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LEGAL NOTICE

This report was prepared by the General Electric Company as an account of work
sponsored by the Nuclear Regulatory Commission, the Electric Power Research
Institute, and the General Electric Company. No person acting on behalf of the
NAC, the Institute, or members of the Institute, or General Electric Company:

A Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefuiness 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

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

Blowdown/Emergency Core Cooling work completed in the third quarter of 1979
{July 1, 1979 through September 30, 1979) is summarized. During this quarter
shakedown of the TLTA-5A vessel was completed and the first two matrix tests of
the present series were conducted. The results from these two tests are being
evaluated. Analytical effort in support of planning for the small break scoping test
s near completion.
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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 temperatures
below 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 he able to predict system performance during a LOCA.
Since this type of information is not obtainable from tests on actual reactors, scaled system test programs are used
to provide basic system performance information The BWR Blowdcwn/Emergency Core Cooling (BD/ECC)
Program' extends the scope of the BWR Blowdown Heat Transfer (BOHT) 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), Electric Power Research Institute (EPRI), and General Electric (GE), to
obtain information on transient heat transfer following an uniikely, 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 s 'stem configurations which have calculated
performance characteristics similar to a BWR with 8x8 fu el bundles during a hypothetical LOCA, and

2 determine the degree to which models .or the BWR systi m and fuel bundles describe the observed
phenomena and, as necessary, develop improved mode:s which are generally useful in improved
LOCA analysis methods.

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

1.3 ORGANIZATION OF THE PROGRAM

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

14 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' and 8x8 BDHT test plan? (Task AA).*

2 An evaluation of electric heaters for use in the BD/ECC Program (Task B8)
3 Issuance of report on the transient thermal-hydraulic model, MAYUO4 ?

4 Distribution o1 tacility description report* for the BD/ECC1A phase

5. Issuance of revised BD/ECC1A test plan ®

6 64-Rod Bundle Test Topicai Report comp’ .ted.

* See Appendix A for task description
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The shakedown of the Two-Loop Test Apparatus (TLTA-5A) with a new 64-rod bundle in place was completed
during this quarter Subsequently the first two matrix tests of the present series were carried out

Evailuation of the test data from the above matrix tests has commenced. Preliminary examination of the data
indicates much lower rod heatup than in the previous tests.

The analysis in support of the small break scoping lest was accelerated. A tentative set of test conditions has
been selected for the proposed scoping test. These efforts were directed towards mitigating the scaling
compromises inherent in the present TLTA design for small break simulation



2. PROGRAM PLANNIN 3 AND ADMINISTRATION

Following the Program Management Group (PMG) review of the TLTA configuration suggested for the
BOD/ECC-1B phase, the cost and schedule estimates were revised to reflect the imposed “non-LOCA"
requirements.” escalation due to obtaining concurrence, and to refiect a more realistic period for test performarice.
It was conciuded that it was no longer possible to complete the suggested BD/ECC-18B phase within the contract
schadule and allocated funds. Other alternatives were developed and are being evaluated.

* The NRC required that sufficient analyses be completed 1o assure that modification to the TLTA would not jeopardize the potential for “non-
LOCA" transient simulation Non-LOCA transients include feedwater and recirculstion flow transients. pressurizing events. etc
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3. EXPERIMENTAL WORK

31 BD/ECC —~ 1A TESTING

The first two matrix tests of the present series were conducted in TLTA-5A The first of these was an average
bundle power test without ECC (designated as test No 6421) The second test was a reference test with ECC
injection. This test can be characterized as averaged bundle power and average ECC flow and fiuid temperature The
next test planned will have peak power in the bundie, low ECC flow rate and high ECC fluid temperature
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4. ANALYTICAL EFFORT

41 BD/ECC-1A DATA EVALUATIONS

Results from the first two matrix tests are being svaluated. The data show heater rod temperatures much lower
than measured previously in similar tests. Bundle and bundle bypass fluid inventories differ from previous results
and bypass flow rates are also changed as a result of the improved bypass simulation The lower bundle
temperatures are a result of both the changes made (improved typicality of core bypass flow geometry and more
typical decay heat simulation)

The evaluatior. summary of the BD/ECC-1A data is included in Appendix C of this report

Two additional analyses completed during this guarter were those of steam separator pressure drop and
TLTA bresk flow. These analyses were issued as attachments to the June 1979 Forty-Fourth Monthly Report

Anaiysis effort continued in support of planning for the small break scoping test. An existing system analysis
method is being used to evaluate known TLTA scaling compromises and various means proposed to mitigate these
compromises for small break simulation.

A pretest assessment of the response of the modified 7LTA has been made The assessment was made for the
reference test (average nower, nominal ECC flows and temperatures) and was distributed along with the August
Forty-Sixth Monthly Report.

4-1/4-2
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5. TWO-LOOP TEST APPARATUS

Work on the TLTA during this quarter mainly consisted of the checkout of all differential pressure instruments.
the Metrascope (for visual display of bundle temperatures) and the new wattmeter Shakedown testing, including
an advabatic blowdown, was completed

5-1/6-2
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APPENDIX A
WORK SCOPE FOR BD/ECC PROGRAM — CONTRACT NO. NRZ-04-76-215

OVERALL PURPOSE
The purposes of the EPRI/NAC/GE Integral Blowdown/Emerge~cy 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 bundies during a hypothetical LOCA. and

determine the degree to which models for BWR system and fuel bundles describe the observed phenomena. and as
necessary, develog improved models which are generally useful in improved LOCA analysis methods

SPECIFIC OBJECTIVES
The spacific otjectives of the integral BD/ECC intaraction test program are

1

SCOPE
Task AA —

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

7x7 Counter-Current-Flow-Limited (CCFL) Ficoding Characteristics: conduct CCFL flooding charactenstic tests
of the present TLTA bundle geometry to establish the need, or lack thereo! to modify the present test apparatus
design for the initial BD/ECC interaction experiments

8x8 Blowdown Heat Transfer Tests: conduct Bx8 BOHT tests for comparnison with 7x7 BODHT gata and to serve as a
BODMT paseline tor BD/ECC interaction experiments

BOD/ECC \nteraction Tests: evaluate system response and heat transfer and evaluate effectiveness of ECC during
the blowdown period, and extending well beyond the initial flow coastdown and lower plenum “flashing” periods of
the calculated BWR-LOCA in one or more system configurations

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

Non-Jet Pump Plant BD/ECC: investigate the ECC interaction with the system during blowdown in a representative
noa-jet pump test system configuration

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

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

Applicstion of Data: specify how General Electric intends 10 use the dai. to quality the deg-ee of conservativeness
of BWR LCCA evaluation models

Program Planning and Aaministration

General Electric will prepare a Preliminary BO/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 rangrs. (&) updated concepiual 9esig s and testing strategies.
(d) an outline of model development and verification activities, and (e) the method of relating previous 7x7 rod bundle
data to the 8x8 rod burdle data Sufficient discussion of the above items will be included to substantiate the basis for
the preliminary progtram plan The program pian will aiso include an updated schedule, a proposed data verification
and reporting plan, and the planned utilization of data by Ge: era! Electric to assess current BWR LOCA evaluation
methods

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

Following mutual agreement on the resuits from Task AA-1, and the appropriate phase of Tasks 8B and CC-1,
General Electric will prepare a detailed test plan for each major testing ohase Eacr detailed test plan w !l include the
test objectives, test phase description, test matrices, parameter ranges and reasons for selection, test execution pian,
planned utilization of the data, and the planned schedule for completing that phase

Tne preliminary test plans will be piovided 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 scheduie, General
Electric may proceed as proposed



Task BB — Heater Evaluation

1 Perform appropriate analysis relating 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
slectrical power to produce representative BWR LOCA tharmal response and will describe how differences in thermal
properties are accounted for in the electrical simulations

? Evaluate the need for tests to demonsirate the validity of the above analyses The heater evaluation including
documentation of the above item will be provided by EPRI and NRC review comment and approval on an agreed upon
time sc Jdule If comments are not supplied to General Electric by EPRI or NRC within the agreed schedule. General
Electric may proceed as proposed

Task CC — Test Facllity Lesign and Fabrication

1 Scaling and design analyses to define each system con'iguration will be performed and documented. Particular
attention will be giver: to aitaining a real time simulation of caiculated BWR system and fuel bundie thermai-hydraulic
LOCA response

Design trade-off and scaling compromise studies will be performed to estabiish the final scaling basis to be used for
design and operation of each configuration Appropriate analytical methods inciuding, but not necessarily 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). lower 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 analyss
Measurement requirements to obtain program objectives, including type. number, location and accuracy ot
instruments will be specitied and an instrumentation plan to meet these requirements will be developed A preliminary
Facility Lescription 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 1o 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 necessary matenal for each configuration wili be completed and the system will
be prepared for calibration testing

Task DD — Test Section Design and Febrication

Upon completion of Task BB and an evaluation of the BDHT test section counter-current-fiow-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 Facilit 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 effects . sts necessary to provide the basis for
interpretation of BD/'cCC experimental resuits

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 precictions of
system response as appropriate

2 Upon completion of a specified test series, reduce, evaluate, and report the experimental data Provide the
experimental basis for contirming or moditying the assumptions and modeis used in LOCA evaluations such as the
onset of bolling transition (BT), the subsaquent heat transter rates, etfects 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 approj riate, develop and document improved analytical models, which can be incorporated into best estimate
analyses of BWR LOCA's This will inciude, but not be limited to, the development of a self-standing transiert thermal-
hydraulic model for the prediction of local thermodynamic parameters in rod bundles during LOCA’'s. These local
parr meters are necessary for the phenomenological understanding and correlation of local heat transfer coefficients
Valuas for local heat transfer coefficients are desired which may be expressed as a function of local conditions such
as temperature d.iferences, flowrates, pressure and quality

4 Indicate how the data obtained can be used 10 assess current BWR LOCA evaluation models including a quantitive
determination of safety margins.
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APPENDIX B

BD/ECC PROGRAM REPORTS

8.1 LIST OF REPORTS PREPARED AS PART OF THE BWR BD/ECC PROGAAM DOCUMENTATION

Report No./Type Titie/ Author(s) Principal Contente
GEAP-21207 BWR 8x8 Fuel Rod Simulation Analysis of electrical
informal Using Electrical Heaters, heaters to simulate
J4 P Dougherty, R J Muzzy, nuclear fuel rods
March 1976
GEAP-21304-1 BWR Blowdown/ Emerg ncy
Quarterly Core Cooling
First Quarterly Progress Re-ort,
January 1-March 31, 1876
GEAP-21255 Preliminary BWR Blowdown/ Design consigeration
Topical Report Emergency Core Cooling leading to various
Program Plan, test configurations
R J. Muzzy, June 1976 Test parameters and
ranges Test strategy
GEAP-21304-2 BWR Blowdown/Emergency
Quarterly Core Cooling
Second Quarterly Progress Report,
April 1-June 30 1976
GEAP-21333 64-Roc* wundle Test matrix and tes!
Topical Report BOHT Test Plan, strategy for 8x8 plan
J P Walker,
September 1976
GEAP-21304-3 BWR Blowdown/Emergency
Quarterly Core Cooling
Third Quarterly Progress Report,
July 1-September 30, 1976
GEAP-21304-4 BWR Blowdown/Emergency
Quarterly Core Cooling
Fourth Quarterly Progress Report,
October 1-December 31, 1976
GEAP-21304-5 BWR Blowdown/ Emargency
Quarterly Core Cooling
Fifth Quarterly Progress Report,
Jenuary 1-March 31, 1977
GEAP-21304-6 BWR Blowdown/Emergency
Quarterly Core Cooling
Sixth Quarterly Frogress Report,
April 1-June 30, 1977
GEAP-21304-7 BWR Biov Jown Emergency
Quarterly Core Cooling
Seventh Quarterly Progress Report,
July 1-September 30, 1977
NEDG-NUREG- TLTA Components CCFL Tests Resulits of CCFL testing of
23732 D D Jones, December 1977 TLTA-1 and- 3 core inlets and

TLTA jet pump. Results of
single phase liquid pressure
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B.1 LIST OF REPORTS PREPARED AS PART OF THE BWR BD/ECC PROGRAM DOCUMENTATION (Continued)

Report No./ Type Title/ Author(s) Principal Contents
drops across TLTA-3 core inlet
and single phase reve:se flow
steam pressure drops across
TLTA jet pumps

GEAP-23592 BWR Blowdown Emergency Detailed description

Core Cooling Program of TLTA contiguration
Preliminary Facility for BD/ECC-1A
Description Report for
the BD/ECC-1A Test Phase
W J Letzring, editor,
December 1977
GEAP-NUREG- BO/ECC 8th Quarterly
21304-8 Progress Report
October 1-December 31 1677
GEAP-NUREG BD/ECC 9th Quarterly
21304-9 Progress Report
January 1-March 30, 1678
GEAP-NUREG- BWR Blowdown/Emergency Test matrix and test
21638A Core Cooling Program strategy for BD/ECC1A
64-Rod Bundle Core Spray phase
Interaction (RD/ECC1A) Test Plan,
J. C Wood and A F. Morrison,
February 1978
GEAP-21304-10 BWR Blowdown/ Emergency
Quarterly Core Cooling
Tenth Quarterly Progress Report
April 1-June 30, 1978
GEAP-21364-11 BWR Biowdown/Emergency
Quarterly Core Cooling
Eleventh Quarterly
Progress Report
July 1-September 30, 1978
GEAP-NUREG- 64-Rod Bundie Blowdown Topical report covering
23977 Heat Transfer (8x8) Final biowdown heat transfer
Report without ECC injection
September, 1978
GEAP-NUREG- BWR Blowdown/Emergency
21304-12 Core Cooling
Twelfth Quarterly Progress Report
October 1-Decembe: -* 1978
GEAP-NUREG- BWR Blowdown/Emergency
21304-13 Core Cooling
Thirteenth Quarterly
f rogress Report
January 1-March 31, 1979
GEAP-NUREG- BWR Blowdown Emergency
2130414 Core Cooling
Fourteenth Quarterly
Progress Report

April 1-June 30, 1979
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8.2 LIST OF REPORTS PLANNED AS PART OF BWR BD/ECC PROGRAM DOCUMENTATION

Title Prircipal Contents
BD/ECC1B Test Preliminary plan and tost
Plan strategy for BD/ECC1B testing
BO/ECC ' Detailed description of
Facility "« ption TLTA contiguration for

BO/ECC1B

BD/ECCIA Hesults from BD ECCIA
Final Report testing
Final BD/ECC Summary and Conclusions
Report trom BO/ECC program

* As a result of program redirection by PMG. schedule subject to revision

“* Original But Book sstimate dates — subject 10 revision

B-3/8-4

Scheduled Date

July 1978°

October 1978°

November 1978**

April 1981**



A JENDIXC
SUMMARY OF TLTA TEST WITH ECC INJECTION
L.S Lee

:1 INTRODUCTION

The Piowdown/Emergency Core Cooling (BD/ECC-1A) phase of the BD/ECC Program was intended to

ninformation on the effect of ECC injection on boiling water reactor (BWR) system responses The original test
- dentified a matrix of 20 tests Six of these tests were selectedC-? by the Program Management Group (PMG)
pe the outcome of the test series

Four matrix tests plus a repeat of the reference test withcut ECC injection were completed by September

- '8 Preliminary results were presented 1o the program sponsors and the Nuclear Regulatory Commissicn (NRC)
staff in the ensuing months. Deta: 9d results, interpretations, and conclusions from these tests were presented to the
PMG in March 1979 and to the NRC staff in May 1979. This report summarizes the material previously presented

The report is organized in three sections. The first section summarizes the scenario of the reference tests
(average bundle power, average ECC injection). The next section summarizes the differences between tests with
and without ECC. The last section summarizes highlights of other tests.

C.2 SCENARIO DESCRIPTION CF RESPONSES

System responses are discussed in this section. The configuration of the test apparatus is highlighted first.
Controlled parameters that are imposed on each test are outiined. The reference test (6406/Run 1) scenario is
described with the aid of a series of qualitative sketches referred to as “snap shots ' Detaiied quantitative
measurements are presented to substantiate the descriptions.

C.2.1 TLTA Configuration

The two-loop test apparatus configuration 5 (TLTA-5) was used to conduct the BD/ECC-1A tests Details of
TLTA can be found in the Description Report ©-3 A schematic diagram is presented in Figure C-1_Salient features of
TLTA-5 are

the inteyral system,

full size bundle,

full power,

prototypical pressure and temperature. and
the Emergency Core Cooling System.

C.22 Controlled aramelers

Controlied parameters refer to thy se quantities whose trarsient responses are designed and controlled to be
similar to those predicted for a reac.or counterpart. Included and shown in Figure C-2 are bundle power, steam lin~
flow, ECC injection tlow characteristics, and drive pump coastdown.

S

The bundle power, ECC pump-rated flow conditions and the temperature of the ECC water are parameters in
the BD/ECC-1A test Table C-1 shows tha variation of parameters in tha matrix tests.

The steam line flow (Figure C-2a) is controlled during tests ; *..c response of the pressure control vaive. This
valve closes and opens in response to the vessel pressure. The se. point for the vaive was 1050 psi. The valve closed
completely at ~12 sec for the reterence test (Figure C-2a)

The ECC injections in the reference testare shown in Figure C-2b. The High Pressure Core Spray (HPCS) was
activated at 27° sec: injection begins immediately The Low Pressure Core Spray (LPCS) and Low Pressure Coolant
Injection (LPCI) were activated at 37" sec. actual fluwbeginsat 76 sec for LPCS and 88 sec for LPC Both the timings
and the ECCS pump operating characteristics were designed“* to simulate the characteristics of the BWR ECCS

‘ From tha instance of break initiation

C-1



Tast No.

6007/26%

6405/3
6406/1°

* Hepeate) as 64063

b Reterence Test

Tast No.

6401/4
6414/3

TABLE C-1

TEST PARAMETERS FOR BD/ECC 1A TESTS

ECC Flow Varlation Tests

Prwer ECCS Flow
505 Mw No
£.05 MW Low
505 MW Average

Power Varlation Test's

Power ECCS Flow
162 MW High
£ 49 MW Low

c-2

ECC Temperature

120°F
~120°F

ECC Temperature

-~ 1200‘
~200°F
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The bundle power transient is shown in Figure C-2c. The power suppled to the tundle was programmed to
simulate the stored heat and fission decay heat (based on ANS + 20%) of a BWR bundle The capability of the
mechanical controller had limited the ciose simulation to only 50 secunds. Beyond that time, the power supply was
held constant. It becomes increasingly higher thar: the fission decay heat calculated from ANS + 20% reaching ~1.8
times the ANS value at the end of the test (—300 sec) A detailed discussion of the bundle power supply has been
reported previously ©5

Coastdown of the intact ioop drive pump begins immediately in response to the loss of power (Figure C-2d)
Tre response of pump coastdown is governed by the inertia of the rotating components The inertia of the test pump
has been designed to simulate that of the BWR counterpart

C.2.3 Scenario of Reference Test

C.2.3.1 Early Responses

The responses from BD/ECC-1A tests, before HPCS injection at 27 sec, are similar to those of the previous,
8x8 BOHT tests (with no ECC). The early responses are governed by the liquid level in the downcomer region
(Figure C-3a). This level reaches the jet pump suction plane at 7 6 sec and the recirculation line suction inlet at about

‘105 seconds (Figure C-3a).

The bundle inlet flow drops in response to the loss of jet pump flow in the broken loop. it then coasts down
(Figure C-3c) following the drive pump (Figure C-2d). The flow reaches a near zero value when the jet pump suction
is uncovered at ~7 6 sec. The flow surge associated with lower plenum flashing occurs at —~11.8 seconds, shortly
after recirculation line suction uncovery

The system depressurizetion rate increases after the recirculation line suction uncovery (Figure C-3b) due to
the increased volumetric discharge that accomplishes this transition from predominantly liquid to vapor blowdown

C.2.3.2 "Snap Shots” Presentation

A series of pictorial depictions — snap shots — of the system at selected instants of the transient is
presented in Figure C-4. These snap shots convey an overview of the thermal-hydraulics responses of the TLTA
sequentially. They show the qualitative characterization of the conditions in the system and are backed up with
detailed, quantitative plots as appropriate.

The first snap shot (Figure C-4a) depicts the system conditions at the onset of HPCS injection which occurs at
~27 seconds from the time of the break in the recirculation line This instant is a demarcation of difference in
boundary conditions between tests with and without ECCE. Substantial mass inventory is seen in the upper plenum
(see also Figure C-5 for detail). This inventory was transferred there as a result of lower plenum fiashing (LPF) which
redistributes fluid from the lower plenum to the core and the upper plenum. An apparent continuum of liquid (or two-
phase mixture) keeps the bundle in nucleate boiling (see alsz Figure C-6 for thermal response details)

As the blowdown proceeds and mass inventory continues to deplete from the lower plenum, the receding two-
phase level reaches the jet pump exit plane ut ~34 seconds as shown in Figure C-5. The flashing lower plenum fluid
discharges with increasing vapor fraction through the jet pumps. The void fraction in the jet pump increases,
reducing the hydrostatic head and therefore the pressure difference across the jet pump. Accordingly, the pressure
drop across the bundie path, which is in parallel with the jet pump path, also decreases. This decreased pressure
difference reduces the vapor upfiow and correspondingly the holdup of liquid, due to counter current flow limiting
(CCFL), within the bundle. The liquid continuum within the bundle is no longer sustained, and the level drops below
the bottom of heated length (BHL) at ~40 seconds (Figure C-4b and also Figure C-5 for detail).

At 40 seconds (Figure C-4b), the bundie is filled by a vapor continuum in place of the liquid continuum. Heater
rods begin to dry out and bulk heatup occurs (see Figures C-6a and C-6b for detail). By contrast, the upper plenum
inventory remains essentially unchanged during this period: HPCS replenishes the loss while CCFL prevents
complete draining into bundle or bypass.

The vapor flow at the top of the bundle diminishes with the reduction in vapor upflow from the "+~ r plenum
through the bundle. Another contributing factor is the reduction in heat transfer that accompanies the ioss of the
liquid continuum

C-5
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The CCFL conditions at the upper tieplate shift in response to reduced vapor flow from the bundie.
Accordingly, an increased amount of liquid drains into the bundle (Figure C-4c). and a few of the previously dired-
out rods are seen to rewet. During this pe:iod (—64 seconds), rewetting is limited to the upper portion of the bundle

The LPCS injection begins at ~7b seconds. The injection rate increzses toward the rated flow as the system
pressure decreases. The upper plenum inventory is maintained by this LPCS mass influx in conjunction with that of
HPCS. The vapor upflow from the lower plenum, in the meantime, diminishes as the rate of system depressurization
decreases The liquid downflow at the upper tieplata increase ; as the CCFL conditions shift at ~90 seconds (Figure
C-4) Rewetting of previously dried-out thermocoupte locatic.is are seen at the bottom as well as the upper part of the
bundle

Also at 90 seconds, LPCI begins to flow into the bypass region in an increasing amount (until rated flow has
been reached). The net vapor outflow from this region decreases as the influx of subcooled ECC water condenses
some of the steam The CCFL condition at the bypass outlet shifts to allow the liquid in the upper plenum to drain
more rapidly into the bypass region (Figures C-4e and C-7). More fluid i1s now in the bypass region and less in the
upper plenum. The hydrostatic head is, therefore, increased in the bypass relative to the bundle. Therefore, more
vapor flows through the bundle until the pressure drop across the bundle equalizes the hydrostatic head in the
bypass region. The increased vapor upflow contributes to an increase in bundie heat transfer which results in a
decrease in the bulk lieatup rate at ~105 seconds (Figures C-6a and C-6b)

As the bypass region is being filled, some liquiu drains into the guide tube and, alternatively, into the lower
plenum The mixture level in the lower plenum rises. This level rises steadily and at a faster rate after the guide tube is
completely full The jet pump exit becomes sealed by the rising mixture 'evel at ~150 seconds (Figure C-4f). As the
mixture fills the jet pump, the hydrostatic head and hence the pressure drop across the jet pump increases. The
pressure drop across the bundle increases correspondingly with increased vapor flow from the lower plenum The
increased vapor flow contributes to a further increase in bulk h=at transfer that results in the decrease in bundie heat-
up rate noted in Figures C-6a and C-6b at 150 seconds.

The bundle begins to reflood as the lower plenum level continues to rise at a more rapid pace after the bypass
region has become fu!! (Figure C-4g) The reflooding of the bundle results in rapid quenching below the mixture level
(see Figures C-6a and C-6b). The extent of the bundie reflood is limited to the height corresponding to the jet pump
suction plane (see Figure C-7 for additional details). The mixture level reaches its height limit at ~220 seconds. The
system 1s maintained at quasi-steady state for the balance of the test which ends at ~300 seconds

C.2.4 Detailed Responses

The details of responses shown in Figures C-5 through C-7 were the bases from w'.ich the scenario for the
reference test was constructed Certain details in these figures have been cited in the preceding discussion.
Aaditional observations are discussed here

The two-phase mixture levels (Figure C-5) are based on differential pressure measurements as well as
conductivity probes The lower plenum ievel reaches the jet pump exit planc at about 34 seconds. The level is
maintained at the jet pump exit until the bypass fills (Figure C-7) The jet pump exit height thus plays a major role in
system responses, as will be discussed later (Section C.3)

Plots of nodal density (Figure C-8) provice ‘nformation on system inventory distribution. The nodal density of
the heated length is seen to be highly voided after 40 seconds. Only the node below the heated langth, Noc2 21, and
the top node which includes the upper tieplate and part of the upper plenum, Node 31, show any significant liquid
inventory

C.3 COMPARISON OF TESTS WITH/WITHOUT ECC

Comparisons of data from average-power tests with and without ECC are made in this section. Data from Test
6406/R1 (average power, average ECC) will be compared with those from Test 6406/R3 and/or Test 6007/R26
(average power, no ECC)
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The system depressurization rate is seen to be lower for the test with ECC after approximately 65 seconds
(Figure C-8). The cause of this difference is discussed at length in Reference C-6 It is shown there that the flow
emanating from the lower plenum for the test with ECC has a higher moisture content as well as a higher discharge
rate through the jet pump. The combined effect is a sequential reduction of volumetric flow through,. first, the drive/
blowdown line and then the suction/blowdown line Slower depressurization results from these lower volumetric
tlows through the breaks

The system mass inventory is higher, as expected, for the test with ECC _In the upper plenum (Figure C-10a),
the fiuid is prevented from completely draining due to CCFL at the upper tieplate In the test without ECC. the
inventory there depietes steadily as it continues to flash throughout the transient. in the test with ECC, the core spray
maintains the inventory until ~100 seconds At that time, the LPCI has taken effect in the bypass region to reduce the
vapor upfiow and therefore aliows the upper plenum fluid to drain into the bypass region (see also Section C 2). The
ECC injection rate is given in Figure C-10d

The bundie mass inventories for the two tests are virtually the same (Figure C-10b). in both tests, the bundle is
filled with a vapor continuum after ~40 seconds The mass inventory is derived from the bundle pressure drop
measurements which show nearly identical responses for the tests with/without ECC (Figure C-11). The transition
from liquid to vapor cantinuum is shown to occur between 34 to 40 seconds. in the test with ECC, reflooding causes
liquid accumulation in the lower part of the bundle iater in the transient (~200 seconds).

The lower p'enum mass for the test with ECC is maintained rather constant from 35 seconds to 120 seconds
(Figure C-10c) The fluid discharged through the jet pump is balanced by the ECC fluid draining from the upper
plenum. For the test without ECC, in contrast, the mass inventor y in the lower plenum depletes continuously as the
uid flashes off throughout the transient.

The bypass region mass inventories for the two tests are similar prior to LPCI injection (Figure C-10e)
Following the LPCl injection (-90 seconds), the bypass region refills for the test with ECC This filling becomes more
rapid as the core spray fluids drain from the upper plenum

The guide tube mass inventories (Figure C-10f) also show similar response Discernible difference between
the tests occ rs when ECC fluid in the upper plenum begins (~75seconds) to drain into and accumulate in the guide
tube

The responses ‘~ the guide tube and especially the bypass region are important in understanding the related
response in the buna... Thisis because the bypass region and bundle are paraliel paths connecting the lower plenum
to the upper plenum. The bypass region dominates the hydraulic response along the path since there is more mass
inventory there

The two-phase levels at different regions in TLTA are shown in Figure C-12. The level plots provide
information on fluid distnibution along each flow path and within each region. They are derived from detailed
differential pressure measurements Measurements from conductivity probes (level probes) are also used as
supplementary information

The uppor plenum two-phase levels refiect the mass inventories shown in Figure C-10a. In the case with ECC,
the mixture level holds up longer because of the cc ‘e spray fluid

The mixture level in the bundle drops to the vottom of the heated length at ~40 seconds The level remains
below the heated leng*h until later when the bundle refloods in the case with ECC

The lower plenum mixture level falls rather rapidly after lower plenum flashing, reaching the jet pump exit
plane at 34 seconds. The level in the test with ECC lingers at this elevation until it rises later in the transient (~120
seconds) In contrast, the level for the test without ECC falls and holds momentarily atthe exit plane then falls below
the jet pump exit at 65 seconds.

In the bypass region, the levels for the two tests are initialiy similar. For the test with ECC, the level rises later
(~98 seconds) as the LPCI flows and the spray fluid drain into the region. Similarly, the level in the guide tube rises
later for the case with ECC

As a consequence of the difference in hydrauiic responses for the twa tests the thermal responses are also
different In the test without ECC, bundle rewetting and heat-up rate reduction are not ubzerved
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The thermal responses for the two tests are compared in Figure C-13. The lowsr part of th2 bundie (Figure C-
13a) is cooler in the test without ECC for the first —~100 second's. This is consistent with an eariier observati.n (Figure
C-12) that the mixture leve! stays longer there for that test

Responses from the upper part of the bundle (Figure C-13b) provide evidence of improved heat transfer with
ECC. A temperature difference of 375° is seen at ~150 seconds between the tests at 90-in. elevation — location of the
peak cladding temperature for the test without ECC

C.4 HIGHLIGHTS OF SIGNIFICANT DIFFERENCES OF OTHER TESTS WITH ECC INJECTION

C.41 Average Power, Low ECC Test (6405/Run 3)

Responses from this test are, in general, similar to those from the reference test as can be seen from Figure C-
14 The system pressure of the two test with ECC starts deviating from that of the test without ECC at ~65 seconds.
The difference, as has been mentioned in Section 3, is due to higher liquid content in the break flow through the
drive/blowdown line. The difference at ~100 seconds between the two tests with ECC is due to the same effect, i e,
difference in liquid content in the break flow through the suction/blowdown line. The lower ECC flow results in lower
liquid fraction in the downcomer region at that time.

The lower ECC injection also causes a slower system refill as expected. Nevertheless, the responses and
phenomena observed arn similar. The overall thermal response of the bundle shows that less ECC fluid results in
higher cladding temperature at the peak power plane (Figure C-15).

C.4.2 Peak Power, Low Flow and High Temperature ECC Test (6414/Run 3)

The parameters for this test were intentionally chosen to provide an uppe bound, bundle heat-up response.
The ECC system was degraded to have low flow, high temperature for the test conducted with peak bundle power
(6 49 MW). Nevertheless, the system response from this test is comparable to that irom the average power, average
ECC test. The hydraulic response of the bundie for the peak power test is similar to that of the average power &s
shown by the comparison of pressure drop across the bundle (Figure C-16). Because of the higher bundie power, the
temperature response of the bundles is different, as can be seen from Figure C-15. It is seen that the peak power
bundle hi s higher temperature as expected. A temperature difference of ~450°F is observed at ~170 seconds whan
the peak power test was terminated

C.43 Low Power, High ECC Test (6401/Run 4)

The goal of this iow power (1.62 MW), high spray flow test was to obtain a data base of system response with
particular emphasis on draining of the upper plenum through a peripheral-power bundle. Significant differences of
hydraulic responses are seen in this test as compared with the reference test. The differences are:

1 more liquid drains into the bundie due to the combined effect of higher spray flow and lower bundle
power,

2 CCFL at side entry orifice holds up liquid in the bundle throughout the test;

3 the bundle is kept well cooled (below 600°F) throughout the transient (Figure C-15) due to the liquid
holdup; and

4 subcooling of the upper plenum fluid leads to CCFL breakdown and rapid draining into the bundle

‘NOTE The time delay of 27 sec for HPCS and 37 sec for LPCS is designed to simulate the startup of diesel generator and opening of valves
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