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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, ths Electric Power Research *

Institute, and the General Electric Company. No person acting on behalf of the
NRC, the Instotute, or members of the Institute, or General Electric Company:

A. Makes any warranty or representation, express or impIted, with respect to the
accuracy, completeness, or usefulness of the informatico contained in this k
report, or that information, apparatus, method or process 11sclosed in this
report may not infringe privately owned rights, or

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

Blowdown / Emergency Core Cooling work completed in the fourth quarter of
1979 (October t,1979 through December 31,1979)is summarizeo. Planning and
necessary facristy modifications for the first small break test were completed.
Some shakedown tests were completed and the first sma!I break test was
successfully executed Blowdown /ECC injection testing continued with the
improved TLTA hardware and power decay simulation.
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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 uniskely, 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 information is not obtainable from tests on actual reactors, scaled system test programs are used to
provide basic system perfurmance information. The BWR Blowdown / Emergency Core Cooling (BD/ECC) Program 1

extends the scope of the BWR Blowdown Heat Transfer (CDHT) Program to include ECC system operation. Results
from the BD/ECC, p ogram will provide a basis for evatuating BWR system phenomena throughout the entire LOCAr

stransient from brean 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), Electnc Power Research Institute (EPRI), and General Electric (GE), to obtain
information on transient heat transfer fo!!owing an unkkely, but postulated rupture of a steam kne or recirculation
hne 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 models for the BWR system and fuel bundles describe the observed
phenomena and, as necessary, develop improved models which are generally usefulin irnproved 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
objectives are to provide a test apparatus for investigating, on a real time basis, the expected BWR fuel thermal-
hydraubc response, using an electrically heated. full-sized, full-power test bundle.

1.3 ORGANIZATION OF THE PROGRAM
i

The BD/ECC Program contract was executed in December 1975. The total BD/ECC Program work scope is
shown in Appandix 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
signi'icant pubhcations pertaining to these milestones.

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

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

C. Issuance of report on the transient thermal-nydraulic model, MAYUO43

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

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

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

* see Appendo A for task desenption

1-1
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During the fourth quarter of 1979, the detailed planning for the first small break test was completed and
necesury modifications were made to the facility. Some shakedown tests were completed and the first small break
test was successfully executed.

Blowdown /ECC injection testing continued with the current two-loop test apparatus (TLTA) configuration.
Lower bundle temperatures resulted with the improved TLTA hardware and power decay simulation.
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2. PROGRAM PLANNING AND ADMINISTRATION

|
The fourth quarter activities consisted primarily of planning for the small break tests At a meeting held in

Washington D C., the status of planning and preparation for a small break scoping test was reviewed it was decided
that the break area would be selected such that the High Pressure Core Spray (HPCS) system flow at rated
conditions would slightly exceed the break flow rate. Two sma!t break tests are planned one with riPCS, the other
under degraded ECC conditions with HPCS deactivated To meet an NRC-REG requirement, pretest predictions for
these tests are planned, but will be completed outside the BD/ECC program.

1

Direct measurements of break flow rate are planned. The very small expected break flow rates makeit possible
to condense the vapor component using a series of heat exchangers downstream of the break limiting orifice A

{ calibrated orifice is then used to measure the single phase liquid flow.

Initial conditions and test boundary conditions f or the first small break test were discussed at two consecutiv e
planning meetings (EPRI in Palo Alto and GE in San Jose) on December 7,1979 with each of the three sponsoring,

organizations and NRC-nEG being represented A complete description of the first small break test is given in
Section 3 and Appendix C

I

|
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3. EXPERIMENTAL WORK
!

|

3.1 BD/ECCI A TESTING

3.1.1 Large Dreak Tests

Two large break tests were run with the improved TLTA hardware (simulation of bypass to core inlet leakage
| path) and reahstic power der ay The tests were designated as follows:
!
|

f Test Description

6423. Run 3 Peak power. Iow ECC flow,
high ECC temperature

'
6422, Run 3 Average power, average

ECC flow and temperature

Data verification. analysis and reporting for these tests have been slowed due to the increased emphasis on the
small break tests Data evaluation activities related to the large break tests will resume, following the small break
tests

3.1.2 Small Break Tests

Shakedown and Calibration tests were conducted in the TLTA in conjunction with the small break tests The
purpose of these tests was to obtain information on the test vehicle itself so that effects of the following could be
evaluated

System heat loss

| System fluid leakage
System pressure / level controllability
Break flow measurement system shakedown /cahbration
initial conditions serification

Heat and mass loss tests were conducted with a static systern at approximately the same conditions as those

for initiating the planned small break test. No flows were allowed to or from the system encept for leakage flow,if any
Power was supplied through the auxiliary heaters in the lower plenum to maintain a steady system pressure The
powe* required to maintain the system pressure at approximately the same value is an indication of the system heat
loss. The liquid inventory or level change implies the leakage loss

Using auxikary heaters in the lower plenum, the power input required to maintain a steady pressure and
temperrture (at nominally 1050 psia and 550:F) was found to be approximately 60 kW The system was subsequently
reinsulated and the test repeated. The subsequent test indicated that the loss was reduced to 50 kW.

System mass losses were found to be very smati; no measurable changes in inventcry were indicated over a
| period of about 1/2 hour.
L

The system pressure / level controllability test results indicated no control problem at the initial conditions and
good repeatabihty of the pressure response.

'

Shakedown tests were conducted on the break flow measurement system. These tests showed that the heat
~ exchangers were of fective in condensing the steam downstream of the break onfice so that the fluid was significantly

subcooled before entering the calibrated flow measuring orifice These tests also indicated that the measurement
system responce was affected by the acceleration of fluid in the initial!/ stagnant flow in the line. However, pressure
drop across the break orifice showed that, while the measuring orifice response is not instantaneous, the break flow
was essentially unchanged during the early portion of the transient and could be inferred from the later orifice
measurements.

3t
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The initial condition verification test showed that the key system parameters, the inittallevel, system pressure,
and fluid conditions, could be achieved to the test specification. The repeatability of theinitial conditions was verified

by conducting the verification test two additional times.

The first small break test in TLTA was successfully completed in the early evening of December 18,1979 (A
description of the testis providedin Appendix C.)Thetestlasted approximately33 minutes Itsidentification number
es Test 6431 Run 1.

The initial conditions f or the test (shown in Table 3-1) were found to be within the specified test conditions
except for the bundle inlet flow and the inlet subcooling. The bundle flow and subcooling, though slightly outside
their specifications, were judged to be acceptable because the key parameters of interest for this test are the long-
term system pressure and inventory responses and not the early bundle heat transfer response. A sensitivity study
(conducted outside the scope of this program using the pretest predicticq methods) using the actual initial
conditions as opposed to the specified conditions showed that the calculated system response wa*. insensitive to the
small deviations in the initial conditions

Table 3 2 contains the measured bundle power and Figure 3-1 depicts the actual head-flow characteristics of
the HPCS system.

To provide a basis for further evaluation of the system heat loss and leakage during a transient test, an
adiabatic blowdown test was conducted on December 20,1979,2 days following the small break test The prima'y
purpose of this test was to determine the net heat transfer to the fluid. The main sources of mass and energy transfer
to the fluid were through the break and net system heat loss. The test was conducted from near 1000 psia with
stagnant saturated fluia throughout. There was no power applied to the bundle and the ECC systems were not
activated The break flow was measured as weII as the system fluid massinventory. These data are being evaluated to
possibly improve the estimate of net heat transfer to (or from) the fluid invN.ory.

1
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Table 3-1
COMPARISON OF TEST CONDITIONS

Specified Measured

+ 0.001 * + 0 001"Break size
0.125 - 0 0.125 - 0

{ HPCS characteristics as compared in Figure 3-1
I ECC fluid temperature 801 5'F 8314c F

Bundle power decay as shown in Table 3-2

Initial Conditions
|
|

Steam dome pressure 1050 f 20 psia 104115 psia

Water level

(outside shroud) 28316-in. el 28313-in el

Bundle (core) flow 34 2 5 lbm/sec 4315 lbm/sec

Bypass flow. total 115, ! 3% of

bundle flow 2 6 + 0 3 lbm/sec

Steam flow 2.5 0 5 lbm/sec (t=16.6 sec)
0 0 tbm/sec (t > 16.6 sec)

Bundle inlet subcooling 23 1 ScF 1614c F

Downcomer fluid tempera-
ture

Above JP suction Tsat 55214"F
Below JP suction (Tsat-23c F)15c F 539 4cF

Timings

Pump 1 trip 0.0 0.2 sec 0 0 ! 0.1 see
Pump 2 trip 4 0 ! 1.0 sec 4.010.2 sec
Feedwater pump trip 0.0 0.5 sec 0.0 0.5 see
Break opening 0.0 ! 2 sec -0.910.5 sec

j Loop 1 isolation 20 2 sec 19.6 0.5 sec
I Steam valve closing 17 2 1 sec 16 6 ! 0.5 see

HPCS activation 27 .: 1sec 26.810 5 sec

Nues ' Spec fied timits
" Measurement uncertainires

(
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Table 3 2
BUNDLE POWER FOR SMALL BREAK TEST,6431/R1

Time (sec) Bundle Power * (MW)

0 20
1 20
2 20
3 20
4 20

,

5 20
6 20
7 20

,

8 18
9 16

10 14
12 10
14 0 81
16 0 64
18 0 57
20 0 49
25 0 38
30 0 32
35 0 27
40 0 23
45 0 21
50 0 19
60 0 16
70 0 15
80 0 15
90 0.15
100 0 15
150 0 14
200 0 14
250 0 14
300 0 13
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

2100 0 11

* ss uncerta+ty on nominal varve

34
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4. ANALYTICAL EFFORT

4.1 LARGE BREAK RESULTS

Preliminary evaluation of the data from the peak power, low flow /high temperature ECC test (6423) indicates
cladding temperatures were s.gnificantly lower than those from the previous peak power test (6414). The early
system response and bundle heatup response were similar as expected. During the post-lower plenum flashing and j

'

Ibundle urscovery period, th3 bundle heatup response is significantly slower Th6 maximum temperature at the peak
power plane remained below IOOO'F ' " 'is period, cc,mpared to 1500 F from the previous test. These lower
temperatures are directly attributa' ajor simulation improvements made in the TLTA-5A f acility. These
consi ted of reahstic bundle dec' ation and addition of the core-to-bypass leakage flow path.s

4.2 SMALL BREAK TESTING

Analytical effort related . eak test was primarily directed at test planning. Detailed data evaluation
is expected during the first quarter. . . . .,oo

I

|
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5. TWO LOOP TEST APPARATUS i

|
5.i TEST SECTION DESIGN AND FABRICATION

.

Hardware was i'istalled to simulate the Automatic Depressurization Systen : ADS) as indicated in Figure 5-1
for small break testing. Simulation is achieved through an orifice and valves installed in seriesin the TLT A steam line
The ADS .3 activated long after cessation of normal steam flow, so the TLTA steam line serves a dual purpose The
ADS will be used for the second small break test.

A new break line was added to facilitate the small break test in TLTA. It is connected to the broken loop
recirculation line (Figures 5-1 and 5-2) and .ncorporates a flow-limiting orifice, a flow-measuring orifice. heat
exchangers, and instruments.

The line upstream of the flow-limiting oritce is 1/2-in. tubing, downstream is 1 in The flow-limiting orifice
represents the scaled srf,all break in a OWR lt is a 0124-in. diameter, square-edge hole, the orifice plate is 1/8-in.
thick Downstream of the orifice are two neat eacf. angers. They are used for condensing the two phase break flow
prior to its entrance to the flow-measuring orifice. Pressure, temperature. and differential pressure instrumentation
are located along the hne as shown in Figure 5-2. The line discharges into the existing suppression pool

1

i
!

|
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h

J
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APPENDlX 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 ere
to:

1. obtain ar.d 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 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 TLTAin the configurations selected
for BD/ECC interaction tests as compared to reference BWR designs.

2. 7x7 Counter Current-Flcw-Limited (CCFL) Flooding Characteristics: conduct CCFL flooding
charactenstic 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.

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 etfectiveness of
ECC dunng the blowdown period, and extendmg 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
representative non-jet pump test system configuration.

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

8. Model Development: develop, venfy, 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.

SCOPE

Task AA - Program Planning and Administration

r 1. General Electric 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
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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 oe included to substantiate the basis for the preliminary
program plan. The program plan will also include an updated schedule, a proposed data verificat;on
and reporting plan, and the planned utihzation of data by General Electric to assess current BWR LOCA
evaluation methods.

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

2. Following mutual agreement on the results from Task AA 1, and 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 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
prog, ramming initial and decaying electrical power to produce represeritative BWR LOCA thermal
response and wilt describe how differences in thermal properties are accounted for in the electrical

,

| s'mulatiorn

2. Evaluate the need for tests to demonstrate 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 schedule. 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 Facility Design and Fabrication

1. Scaling and design analyses to define each system configuration will be performed and documenied.
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 be used for design and operation of each configuration. Appropriate analytical methods including,
but not 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), lower plenum flash.ng 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 aralysis. Measurement
requirements to obtain program objectives, including type, number, location and accuracy of
instruments will be specifsed and an instrumentation plan to meet these requirements will be

develope 1 A preliminary Facihty Description including documentation of the above items, presenting
the technical basis for the preliminary design, will be provided for EPRI and NRC re.iew; corrment 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 Desenption as
necessaiy.

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

A2
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Task DD - Test Section Design and Fabrication

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

Task Ed - 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 establ.sh 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 interpretat:on of BDiECC 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, reduce, evaluate, and report the expenmentaldata 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. ef fects 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 f unction of local conditions such as temperature
differences, flowrates. pressure and quality.

4. Indicate how the data obtained can be used to assess current BWR LOCA esaluation models including
a quantitive determination of safety margins.

A 3'A 4
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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 NoJType Title / Author (s) Principal Contents

GE AP-21207 BWR 8x8 Fuel Rod Simulation Analysis of electrical
informal Using Electrical Heaters, heaters to simulate

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

G E A P-21304-1 BWR Blowdown < Emergency
Quarterly Core Cooling

First Quarterly Progress Report.
January 1 - March 31.1976

G E AP-21255 Preliminary BWR Blowdown! Design consideration
Topical Report Emergency Core Cooling leadirig to various

Program Plan. test contigurations
R. J Muzzy, June 1976 Test parameters and

ranges Test strategy

GE AP-21304 2 BWR Blowdown Emergency
Quarterly Core Coot:ng

Second Quarterly Progress Report.
Apnl 1 - June 30 1976

GE AP-21333 64-Rod Bundle Test matrix and test
Topical Report BDHT Test Plan. strategy for 8m8 plan

J P Walker.
September 1976

GE AP-21304-3 BWR Blowdown Emergency
Quarterly Core Cooling

Third Quarterly Progress Report.
July 1 - September 30.1976

G E A P-21304-4 BWR Browdown Emergency
Quarterly Core Cochng

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

G E A P-21304-5 BWR B!cwdown Emergency
Quarterly Core Cochng

Fifth Quarterly Progress Report
January 1 - March 31,1977

y G E A P-21304-6 BWR Blowdown Emergency
Quarterly Core Coohng

Sixth Quarterly Progress Report.
April 1 - June 30.1977

GE AP-21304- 7 BWR Biowdown Emergency
Quarterly Core Coohng

Seventh Quarterly Progress Report.
July 1 - Septernber 30.1977

Bi
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0.1 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 jet pump Results of
single phase liquid pressure
drops across TLTA-3 core inlet

and single phase reverse flow
steam pressure drops across

TLTA jet pumps

G E AP-23592 BWR Blowdown / Emergency Detailed description
Core Cooling Program of TLTA configuration
Preliminary Facility 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.

GE AP-NUR EG BD.ECC 9th Quarterly
21304-9 Progress Report

January 1 - March 30.1978.

GE A P-NUR EG- BWR Blowdown Emergency Test matrix and test
21638A Core Cooling Program strategy for BO'ECCI A

64 Rod Bundle Core Spray phase

Interaction (BD. ECCI A) Test Plan.
J C Wood and A F. Morrison.
February 1978

G E A P-21304-10 BWR Blowdown' Emergency
O Jarterly Core Cooling

Tenth Quarterly Progress Report
Apol 1 - June 30.1978

GE AP-21364 11 BWR Blowdown / Emergency
Quarterly Core Cooling

Eleventh Quarterly
Progress Report
July 1 - September 30,1978

GE AP-NUREG- 64-Rod Bundle Blowdown Topical report covering
23977 Heat Transfer (8x8) Final blowdown heat transfer

Report without ECC injection
September,1978

GE AP-NU R EG- BWR BlowdowncEmergency
21304-12 Core Cooling

Twelfth Quarterly Progress Report
October 1 - December 31,1978

GEAP-NUREG- BWR Blowdown Emergency
21304-13 Core Cooling

Thnteenth Quarterly
Progress Report
January 1 - March 31.1979
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B.1 LIST OF REPORTS PPEPARED AS PART OF THE BWR BD/ECC PROGRAM DOCUMENTATION
(Continued)

Report NoJType Title / Author (s) Principal Contents

GEAP-NUREG- BWH Blowdown / Emergency
21304-14 Core Coohng

Fourteenth Quarterly
Progress Report
Apol 1 - June 30.1979

GEAP NUREG- BWR B!owdown/ Emergency Core
21304-15 Coohr>g Fif teenth Quarterly

Progress Report
July 1 - September 30.1979
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B.2 LIST OF REPORTS PLANNED AS PART OF BWR BD/ECC PROGRAM DOCUMENTATION
_ . . _ _ _ . . _ _

Title Principal Contents Scheduled Date

BD ECC1B Test Prelirninary plan and test
Plan strategy for BD ECCIB testing

BD/ECCIO Detailed description of
Facility Description TLTA configurat'on for

BD ECC1B

BD'ECC1 A Resuits from BD/ECC1 A
Final Report testing

Final BD'ECC Summary and Conclusions
Report from BD/ECC program

_-
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APPENDIX C

TLTA SMALL BREAK TEST NO.1 DESCRIPTION

L.S. LEE

TLTA SMALL BREAK TEST NO.1 BASIS

The current TLTA configoratson is designated TLTA-58 which is similar to TLTA-SA except for the break line
addition described in Section 5. The scaling basis for the f aci ity (as detailed in GEAP-23592) is the BWR/6-218. The
bases for this small break test in TLTA are as follows:

|

BWR/6-218
0.051002 sq f t recirculation line break *
Loss of feedwater and trip of recirculation pumps
ADS not activated
Full complement of ECCS (Iow pressure systems not expected to inject)
Decay heat as per ANS-5 (1978)

'
ECC water at 70 F
Reactor scram on high drywell pressure
HPCS activated on high drywell pressure

SMALL BREAK TEST OPERATION

Operational changes for conducting the small break test are necessitated by the scaling comprnnJ3es 9 the
f a cility. In addition, the TLTA pressure control system cannot now function repeatably under the testing
requirements for this small break.

The TLTA includes or scales to some degree the major components and regions within the reactor pressure
sessel of a BWR. Scaling compromises of the facility in general are documented in the Facility Description Report
(G E AP-23592) Several other compromises that are specifically germane to conducting small break tests in the TLTA
have been identified."

The small break test operation was developed and reviewed with the program sponsors. NRC and EPRI,in a
meeting at GE. San Jose on December 7,1979 It is different f rom the TLTA normal operation described in GEAP-

| 23592 for large break. The significant differences are the power decay and the steam flow.
I

Figure C-1 depicts these differences. In normalTLTA test operation the bundle power (dotted linein Figure C-'

Ia) is raised from the value at Stage ? operation (GEAP-23592) to the desired initial bundle power level at Stage 3
before power decay begins (at time zero).

As the power is raised the steam flow increases to maintain system pressure (Figure C-1 b). Because theTLTA
has limited feedwater temperature range, the feedwater flow is held constant during Stage 3 operation and there isa
net loss in system mventory. When the desired inventory, or level in the downcomer, is attained, the t; lowdown
transient is initiated. For the small break, the water level must be maintained higher initiallyin the downcomer It was
determined from shakedown tests that it was not possible to independently control system pressure. steam flow.
power and level to achieve the desired initial test conditions. Therefore, the alternative test operation was developed.

' % A sma i t.,eak et a tm mer ro ims or n,9h r rewwe Ecc w3 tem is detmeu as a t3rea irai coes wt emoocr a we.mr, or aan atw e tne

ADS $pMm ihm t: ream see 45 rwr tty upper l'aund of the smyl tireak spectrurn
* Lewt G W twrnet!c GE ) t] W D Om hner 94RC) Statss of Ti rA Si"a4 &es Scccmg Test Augast 14 1979
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For the small break test, the bundle power is maintained at the steady state, Stage 2 level (2MW) and is not
increased to Stage 3 (see Figure C-la). The power is held constant for approximately 7 seconds af ter which timeit is
decayed in accordance with the stared heat and ANS-5 decay heat for a central average power bundle. The steam
flow is also held constant during this period. As the steam generation diminishes with the power decay, the pressure
control valve would normally close in its attempt to maintain the system pressure and reduce the steam outflow
However, shakedown tests showed that the pressure control response was not repeatable So, in order to assure
repeatable response for the small break test evaluations, the valve is maintained 6t the same opening position until 17
seconds, at which time it is rapidly closed. This closure timing is selected to be approximately midway through the
start of power decay (7 seconds) and activation of the HPCS flow (27 seconds).

The feedwater flow in the small break test is tripped at time zero as shown in Figure C-1d Other flows and set
values are given in Table 3-1.

The system pressure is expected to be affected in the manner shown in Figure C-1c. It will initially rise as a
result of loss of feedwater, and fall as the power decays. It will rise again when tr.e steam valve is closed and fallagain
following HPCS injection.

TEST CONDITIONS

The initial and operating conditions for the small break test are described in Section 3 of the basic document.
and also Figure C-1 The test termination time is specified as when the liquid levelin the downcomer region is rising
but before the level reaches its initial value or approximately 2000 seconds. whichever occurs first

1

,

\

C 3/C 4

, _



t
-

CONTR ACT NRC-04-76-215

DISTRIBUTION

U.S. Department of Energy 27
Technical Information Center
P.O. Box 62
Oak Ridge. TN 37830

Electric Power Research Institute 205
EPRI Distribution List PP 495

Dmsion of Reactor Safety Research 2
U S. Nuclear Regulatory Commission
Washington. DC 20545
Attn. W. D. Beckner

Dmsson of Reactor Licensirg 1

U.S. Nuclear Regulatory Commission
Washington, DC 20545
Attn: R. K. Frahm

Electric Powur Research institute 30
4312 Hillview Avenue
Palo Aito. CA 94303
Atti P.Kaira

Argonne National Laboratory 1

9700 Cass Avenue
Argonne. IL 60439
Attn: P. Lottes
RSR Heat Transfer Coordinator

EG & G
1

550 Second Street
Idaho Falls. ID 83401
Attn J Dallman

Safety and Systems Analysis 1

Nuclear Power Generation Dmsson
Babcock & Wilcox
P.O. Box 1260
Lynchburg. VA 24505
Attn: Dr. B. E. Bingham. Manager

Reactor Development Center 1

Babcock & Wilcox
P.O. Box 1260

l
Lynchburg. VA 24505
Attn: Mr. D. Montgomery

Safeguards Development 1

Pressurtzed Water Reactor Systems Dmsion
P 0. Box 355-

) Pittsburgh, PA 15230
Attn: Dr. L E. Hochreiter, Manager

1

,



i

|

C-E Power Systems 1

Combustion Engineering. Inc.
1000 Prospect Hill Road
Windsor, CT 06095

Attn. Mr. J. D. Crawford

Librarian, Genera! Atomic 1

P.O. Box 81608
San Diego, CA 92138

Departmer.t of Nuclear Engineering 1

University of California at Berkeley
Berkeley, CA 94720

Department of Nuclear Engineering 1

Massachusetts Institute of Technology
77 Massachusetts Avenue,

Cambridge, M A 02139

Engineering Library 1

Stanford University Campus
Stanford, CA 94305

Los Alamos Sc'antific Laboratory 1

Los Alarnos. NM 87544
Attn: C. W. Hart, Group T-3

Environmental Protection Agency 1

P.O. Box 15027
Las Vegas, NV 89114

U.S Nuclear Regulatory Commission 1

Reactor Analysis Section/ Analysis Branch
Washington, DC 20545
Attn. W. Hodges

Mr Kenneth Randen 1

ASEA-Atom
Box 53
S-721 04
Vaesteraas 1. Sweden

Dr. T. Kawai 1

Hitachi. Limited
Hitachi Works
3-1-1 Saiwai-Cho
Hitachi-Shi, Ibaraki-Ken 317, Japan

Mr. Dieter Ewers 1

Kraftwerk Union AG
Postf ac h 700649

D-6000 Frankf urt (Main) 70
Federal Repuolic of Germany

|
,

2

_. _ _ _ _ . _ _ _ _ .



- _ _ . . - _ _ - _ _ _ _ _ - .

Dr. H. Hashimoto 1

Tokyo Shibaura Electric Company
Toshiba Mata Building
13-12,3-Chome Mita, Minato-Ku
Tokyo 108, Japan

Mr. E. Annino 1

AMN impianti Termici e Nucleari
Casella Postale 190
16151 Genova Sampierdarena
Italy

U.S. Nuclear Regulatory Commission 360
Division of Document Control
Attn: Steve Scott, Actg. Branch Chief
Distribution Services Branch
Washington, DC 20555

,

_ _ _ _ _ _



.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . -
_

FORM M
U.5 NUCLE AR REGUL ATORY COMMISSION . REPORT NUMBER (Asspea by ODCJ

E!BLIOGRAPHIC DATA SHEET [g $ 1.1, .4

A. TliLE ANO SUBTsiLE (Add volume No., of spormrostel
2. (Leave blank)

BWR Blowdown / Emergency Core Cooling Sixteenth Quarterly
Progress Report October 1 - December 31, 1979

3. RECIPIENT *S ACCESSION NO.

7. AUT HO R LSI
5. DATE REPORT COMPL ETED

S. C. Caruso M ON TH | YE ARMarch 1980
9. PERFURMING ORGANIZATION N AME AND MAILING ADDRESS (lactuar Zep Codel DATE REPORT ISSUED

MONTH | YEARGeneral Electric Company October 1980
175 Curtner Avenue

c. ft,,,, ,,,,4 fSan Jose, CA 95125

8. (Leeve Nankj

12. SPONSORING ORGANIZATION NAME AND MAILING ADDRESS (incluoe lip Cooel
pg

U. S. Nuclear Regulatory Commission
Div. of Reactor Safety Research

H. CONTR ACT NO.
Office of Nuclear Regulatory Commission
Washington, D.C. 20555 NRC-04-76-215

13. TYPE OF REPORT
PE RIOD COVE RED (/nclussre daars)

Quarterly Technical Report October 1 - December 31, 1979

15. SUPPLEMENTARY NOTES 14. (Leave Waikl

16. ABSTR ACT 000 words or /eul

Blowdown / Emergency Core Cooling work completed in the fourt.h quarter of
1979 (October 1, 1979 through December 31, 1979) is summarized. Planning and
necessary facility modifications for the first small break test were completed.
Some shakedown tests were completed and the first small break test was success-
fully executed. Blowdown /ECC injection testing continued with the improved TLTA
hardware and power decay simulc. tion.

17. KEY WORDS AND DOCUMENT AN ALYSIS 17s. DESCRLPTORS

17b. IDENTIFIE RS/OPEN.ENDEQ TERMS

18. AVAILABILITY ST ATEMENT 19. SECURITY CLASS 1This reporrl 21. NO. OF PAGESUnclassified
Unlimited 20. SECURITY CLASS (Th,s papel 22. P RICE

5
NRCFORM 335 (7 77)


