0.0 sec 0.1 sec. ... .. .. ... .. .. .

Pump fio. 2 Trip'* . . . . . . . 4.0 sec 0.2 sec............... . .. . , ..

Feed Water Pum p Trip . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.O sec 0.5 sec
Break Opening . . . . . . . . . . . . . . . . . . .-0.9 sec ! 0.5 sec. .. ............

Loop No.1 Isolation . . . .19.6 sec 0.5 see.. . ... ... .

Steam Valve Closing . . . . . . . . . . . . . 16.6 sec 0.5 sec....... ...... .

HPCS Activation .. ... . . 26.8 sec 0.5 see.. . . .. ..... . . . ...

L

** Uncertainty On bund 4 pcwer is estemated to be t $%

F.4
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'
,

Tame F-2
sUNDLE POWER

>

.

4

summe

Time Power

(see) (mW)*

4

i 0 2.1
I

1 2.1
i
'

2 2.1

3 2.1

4 2.1
1

5 2.1

6 2.1

7 2.1

8 1.8
-

9 1.6

I 10 1.4

! 12 1.0

14 0.81

16 0.64

18 0.57
j 0.49 |20

25 0.38

30 0.32
r

35 0.27

40 0.23

45 0.21

1 50 0.19

| 60 0.16

70 0.15'

80 0.15

90 0.15

100 0.15

150 0.14'

I 200 0.14

250 0.14

300 0.13

1 350 0.13

400 0.13

600 0.13

800 0.13

1000 0.12'

| 1200 0.12

1400 0.11'

1600 0.11

1800 0.11

2000 0.10

.

.

" Uncertainty on bundle power is estunated to be 15%.

F-5
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Figure F-1. Two Loop Test Apparatus Configuration 58 (TL TA-SB) with Emergency Core Cooling Systems
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APPENDIX G

TLTA SMALL BREAK TEST NO.11

W. S. Hwang, May 1900

INTRODUCTION

The second small break test was conducted in theTwo LoopTest Apparatus (TLTA).The objectives of the test
were to investigate the thermal hydraulic performance of theTLTA with a small break under a degraded ECC systems
condition and to provide a data base from which to judge the adequacy of the models and assumptions used in the
BWR small break analysis method. Relevent background information related to the test can be found in Reference G-
1. This report presents a summary of the test results.

TEST BASIS

The scaling basis for the facility and the test is the BWR/6-218. The current TLTA configuration is designated
TLTA SC (Figure G-1) and is descriNd in detail in References G-2 and G-3.

TEST EXECUTION

The second small break test.6432/R1, was conducted on 5 March 1980. The major initial conditions for the test
were met (Table G-1). Based on the comparisons between meacured and specified initial test conditions, this test
was deemed acceptable.

TEST RESULTS

The system pressure response is shown in Figurc G-2. in the early transient the steam kne valve was used to
automatically control the system pressure at about 970 psia as specified. Flow discharged through the steam line is
shown in Figure G-3. The system pressute began to increase after the steamline closed completely at 166 seconds
and then decreased rapidly due to the iarge steam discharge (Figure G-3) as ADS opened at 286 seconds. The
depressurization led to LPCS and LPCI injections at about 435 taconds (Figures G-4 and G-5).

Figure G-6 shows the bundle power applied in the test. Mixture levels measured in various regions are shown
in Figures G-7 and G-8. In the early transient, the upper plenum level remained near the top of the separator, while the
annulus level response was governed mainly by the pressure transient and loss of mass inventory out of the break
(Figure G-9). The level swell of both inside and outside levels beyond 286 seconds was due to the rapid
depressurization as ALS was activated. It can be seen that shortly after ECC injection began the levels began to

,

increase, indicating mass accumulation in the system (Figures G-10 through G-16).

A mixtura Mvel was observed in the lower plenum and bypass after ADS activated (Figure G-7),even though
the bundle v.as full of two-phase mixture. Figure G-17 shows the fluid density in the bundle. The steam generation
that accompenied the large depressurization from ADS iriitiation led to the occurance of counter current flow
limiting (CCFL) at the s.de entry crifice (SEO) and the top of the bypass. Figure G-18 shows the density distribution
in the lower plenum and clearly shows that the two-phase mixture level was well below the core inlet. The density in
the bypass (Figure G-19) shows that node 14 was only partially filled during the period of 286 to about 465 seconds.
The CCFL at the SEO prevented the bundle mass inventory (Figure G-12) from draining into the lower plenum
(Figure G-13) and contributed to the cooling in the bundle. This effect is ciearly seen in Figures G-20 and G-21 which
show no bundle heatug:, with the rod cladding remaining well conled throughout the transient.

The accumulation of subcooled ECC fluid in L uigass and eventually in the core region led to significant
subcooling of the fluid in the bundle as indicated by the subcooled fluid density (Figure G-17) and the subcooled
temperature (Figures G-20 and G-21) measured on the bundle cladding at ~600 seconds.

G-1
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CONCLUSION
1

The second small break test was conducted successfully in the TLTA. The test procedurc and approach
developed to overccme scaling compromises and fachity limitation proved to be adequate. ~

The test results indicate the CCFL at the side entry orifice at the bundle inlet affects the system behavior
particularily after ADS is activated. This CCFL prevents the bundle mass from draining into the lower plenum and
hence improves cooling in the bundle. No rod heat-up has been observed during the entire test.
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G-1. Letter, R. H. Buchholz (G E) to T. D. Keenan (BWR Owner's G roup) and D. F. Ross (N RC), Verification ofSmall
Break Analysis Model, November 30,1979.

G-2. G. W. Burnette to W. D. Beckner (NRC) and P. Kalra(EPRI), Basis and Conditions for TL TA Smal/ Break Test
No. 2 February 15,1980.

G-3. W. J. Letzring et al.. BWR BDIECC Program Preliminary Facility Description Report December 1977, GEAP-
23592.

G-4. BWR BDIECC Program, Contract No. NRC-04-76-215, Informal Monthly Progress Report for June 1979,
Transmittal, G. W. Burnette (GE) to E. L. Halman (NRC) and C. W. Sullivan (NRC), July 1979.
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Table G-1
COMPARISON OF TEST CONDITIONS

(TLTA Small Break Test No. II)

Specified Measured

Break Size
0.125 0.001 in. diameter 0.125 0.001 M. diameter

Line No.1
Line No. 2 0.153 0.001 in. diameter 0.153 ! 0.001 in. diameter

ADS Orifice Size 0.677 0.001 in. diameter 0.677 0.001 in. diameter

ECCS
Inlet Fluid Temperature 80 15'F 90*F

HPCS deactivated deactivated
HPCS
LPCS activated activated

LPCI activated activated

Initial Condition
Steam Dome Pressure 1050120 psia 13t8 psb

283 6 in. EL 283in.ELWater Level (Outside Shroud';

Bundle Flow (Core Flow) 34 5 lbm/sec 34 lbm/sec

Bypass Flow. Total 1.510.5 lbm/sec 2.1 lbm/sec

Steam Flow 1.4 0.5 lbm/sec 1.6 lbm/see

Bundle inlet Subcooling 23 t 5 F 21*F

Downcomer Tert perature
Above F. W. Sparger T sat 553*F

Below F. W. Sparger (T sat - 23* F) 5'F 532*F

Timings
Pump No.1 Trip 0.0 0.2 sec 0.0 see

Pump No. 2 Trip 4.0 1.0 sec 4.0 sec

Feed Water Trip 0.0 0.5 sec 0.1 see

Break Open Line No.1 t > 140 see 1 see t > 138 see

Break Open Line No. 2 140 4 t G 286 see 138 C t C 286 see

ADS Opening 286 2 sec 286 see

MSIV (Steam Valve) Closure 166 2 see 165 see

ECCS Activated 37 1 sec 37 sec

Intact Recirculation Loop 20 1 sec 20 sec

(No.1) Isolated

i
l
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APPENDIX H

TLTA SEPARATE EFFECTS (BOIL-OFF) TEST

D. Seely Emi R Muretidheren

INTRODUCTION AND OBJECTIVE

The primary objective of the boil-off tests was to obtain data for evaluating heat transfer in a partially
uncovered core. Such an event occurred in the TMI-2 accident which resulted in an as yet undetermined amount of
fuel damage. In a BWR, events leading to a partial core uncovery when the ECCS or other cooling systems are
inoperable have not been identified. However, TMl has stimulated interest in analyzing BWR response to such a
phenomena. Boil-off oue to decay heat feeds to inventory reduction in the core and, subsequently, to the
development of a natural ci@Jlation of rcRtor Coolant.

FACILITY CONFIGURATION

The subject test was performed in the Two-Loop Test Apparatus (TLTA) which is the primary test vehicle used
in the BD/ECC Program. The ccaling basis for the test and the facility le the BWR/6-218 The current TLTA
configuration is designated TLTA SA and is described in detait in Referenca H-1. 1

TEST BASIS

The initial and operating conditicns for the tests were as follows:

System Bundle initial
Pressure Power Level

No. (psla) (kW) (2 Phase) Refill

1 800 10 250 15 Bundle Top No

2 400 1 10 150 15 100 in. above No
BHL 10 in.

3 400 10 250 15 Bundle Top Yes-Maximum

(see below)

4 400 10 4001 15 Bundle Top No

5 200 1 10 250 15 Bundle Top No

TEST PROCEDURE

The system was brought up to system test temperature and pressure approximately 10 minutes prior to test
initiation. The system pressure and bundle power were held constant throughout the tests. All tests except Test 3
were terminated when the upper plenum temperature reached 800'F or the peak bundle temperatue reached 1000 F
(whichever occurred first).* In Test 3, the system was allowed to refill by injecting co!d water into the downcomer
through the feedwater system. The injection was achieved using maximum feedwater rate, approximately 18 gpm.

* These hmits were set to protect the integnty of the test bundre and pressure vessel itself. It is feet that these hmitsdid not compromise the ob ectivesi
of the tes : wh6ch were to provide a heat transfer data-ease ut. der partialty uncovered bundie conditions-

H-1
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TEST ACCEPTANCE

The boil-off tests were conducted in May 1960. Designation for the test series is 6441. The major initial
conditiont for the test were met. Table H-1 compares the specified conditions and actual measured conditions.
Based on the comparisons between measured and specified test conditions, the tests were deemed acceptable.

TEST RESULTS AND CONCLUSIONS

The bundle two-phase level transient was determined from a series of differential pressure measurements
along the bundle. The steam above the two-phase level was seen to become increasingly superheated as the bundle
two-phase level dropped. Figure H-1 shows the upper plenum (superheated) steam temperature time history relative
to the saturation temperature for a typical run (Run 3. Test Point 5).

The deviation of local rod temperatures from system saturation temperature. indicating dry-out at the relevant
elevations, was observed to be approximately 20 to 40 seconds after the two-phase level dropped to the
thermocouple elevation as illustrated in Figures H-2 throggh H-5. Figures H-2 and H-3 show the nodal uncovery
times for nodes 30 and 29 respectively and Figures H-4 and H-5 show the temperature response at the lower end of
each node (115-in. and 103-in. elevation respecuvely).

Figures H-6 a nd HJ show the rod temperatures for two different power runs (400 and 250 kW respectively, but
at the same system pressure) which indicate the rates at which thisundle two-phase level drops. As expected, the
level in the higher power run (Run 3) drops at a pproximately twice the rate as the lower power run (Run 6). In Run 6
me system was reflooded using feedwater, and the sequential fi!!ing of the oundle nNes and the mixing plenum are
presented in Figures H-8 and H-9. Figure H-10 ts typical of the turn-around in the rod temperatures following the
bundle fevel recovery subsequent to the activation of the feedwater. The bundle mixture level transients determined
from the differential pressure and temperature responses are shown in Figure H-11.
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Tet4e H-1
COMPARISONS OF TEST CONDITIONS

Specified Conditione Heesurad CondWona ~

Test Bundle initlei System Bundle lattial
Run Test System Power Level Pressure Power Level

No. No. Point Pressure (kW) (pele) (pole) (kW) (2-Phase)
,

'
1 7 5 800 110 250 115 Bundle Top 790*j* 250 1 Bundle Top

2 3 4 400 10 150 115 100 in. above
BHL 210 in. 393 15 150 11 103 15

3 6 1 400 110 250 115 Bundle Top 395*_1 250 12 Bundle Top

4 3 5 4D t10 400 !15 SundN Top 394 13 400 11 Bundle Top $
$5 5 9 ,0 10 250 115 Bundl( Top 19522 250 11 Bundle Top g

ce

* This test is acceptab6e ici tnat the pressure is head nearly constant at 393 pasa
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