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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 NRC,
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 usefulness of the information containedin this report,
or thatinformation, apparatus, method or process disclosedin this report may not
infringe privately owned rights, or

B. Assumes any habilities with respect to the use of, or for damages resulting from
the use of anyinformation apparatus, method orprocess disclosedin this report.
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ABSTRACT

Blowdown / Emergency Core Cooling wo.' completed in the fourth quarter of 1978
(October 1,1978 through December 31,197;'s is *nmmarized. The 64-Rod Blowdown
Heat Transfer Test topicalreport was completed, Verified data packages forpeak and
average power bundle tests were completed. A preliminary analysis of the compari-
son between tests conducted with and without ECC injection was completed. No
experiments were run during this quarter. The TLTA was disassembled and the heater
bundia removed. Reassembly has been deferredpending PMG approval. Simulation
of the TLTA loop using the TRAC code was begun.
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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 dunng 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 LOCA. Since this type of inforrr- b an is
not obtainable from tests on actual reactors, scaled system test programs are used to provide basic system perarr.ance
information. The BWR Blowdown / Emergency Core Cooling (BD/ECC) Program' extends the scope of the BWR Bloe down
Heat 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 Oi. TCTIVES

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 informa-
tion 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 configuraticas which have calculated performance
characteristics similar to a BWR with 8x8 fuel bundles during a hyr,athetical LOCA: and

2. determine the degree tc which models for BWR system and fuel bundles desenbe the observea phenomena
and, as necessary, develop improved models 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 LOCA.The scaling and design ot'jectives are to provide a
test apparatus for investigating, on a r, al 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 Drogram 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 8.

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. Formulate, of program plan' and 8x8 BDHT test plan'(Task AA).*

2. An evaluation of electric heaters for use in the BD/ECC Program (Task BB).

3. Issuance of report on the transic 1t thermal-hydraulic model, MAYUO4.3

4. Distribution of facility description report * for the BD/ECC1 A phase.

5. Issuance of revised BD/F CI A test plan.5

',6. 64-Rod Bundle Test Topical Report completed. - '' '

'See Appends A for task desenpton

1-1
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During the fourth quarter, verified data packages were issued for the BD/ECC1 A Matnx Tests 6 (average bundle
power) and 14 (peak bundle power). Measurement venf cation and data evaluation for other tests are continuing

A preliminary analysis of the differences between tests with and without ECC infection has been completed.

The two-loop 'est apparatus (TLTA) was disassembled and the heater bundle was removed. Reassembly was
delayed pending the Program Manageme7t Group's (PMG) approval.

The TLTA test loop has been set up on the Transient Reactor Analysis Code (TRAC), Evaluation of the TRAC code
simulation of the jet pumps, separator and entical flow nozzle was begun.

t ,
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2. PROGRAM PLANNING AND ADMINISTRATION

The program plan for the fourth quarter was consistent with the PMG's direction as follows:

1. To chang 'he emphasis from testing to data evaluation with Use focus oeing on understanding the
phenomen;)

2. Defer procurement of the BD/ECCIB hardware pending further evaluation of alternate configurations that
would improve the simulation.

3. Use the TRAC code for TLTA analysis.

n:, , . .
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3. EXPERIMENTAL WORK

3.1 DD/ECC1 A TESTING

No tests wer ; run during the fourth quarter. This was consistent with the PMG's decision to concentrate on data
evaluation rather than testing.

-,
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4. ANALYTICAL EFFORT

4,1 BD/ECCI A DATA EVALUATION

Data reduction, measurement venfication, and evaluation of the ECC injection data continued during the reporting
penod. The main emphasis was placed on understanding the phenomena in the TLTA and the observed differences between
tests with and without ECC injection.

Data packages were issued for Matnx Test 6 (reference Test 6406 Run 1; average power, nominal ECC flow
conditions) and Matrix Test 14 (peak power Test 6414 Run 3, peak power, low ECC flow, high ECC temperature). See Table
4-1.

The main conclusions reached to date regarding the average power test (Matrix Test 6) are summarized below. The
TLTA test with ECC injection results in lower depressunzation rates than observed without ECC injection. A companson of
the effects of ECC injection is shown ir' Figure 4-1. The decrease is observed because the condensation of steam by the LCC
fluid is offset by additional heat transfer to the fluid and by the lower volumetnc blowdown flow when some liquid is entrained
in the blowdown steam flow.

Part of the additional heat transfer is in the TLTA bundle as evidenced by the lower temperatures observed in the
bundle in the ECC injection test. The lower cladding temperature and generally lower bundle heatup with ECC injection are
shown in Figures 4-2 and 4-3. However, a substantial part of the additional heat transfer is elsewhere in the system. Heat
transfer in the lower plenum is essentially the same for both tests dunng the penod of interest and is of the same order of
magnitude as the bundle heat transfer. Companson of fluid thermocouple measurements in the downcomer region indicate
an increased heat transfer from the downcomer vessel walls for the ECC injection test. This source of heat could contnbute
up to several times that due to the bundle alone.

A preliminary evaluation of the peak power test, Matnx Test 14, indicates additional ECC cooling effects, particularly at
the top of the bundle, even for this most severe combination of parameters.

Preparatory effoit on the thermal-hydraulic system code, TRAC, was initiated to provide an additional basis for an
evaluation and analysis of the TLTA phenomena. An input file representing a simulation of the TLTA has been set up.
Preliminary computer runs of up to 1 second transient time have been made to test the accuracy of the input data and to judge
computer running time The results indicate that the running time appears far too wssive using the current simulation and
numencal cntena. Efforts in the next quartcr will be directed at reducing the running time.

Some of the components from the system simulation have been run open loop to provide a separate assessment of
their model capabilities. These include the jet pump, separator, and break flow nozzle. Af ter some changes were made ia the
jet pump model, some good first order results were obtained. Further detailed evaluation is still in progress. The separator
studies indicate that further work needs to be done on this model. The break flow nozzle representation so far is very good
and these studies are being completed.

>
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Table 4-1
MATRIX TESTS

Matrix Number 1 5 6 7 11 14

Bundle power (MW) 1.62 5 05 5.05 S.05 6.49 6.49
Spray flow high low rated low rated low
LPCi pumps 1 1 1 1 1 1

ECC water temp. ('F) 120 120 120 80 120 200
System timing (sec) nominal * nominal nominal nominal nominal nominal

'27 seconds for HPCS,37 seconds for LPCS and LPCI.
HPCS = hgh pressure core spray
LPCS = low pressure core spray
LPCI = low pressure coolant nection
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Figure 4-1. Effect of ECC Flows on System Pressure Response

42



GEAP-N UREG-21304 12

1400
(6405 RUN 3) /

#p/LOW ECC FLOWS

/}' /(6007 RUN 26)
,[t>O ECC F LOWS * j

! (6406 RUN 1)p*p

/ '-300 F

|'.|./,p*
*

AVG ECC FLOWS.

1000 - ./ /
/C

** =/
E // -

a ./ /'

0 // /
f AVER AGE CENTR AL POWERw . ,

*/ {
" *

5.05 MW
H 600

g * <& . \j
.

:
* .

SAT

I I I I0
O 80 160 240 320 400

TIME AFTER BLOWDOWN (sec)

Figure 4-2. Effect of ECC Flows on Cladding Temperature at Peak Power EIE vation

75

PROPORTION OF BUNOLE
AVERAGE CENTRAL POWER

AT TEMPERATURE
5.05 MWHIGHER THAN 1000 F

. . * *
/

5.05 MW
NO ECC FLOW

50 - (6007 RUN 26)

5 .

o :
F

s I
*

s 5.05 MW
$ / N / LLW CCC FLOW

/ [ (6405 RUN 3).

/-- 25 _

I /
*

,. / -

- 5.05 MW

/ AVG ECC FLOW
(6406 RUN 1)j,

f'

.! ./
0 | I |

0 80 160 240 320 400

TIME AFTER BLOWDOWN (sec)

Figure 4-3. Effect of ECC Flows on Bundle Heat Up
'lc

,

f

4-3/4-4



GEAP-NUREG-21304-12

5. TWO-| OOP TEST APPARATUS

5.1 TEST SECTION DESIGN AND FABF.lCATION

After a leak was detected, the TLTA vessel was disassembled and the bundle removed. It was determined that the
heater rods had reached the end of their useful life and must be replaced. Reassembly of the TLTA has been deferred
pending PMG approval.

Dunng the third quarter design concepts for improving the scaling fulelity of the TLTA-6 facility BD/ECC1B-Reflood
Phase were proposed. Dunng the fourth quarter. costs and schedule et timates for implement.ng these changes were
developed Procurement of hardware ar.J implementation of these changes have been deferred pending PMG approval.

f
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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 Coohng. 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 dunng a hypothetical LOCA; and

2. determine the degree to which models for BWR system and fuel bundles desenbe the observed phenomena, and as
necessary develop improved models which are genera!!y useful in improved LOCA 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 tests as con. pared to reference BWR desigr:t

2. 7x7 Counter-Current-Flow-Limited (CCFL) Flooding Characteristics: conduct CCFL flooding characterist c tests of thei

present TLTA bundle geometry to estabbsh the need, or lacic thereof, to modify the present test apparatus design for the init.al
BD/ECC interaction expenments.

3. 8x8 Blowdown Heat Transfer Tests: conduct 8x8 BDHT tests for companson with 7x7 BDHT data and to serve as a BDHT
baseline for BD/ECC enteraction expenments.

4. BC/ECC Interaction Tests: evaluate system response and heat transfer and evaluate etiectiveness of ECC dunng the
blowdown penod, and extending well beyond the initial f.OW coastdown and lower plenum " flashing" periods of the calculated
BWR-LOCA in one or more system configurations.

5. Afternate Power Shape BD/ECC: determ.ne the effects of axial power shape on the system response and bundle heat
transfer behavior dunng the calculated BWR LOCA

6. Non-Jet Pump Plant BD/ECC: investigate the ECC interaction with the system dunng blowdown in a representa% e non-jet
pump test system configurat on.

7. Reporting of Data: report all data (inc!uding pertinent error bands) in conventional parametnc form suitable for correlation
by others.

8 Model Development: develop, venfy and docurrant an improved bundle thermal-hydr auhc mooel that can be Irv orporated
into analyses of BWR LOCA s.

3 Application of Data: specify how General Electnc intends to use the data to quahfy the degree of Conservativeness of BWR
LOCA evaluation models.

SCOPE

Task AA - Program Planning and Administration

1. General Electnc will prepare a Prelimenary BD/ECC Program Plan that elaborates on the mans for meeting the program
objectives. The program plan will include, but not be kmited to: (a) BWR configurations and LUCA conditiocs to be tested.
(b) test parameters and their ranges: (c) updated conceptual designs and testing strateg ?s: (d) an out;ne of model
development and venfication activities; and (o the method of relating previous 7x7 rod bundle data to the 8x8 rod Lundie data
Sufficient discussion of the above items will be included to substantiate the basis for the prehminary program plan The
program plan wi!! also include an updated schedule, a proposed data venfication and reporting plan, and the planned uhlization
of data by General Electnc to assess current BWR LOCA evaluation methods.

The preliminary program plan will be provided for EPRI and NRC review, comment and approval on an agreed upon time
schedule. If Comments are not supphed to General Electnc t>y NRC or EPRI within the agreed schedule, General Electnc may
proceed es proposed.

,n
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2 Following mutual agreement on the results from Task AA-1, and the appropnate phase of Tasks BB and CC-1, General Electnc
wdl prepare a detaded test plan for each major testing phase. Each detaded test plan will include the test objectives, test phase
description, test matnces, parameter ranges and reasons for selection, test execution Olan, planned utikzation of the data, and
the planned schedule for completing that phase.

The prehminary test plans wdl be provided for EPRI and NRC rev,ew, comment, and approval on an agreed upon time
schedule if ccmrnents are not supphed to General Electnc by EPRI or NRC with the agreed schedule. General Electnc may
proceed as proposed.

Task BB - Heater Evaluation

1. Perform appropnate analysis relating electncal heater performance to predicted nuclear fuel rod temperature performance
dunng an ECC transient. This analysis wdl descnbe the method of programming initial and decaying electncal power to
produce representatwe BWR LOCA thermal response and wdl descnbe how differences in thermal proper Ms are accounted
for in the electrical simulations.

2 Evaluate the need for tests to demonstrate the vahdity of the above analyses. The heater evalua' ion including documentation
of the above item wdl be provided by EPRI ana NRC review, comment and approval on an agreed upon time schedule. If
comments are not supphed to General Electnc by EPRI or NRC within the agreed s.hedule, Genera, Electnc may proceed as
proposed

Task CC - Test Facility Design and Fabrication

1. Scahng and design analyses to define each system configuration wdl be performed and documented. Particular attention wd!
be g.ven to cttaining a real time simulation of calculated BWR system and fuel bundle thermal-hydrauhc LOCA response.

Design trade-off and scahng compromise studies will be performc d to estabhsh the final scal,ng basis to be used for design and
operation of each configuration. Appropnate analytical methods including. but not necessanly hmited to, those used for BWR
performance analyses wdl be apphed to obtain best estimate performance predictions of the BWR reference plants and the test
system configurations. These pre-test predictions will include time to boshng trant hon (BT), lower plenum flashing effects,
post-BT heat transfer, and response to ECCS operation. Diff erences in anticipated dynamic response of the test apparatus as
compared to a BWR *di be identified by appropnate analysis. Measurement requirements to obtain program objectives,
includeng type. number, location and accuracy of instruments will be specified and an instrumentation plan to meet these
requirements will be developed A prehmina y Facihty Description including documentation of the above items, presenting the
technical bass for the prehminary des'gn. will be nrovided for EPRI and NRC review; comment and approval on an agreed
upon time schedule if comments are not supphed to General Electnc by EPRI or NRC within the agreed schedule, General
Electnc may proceed as proposed

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

The final design and procurement of necessary matenal for each configuration wdl be completed and the system will be
prepared for cahbration testing

Task DD - Test Section Design and Fabrication

Upon completion of Task BB and an evaluation of the BDHT test section counter-current-floekmiting (CCFL) charactenst+s,
General Electnc wdl complete the design, procurement and assembly of the 8x8 rod test sections for BD/ECC testing. The test section
designs wdl be documented in the appropnate Facihty Descnption reports.

Task EE - System Startup Tests

Upon assembly of each configuration, conduct performance and flow cahbration tests. Perform hydrostatic, hydrodynamic and
transient startup tests for each configuration to estabbsh systen operational charactenstics including adequacy of heater and instrumenta-
tion response Conduct steady-state and/or transient separate effects tests necessary to provide the basis for interpretation of BD/ECC
expenmental results

Task FC - DD/ECC Interaction lests

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-budt system performance charactenstics 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 modificatio and. or adjustments should be made on the test facihty and update the predictions of system response as
approonate

.
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2. Upon completion of a specified test senes, reduce, 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. eff ect3 of lower plenum flashrng on core thermal response, and the eff ects of ECC on core
and system response. Document the data obtained, the storage format and how * can be accessed by others.

3. As appropnate, develop and document improved analytical models, which can be incorporated into best estimate anatyses of
BWR LOCA's. This willinclude, 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 dunng LOCA's. These loca! parameters are necessary for the
phenomenolog, cal understanding and correlation of local heat transfer coefficients. Values for local heat transfer coeff oents
are desered which may De expressed as a f unction of lock conditions such as temperature differences, flowrates, preseure and
quality.

4. Indicate how the data obtaining can be used to assess current BWR LOCA evaluation models inc!uding a uuantitive
determination of safety margins.

'}-.. -
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APPENDIX B

BD/ECC PROGRAM REPORTS

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

Report No./ Type Title / Author (s) Principal Contents

GE AP-21297 BWR 8x8 Fuel Rod Simulation Analysis of electncal i

informal Using Electrical Heaters. heaters to samt.; ate

J P Dougherty R J Muzzy, nuclear fuel rods
March 1976

GE AP-213041 BWR Blowdown / Emergency
Quarterly Core Coohng

First Quarterty Progress Report.
January 1- March 31,1976.

GE AP-21255 Prehminary BWR Blowdown / Design consideration
Topical Report Emergency Core Cochng leading to vanous

Program Plan, test configurations.
A J Muzzy June 1976 Test parameters r -j

ranges Test stratogy.

GE AP 21304-2 BWR Blowdown / Emergency
Quarterly Core Cochng

Second Quarterly Progress Report,
Apnl 1.--June 30.1976

GEAP-21333 64 Rod Bundle Test matnx and test
Top! cal Report BDHT Test Plan. strategy for 8x8 plan

J P. Walker.
September 1976

GE AP-21304-3 BWR Bicwdown/ Emergency
Ouarterly Core Cochng

Third Cuarterly Progress Report.
July 1-September 30.1976.

GEAP 21304-4 BWR Biowdown/ Emergency
Quarterly Core Cochng

Fourth Quarterly Progress Report.
October 1-December 31,1976

GE AP-21304-5 BWR Blowdown / Emergency
Quarterly Core Coobng

Fifth Quarterly Progress Report.
January 1-March 31.1977.

GE AP-21304-6 BWR Blowdown / Emergency
Quarterly Core Cookng

Sixth Quarterly Progress Report.
Apnl 1-June 30.1977.

GE AP-21304-7 BWR Blowdown / Emergency

Quarterly Core Coohng
Seventh Quarterly Progress Report.
July 1--September 30.1977.

, ,. -
e
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B.1 LIST OF REPORTS PREPARED AS PART OF ThE BWR BD/ECC PROGRAM DOCUMENTATION (Continued)

Report NoJType Title / Author (s) Principal 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 et pump. Resultr ofJ

sing!e phase liquid pressure
drops across TLTA-3 core inlet
and singte phase reverse flow
steam pressure drops across
TLTA jet pumps.

GEAP-23592 BWR Blowdown / Emergency Detailed desenption
Core Cochng Program of TLTA configuration
Prehminary Facihty for BD/ECC-1 A.
Description Report for
the BD/ECC-1 A Test Phase.
W. J. Letznng. editor,
December 1977.

GEAP-NUREG- BD/ECC 8th Quarte 1y
21304-8 Progress Report

October 1-December 31,1977.

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

January 1-March 30.1978.

GEAP-NUREG- BWR Blowdown / Emergency Test matnx and test
21638A Core Coohng Program strategy for BD/ECCI A

64 Rod Bundle Core Spray phase.
Interachon (BD/ECCI A) Test Plan,
J. C. Wood and A. F. Mornson,
February 1978.

GEAP-21304-10 BWR Blowdown / Emergency
Quarterly Core Coohng

Tenth Ouarterly Progress Report
Apnl 1-June 30,1978

GEAP-21364-11 BWR Blowdown / Emergency
Quarterly Core Coohng

Eleventh Quarterly
Progress Report
July 1-September 30,1978

GEAP-NUREG-23977 64-Rod Bundle Blowdown Topical report covenng
Heat Transfer (8x8) Final blowdown heat transfer
Report without ECC injection.
September,1978

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

Title Principal Contents scheduled Date

BDeECC1B Test Prehminary plan and test July 1978'
Plan strategy for BD/ECC1B testing

BDiECC t B Detailed descnptron of October 1978-
Facihty Desception TLTA configuration for

BD ECC1B

BD/ECC1 A Results from BD/ECCI A November 1978"
Final Report testing

BD/ ECC2 Test matnx and test strategy August 1979"
Test Plan for BD/ECC2 testing

BD<ECC2 Detailed descnption of October 1979"
Facility Dasenption TLTA configuration for

BD/ECC2 testing

BD ECC1B Results from BD/ECC1B February 1980"
Final Report !asting

Non-Jet Pump Test mainx and test strategy March 1980"
Test Plan for non-}et pump testing

Non-Jet Pump Detailed descnption of Apnl 1980"
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