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NUCLEAR REGULATORY COMMISSION
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MY 17 g

Thomas M. Novak Chief, Reactor Systems Branch, DSS
THRU: W. Minners, Section Leader, RSB, DSS ﬁT

SUMMARY OF MEETING WITH GENERAL ELECTRIC COMPANY

A meeting was held with General Electric in Bethesda on March 23, 1976,

to discuss core spray distribution tests and proposed changes to the
GE-ECCS Evaluation Model..

'GE personnel presented a progress report on the core spray distribution

tests and their implications for operating reactors. GE also discussed

potential improvements applicable to their inventory and core heatup models.

The enclosure provides more detail concerning the items discussed.’
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Ronald K. Frahm
. Reactor Systems Branch
Division of Systems Safety

Enclosures:

1. Meeting Minutes

2. List of Attendees
3, Slide Presentations
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MEETING MINUTES

I. Core Spray Distribution Tests

Generdl Electric (GE) presented the results of tests with single '
nozzles in a steam environment, Nozzles of the high velocity
type with a fine spray showed some effect of cone contractions.
Nozzles of the low velocity types with coarse spray were little
affected by steam. The VNC type nozzles, although they produce
a coarse spray have a deflector and showed abrupt cone contrac-
tions under certain pressure/temperature couditions. For BWR/2, ’
3 reactors.the fine, high velocity type nozzles are.used to cover .
the peripheral fuel while the coarse low velocity type cover the i
remainder of the core. Therefore it is concluded that core spray '
distribution will be little changed by a steam enviromment in .
BWR/2, 3 type Teactor configurations. BWR/4 reactors use VNC . '
nozzles to cover the peripheral and center region ‘assemblies

with the fine, high velocity type covering the intermediate region.
However, the VNC nozzle.cone contraction that affects spray
distribution maybe compensated for by the superposition and
interaction of the two spray spargers.

. GE also presented material to quantify the observed contraction for
different reactor types. BWR/2, 3 and 'Vermont Yankee have two
nozzle types; an atomizing nozzle (covers periphery) and an open
elbow nozzle (covers remainder of the core). Because the atomizer
nozzles cover the periphery, 'the sensitivity of the angle of
elevation on cone narrowing was investigated. The results showed
that even with a severe position change no peripheral fuel bundles )
will starve, even though some of the edge channels-are below '
the design minimum flow rate. The sensitivity 6f the BWR/2, 3
open elbow nozzles (coarse spray) to steam showed that patterns
in air and steam are nearly identical at. one atmosphere; showed
a concentration in the center of the cone as pressure is raised
with a maximum occurring at three atmospheres and remaining
constant at high pressures. The tests showed that BWR/2, 3 type
nozzles are less sensitive to a steam environment than the VNC
nozzle used in the tests, therefore no further spray distribution
tests are planned for BWR/2, 3 reactors.,
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The VNC nozzle used on BWR/4, 5 reactors showed an abrupt cone con-
‘traction in steam. The VNC nozzle, without a deflector in air,

-, gave the same spray pattern as an open elbow nozzle in steam. The
VNC contracted pattern in steam is twice as broad as an open elbow
nozzle in steam and a VNC without deflectors in air. The simulated
UNC cone contraction in air showed a significant change in spray
distribution with VNC deflectors removed. For the single sparger
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VNC (w/o deflector) tests, there was ‘full coverage of the core;
with a minimum channel flow of 2.09 GPM (with updraft). Between
18 to 26% of the channels had less than the 3.25 gpm minimum design

requirement,

The tests showed that air updraft also improved

flow coverage in the low flow regioms.

The double sparger tests,

with no air updraft, resulted in full distribution with no channels
below the minimum design flow'of 3.25 gpm. Again there was a
significant change in spray distribution with the VNC nozzle
deflectors removed. The simulation of the VNC cone contraction

in air showed that the superposition of flows from many nozzles
contributed to uniformity of spray.distribution and BWR core spray
distribution can tolerate cone angle changes without degradation

of distribution.

With regard to the ECCS capability of a BWR/4, the two sparger tests
showed that the 3.25 gpm minimum flow requirement is exceeded. For
a design basis LOCA, assuming a single failure of the LPCI injec-
tion valve (2 core spray systems available), the reflood time is

240 seconds and the peak cladding temperature (PCT) is 2200°F with
full core spray heat transfer. For an assumed diesel-generator
single failure (2 LPCI + 1 core gpray failed) leaving only one

core spray sparger available, and with the test results showing

that only 75% of the channels received -the minimum 3.25 gpm; .

the calculated PCT was 1950°F (at a reflood time of 110 sec) assuming
half core spray heat transfer. GE felt that these results show

that the LPCI failure is still the worst single failure and that

the current MAPLHGR limits still apply. .. .

Future experimental programs to be undertaken by GE include:
distribution tests of all GE nozzles in the single nozzle ASEA
facility; single steam nozzle tests to quantify nozzle performance;.
and full scale tests with modified nozzles to simulate horizontal
steam test results. GE wants to simulate the cone angle change
more precisely in air tests (because the effect of cone angle may
be overpredicted by the air test).

Future analytical work includes: single-droplet model development
single~nozzle model development, and developing a multiple-nozzle
interaction model. A coxe spray distribution model will be
developed to investigate the sensitivi:y of BWR/4, 5, and to
facilitate the design of BWR/6.

Evaluation Model Improvements -
1, Reflood Model Experimental Programs

GE plans a study of steam-water interaction effects in a BWR
system dpring a LOCA. Separate effects studies include single
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and parallel bundle studies with ‘thermal-hydraulics in the:
upper plenum. The system features incorporated in the test
apparatus include representation of two bundle flow paths, one

~ bypass region flow path and onme jet pump flow path. Adiabatic

2.

tests are being run with steam injected into bundle flow
paths' to simulate vaporization, and the two-phase charac-
teristics are being evaluated with attention to counter-flow
of liquid and steam at the flow path entrances and exits.
Heated tests in which bundle flow path steam is internally

‘generated are also being run. This test progran is being

run to quantify parallel channel hydraulic stability and

CCFL breakdown.

GE is considering a one-sixth scale reactor simulation for
investigating thermal-~hydraulic phenomena in the upper plenum
region. Adiabatic air/water tests and steam/water tests will
investigate multiple-channel CCFL effects, including effects

on core spray distribution and temperature distribution across
the top of the core as the liquid is heated by the steam-upflow.

The effect of system feedback on CCFL performance characteristics
is being investigated in the single bundle/ECC System test
apparatus. In this test CCFL perfaormance is evaluated under
transient conditions representative of the LOCA, including
feedback from the system hydraulic characceristics.

Modifications to the two-loop test apparatus (TLTA) are also
planned. Interaction effects of ECC injection on the bypass
and bundle exit CCFL characteristics in the upper plenum will
be evaluated. Later testing will examine BWR reflooding
characteristics.

Proposals for a large scale integral ECCS facility will be made
to EPRI and NRC in late 1976, This facility will use full scale
teactor components including 32 full size bundles incorporating
actual tie plates, spacers, channel boxes, control rods, guide
tubes, and steam separators.

Early results of these experimental programs show conservatism
in the treatment of CCFL in the reflood calculation; further
experiments will be used to develop more realistic correlations
to predict reflood times. .

Core Heatup Model Potential Improvements
A radiation model coupled to the fuel clad swelling model using

individually calculated radii; and.grey body factors recalculated
each time a perforation occurs, will be incorporated into CHASTE.
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A modified Bromley-Ellion correlaticn will be used in the post
nucleate boiling; post lower-plenum flashing; fuel channel heat
transfer (when covered by bypass inventory); and post re-
flooding regimes,

The conduction model will be improved by using 1l nodes vs 4
nodes, constantAvolume vs constantA radius, full implicit
integration, and better time step and noding sensitivity.

SAFE Code Potential Improvements

The improved model will use discrete physical regions (instead
of large thermodynamic nodes), hydraulic modelling will consider
void distribution within nodes, inventory redistributiocn will

be considered in all nodes, CCFL will be considered at restric-
tions. A homogeneous critical flow model with choked conditions

at two regions, to be incorporated into LAMB and SAFE, is
now in progress.

GE plans to show the overall comservatism in the evaluation model
and provide a basis for reducing operating restrictionms.
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_ ATTENDEES - CORE SPRAY MEETING
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INTRODUCTION & RACKGROUID

MY 74 ~ ASEA - ATCH TESTS St NARRCHTIG Iit STEA

ME 74 - ASEA TESTS (SIVGLE WOZZLE, HIGH PRESSURE, VISUAL O?ILY)
e * - = CONFIRMATION OF PREVIOUS RESULTS

JULY 74 - GE TESTS (SIGLE POZZLE, . LOW PRESSURE, VNIAL ONI.Y)
- ELBOWS: MO EFFECT
= WC: . BIG EFFECT
= OTHERS: INTERVEDIATE EFFECT

AT 74 - IRC RRIEFIIG FEETIIG

. SEPIEER 74 - 218 B/U AIR TESTS WITH CGIRACTD VK.~~~ **

~ TOTAL CORE COVERAGE _ .
< SOVE CHAMNELS LESS THAN DESIGN REGUIREMENT WITH
SINGLE SPARGER
" 2 LIKELY TO BE OK WITH ROTH SPARGERS
- = BR/2,3 AIR TEST

- e - ATOMIZER AINING ANGLES VARIED TO DETERMI\'E
. SENSITIVITY

= SMALL EFF'ECT ONLY AT PERIPHERY
- . "+ .+ NOVBE'EER 74 -~ BEGIN TESTS TU DETERINE FEASIBILITY OF ALL-ELBOM
. SPARGERS FOR EaR/4,5
- BEGIN AWLYTICAL {TCELLEG AYD SUPPORTLG TESTS
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JUNE 75 - ASEA TESTS (SIIGLE INZZLE, HIGH PRESSURE, DETAILED P
_ MEASUREET) . o
= WNC CONTRACTION “THRESHOLD” GUANTIFIED %
= OPEN ELBOW PATTESN CONCENTRATION -
. SPETBEER 75 - 218 Br3/4 DOUBLE-IEALER TEST WITH SLULATED CIARACTIGH r
' - ADERUATE DISTRIBUTION
SEPTEEER- : - :
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SUTYRY OF FIIDLGS - SLIGLE NOZZLE TESTS

- FINE, HIGH VELOCITY TYPES: RESULTS SIMILAR TO ASEA
TESTS - SO."E EFFECT i

- COARSE; LoA VELOCITY TYPES: LITILE EFFECT

- WCSSURZE?E ABRUPT CONE COMTRACTION U!DER CERTAIN
TEMPERATURE CO{!DITIONS

C&‘FIGJRATIO! (F EWR/2,5 RECTCRS (TYPICAL)

= FINE, HIGH VELOCITY TYPES COVER PERIPHERAL FUEL
ASSEMBLIES

= COARSE, LOW VELOCITY TYPES COVER RENAINDER OF CORE
- COM.JSIO‘!‘ LITTLE EFFECT

CONFIGURATION OF E:R/4 PEACTORS (TVICAL)

- !mmIB?‘ZZLES COVER PERIPHZRAL ASSEI“BLIES AD CENTER

‘- FINE, HIGH veLocITy (eur REU\TIVELY INSENSITIVE) TYPE

(COVERS INTERVEDIATE REGIGN

= WNC CONTRACTIONeCGHPENSATED BY SUPERFOSITION A'D
INTERACTION A

v =
A M AT e g S

.
. -
— R eyt remn A wermr x

Ry o R N N

-

—-

-

-

x
. 5
m AR By AR Wb s P TN e S —— S bass -

"~




R N
o TEST FACILITY
o DEFIITION OF CHARACTERISTIC PARNETERS .
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o TH0 NOZZLE TYPES - TWO EFFECTS
0 ATOMIZING MOZZLE (COVERS PERIPHERY)

. & OPEN ELBOY HOZZLE (COVERS RE'AINDER OF CORE)
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ST G O B3
© . ATOMIZER ATMING TESTS

© BECAUSE ATOMIZERS COVER PERIPHERY, IWVESTIGATE SESITIVITY TO
" CONE NARROWTNG, BY ADJUSTIIG ELEVATICH UPHARD

NOZZLE

o . INCLINATICN "CONE ANGLE # OF. {MELS LOWEST
o Ui SHANGE —CHANGE_ aaa E,ﬁg E-EM S

26
2.3
2.4
2,3
= 201
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§ CONCLUSICS

= MINDNL BPACT O PERIPHERAL BUNDLE FLOW' FRoM 119 upviaRD
. G W .

= PRACTICALLY NO EFFECT ON DISTRIBUTION OVER MOST OF CORE
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o PATTERYS IN AIR A'D STEN! PRACTICALLY IDEMICAL AT 1 ATHOSPHERE

o CONEMTRATION I CETER CF COVE AS PRESSURE IS RAISED
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CONCUSIONS

0 RESULTS CF-EWR/4 “COIE COHTRACTION™ TESTS SHOH VERY LARGE OXE
RGLE CHAYGES CA EE TOLERATED WITHMUT GROSS DEGRADATION CF
DISTRIEUTION . :

0 BiR/2,3 NOZZLES {LCH LESS SESITVE T STEAT ENIRGIST THAY ,
VAC NOZZLE USED I TESTS -

9 N0 ADDITIOMAL BWR/2,3 DISTRIBTICH TESTS PLATED
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SINGLE-NOZZLE TESTS SHCW THAT:
- WNC IN STEAM
- WNC W/O DEFLECTCR IN AIR

PRODUCE ROUGHLY COPARABLE SPPAY PATTERAS:

. = NG CONTRACTED PATTERY BROADER THAN WIC WO DEFLECTCR

~ VNG CONTRACTED PATTERN AXIS 7-100 OFF CEMTERLINE

VALLECITOS FULL-SPARGER SENSITIVITY TESTS

- VNC WITH DEFLECTORS REMOVED "SIMULATE wnpenmmwce
IN STEAM _

" = SINGLE AND DOUBLE SPARGER TESTS
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‘. SIMIATIONCE v AT T AT
SINGLE SPARGER TEST-UPPER SPARGER

L

o SIGIFICAT CHAE IN DISTRIBGTIOH WITH VAC DEFLECTORS RET'fNED

¢ RULL COVERAGE CF (ORE
- NO “STARVED" CHANNELS, MINIMM FLOY 2.09 GPM WITH UPDRAFT
- 18 70 267 OF SAMPLED CHAMNELS LESS THAN 3.25 &M REGUIREMENT

O AIR UPDRAFT IMPROVES COVERAGE IN LOV-FLOW REGIONS
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» ok
" "DOUBLE SPARGER TEST
O SIGNIFICKIT CHAGE I DISTRIBUTICH HITH VEX DEFLECTORS RETVED
O FULL COVERAGE OF CORE, ADECUATE DISTRIEUTIC |
- MINIMM CHANNEL FLows (epM) . "
o o o e
DEFLECTORS IN 343 5% ° X17)
DEFLECTORS OUT 3.5 6,85 3.3
~ DEFLECTORS IN: MORE UNIFORM PATTERY BUT SIMILAR HINTHA g
® UPDRAFT CCULD DT BE TESTED (HIGH A QY "S&PIIG"-0F NG ISR '
_ MENTED CHARIELS) - PROBAELY WOULD BPROVE REULTS SLIGHILY .
Pt 3/23/76 7
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. " i —
DISCUSSION OF SIMULATION

- SHIFI' DIRECTICN PRIMARILY PDRIZONTAL

- TYPICAL SPARGER CONSTRUCTION: HALF SHIFT CCW, FALF
SHIFT O |

9 CONTRACTED VRC PATTERH IS WICE S WIDE AS FCDIFTED V‘!C
" USED IN SIFULATICH

= AIR TEST FAS MRE SEVERE PATTERA GW{GE THAN REACTOR
CASE

- EFFECTOFC@(EN(G.EC!-’ANGEMYBEOVERPRE)ICTEDBY
'ﬂ-lEAIRTESI' .-

" @ 1976 TESTS HILL:
‘= QUANTIFY MNOZZLE PERFORMANCE HORIZONTALLY IN STEAM
= SIMRATE THE EFFECT MRE PRECISELY IN AIR TESTS -

et 3/3/76; o

¢ /XIS SHIFT 0T SEULATED GOT QWITIFIED AT TIE OF TESD
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SUMARY AND CONCLUSIONS

0 SINGLE-SPARGER TEST WITH CORTRACTICH STULATED

= LESS UNIFORM THAN ORIGINAL OPTIMIZED n_ssr'cw
- 18-267 OF SAMPLE CHANNELS LESS THAN DESIGY REQUIREMENT

- GOOD COVERAGE OF ENTIRE CORE ~ MINIMUM FLOW 1,92 oM
FROM LOWER SPARGER, 2.03 e FRw UPPER SPARGER
(UPDRAFT CASES)

o DOUBLE-SPARGER TEST HITH CHTRACTIGH SEULATED

= BETTER DISTRIBUTION THAN SINGLE SPARGER

= LESS UNIFORM THAN DOUBLE-SPARGER TEST WITH 10 CONTRACTION
(MINIMIM FLOWS SIMILAR) .

- NO CHANNELS LESS THAN DESIGH REQUIREVENT: MINIMM FLOW
3.35.6PM

4

o QUALTTATIVE COUCLUSIONS FROH AIR TESTS
~ 'SUPERPOSITION OF FLOWS FROM MANY NOZZLES CONTRIBUTES TO

UNIFORMITY OF DISTRIBUI'ION .

- BWR CORE SPRAY DISTRIBUTION CAN TOLERATE VERY GREAT COME
ANGLE CHANGES WITHOUT CORRESPOMDING DEGRADATION OF DISTRI-
* . BUTION , o '

it 3/23/76 23
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EFFECT ON BWR/4
CONCLUSIONS

.o "THO-SPARGER TEST EXCEEDS 3.25 GPH DESIGN REQUIREMENT

o

et mm Sary xS %W me

CORE SPRAY CORE SPRAY | |'. 2 LPCI 2 LPCI

R N T

7@ 1 e 3 8 e

. s T TR SINGLE FAILURE
(EPCT HJECTION VALVD)

" REFLOOD TIME: 240 SEC

PEAK CLAD TEMPERATURE (FULL SPRAY HEAT
TRANSFER) : .2200F (BY DEFINITION)

i ' 0 SINGLE-SPARGER TESTS PRODUCE aORE THAN HALF OF 3.25 GPll DESIGN
P REQUIREMENT -

CORE SPRAY coRe sraY | | 2teers | | 2tec

v eeana e . N .

. SINGLE FAILURE
' (DIESEL-GENERATOR)

REFLOOD TIME: 110 SEC I

5 . PEAK CLAD TEMPERATURE (HALF SPRAY HEAT
! o TRANSFER):  1950F
l -I « e
i
|

K <
B '
S s e § oo | ¥
.

- N

e  CONCLUSIONS

- LPCI INJECTION VALVE IS STILL WORST SINGLE FAILURE .
' - CURRENT MAPLHGR LIMITS APPROPRIATE
; - LPCI-MODIFIED PLANTS RESULTS SIMILAR

e | e S —— — y Sa—
S S t— - M o7 @ B aM e b
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EPRIETAL

0 ASEA SINGLESIOZZLE TESTS i
- DETAILED DISTRIBUTION TESTS OF ALL GE-Wo=zLEs

i ot 9 HRUGTAL SINGLE IOZAE TESTS IN STEAY

® FLL SCALE TESTS; YITH MOZZLES. MODIFIED. TO: SEULATE
HORIZOMTAL STEAY, TEST RESULTS;
9, 1/5 SCALE: STEAT, ENIRO'ENT: TEST:
"-_ CONFLICTING; SCALING; REQUIREMENTS;
=. FEASIBILITY: STUDIES; CQNEINUING:

*

. e B

¢
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“.-

NVLYTICAL

o SII\GLE-DmPLEl' sUuEL

o SIIKSLE-?DZZLE fODEL

- FECHANISVS FOR STEAM SENSITIVITY
- nwscmmr '

o MJ' TIPLE-{DZZLE ‘THTERACTIGH K86

o "GLOBAL" CORE SPRAY DISTRIBUT 10:1 FCOEL
* = "TO INVESTIGATE SENSITIVITY OF BwR/U,5
= TO FACILITATE DESIGN OF, BWR/0

-

o Y, A nme 20 el Aok a0 g
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CORE SPRAY DISTRIFUTIC:! PROGRM
SUMARY OF STATUS

o CONCERN: SPRAY I0ZLE COE A.XBLES ALTERED I PRESSJRIZED STEV! ATHOSPHERE

- SFNJ.EFFECTONWSTB’NRI\DZZLES

- "W nozze (used IN B‘c'R/le) EXPERIENCES ABRUPT CONTRACTION 7-100
AXIS SHIFT '

~. BWR/lS DISTRIBUTION TESTS WITH SIMULATED CONTRACTION OF VNG NOZZLES
~ DISTRIBUTION OVER ENTIRE CORE WITH EITHER SPARGER INDIVIDUALLY

- DISTRIBUTION WITH BOTH SPARGERS OPERATING: LESS WIIFORM THAN
_"NOMINAL” CASE, BUT SATISFIES DESIG! REQUIREMENT FOR MINIMUA
BUNDLE FLOW ) )

.= CALCULATED PEAK CLADDING TEMPERATURE CONSERVATIVE IN REACTOR
EVALUATIONS

. = BEXPERIVENTAL PROGRAM WDERWAY TO FURTI-ER CHARACTE!IZE AM) QUANTIFY
EFFECTS

0 COICLUSIGNS . )
- NOZLE-TO-NOZZLE, SPARGER-TO-SPARGER SUPERPOSITION COMPENSATES FOR -
SEVERE SPRAY CONE ANGLE CHANGES .

- CCFL EFFECTS ON DISTRIBUTION ARE FROBABLY OF NET BENEFIT * - -~

- CLRRENT MAPLHGR LIMITS ARE APPROPRIATE WHILE EXPERIMENTAL PROGRAMS
ARE WNDERVAY .

ne 356 B
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BWR REFLCOD MoDELING-

'

BLCWDOWN - DISTRIBUTES  INVENTORY

- SHROUD HEAD

~  core

-  Bteass /cuise Tuges
- LoWER PLENUM

CORE SPRAY INJECTS WATER OVER CORE

— o (OWER PLENUM THRU FUEL
— To BMNPASS REGION
~ FlLLS GUIDE TUBES :
=~ TO LOWER PLENUM “THRU LEAKAGE PATI'S

SUBCOOLING INTRODUCED <o PERIPHEPRPAL.
ASSEMBLIES “BREAKS DowN® ccFL
N <
,=. MAY OCCUR SHORTWY AFTER SPRAY INITIATIOrN
— WiLL CERTAINLY OCSVYR IF CORE SPRAY~
) SPARGERS COVER

SUBSTANTIAL LIGUID  ACCUMULATION
ABCVE CORE CANNOT OcCcirR

WILL NCT DeVELOP STATIC HEAD -

SUFFICIENT T¢ REVERSE FLow -
IN JET PUMPS

—  Witl NCT DELAY REFLOODING AS |
CALCULATED BY CURRENT MODEL .
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ISR |
p ' 20 © RREFLOOD HYDZAULICS
- 3 . .
W. . 3 i \ TEST APPARRATUS
' 7| o i .aw.“
AL EL 1
= ) IR I S -
el 1S ,
. |5 ﬁ
op] | ity - 0; ‘
mwn- Y !
. 2 |
Y - : AL IR * |
= 1 | - e
| 4
Lovez. AsuB

ADIABATIC TEST SECTION WITH STEAM INJECTICN
SCALED RESTRICTIONS AT CHANNEL INLET /ouTLeT
VARIABLE, SPRAY WATER TEMPERATURE .
DEMONSTRATES REFUseD HYDRAULICS AND
SUBCOOLED CerL “BREAKOCWN Y
e 3
e . R

oy [
LA I |
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REFLOOD HYDRAULICS TEST RESULTS

CORE SPRAY - HIGH SUBCOOLING ".

- No CCFL limit, no upper plenum inventorxy build-up.

CORE' SPRAY — INTERMEDIATE SUBCOOLING .

. = 'CCFL at inlet to channels while guide/tube bypass fills.

- Once upper plenum begins to £ill, CCFL breakdown and
rapid lower plenum refill and core reflood.

CORE SPRAY - NO SUBCOOLING

- CCFL at inlet to channels
-’ Upper plenum inventory accumulation '

- niquid inventory loss though jet pump diffusers.
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SUPERFICIAL VAPOR VELOCITY

1
»
»

/

7 . /
A'.Tsub = 25F /
7/
P

-~
~____ ATsyh = 12F

~
-~

/- CURRENT CCFL “FLAGDING LINEY

ATsub = E0F I /

SUPERFICIAL LIauiD vELoary jg*

EFFECT OF SUBCOQLING ON CCFL PERFORMANCE

T

f A
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BWR REFLOOD PROGRAMS

. o o PARALLEL HEATED TUBE TEST - Begin in April

«~ Small scale, parallel heated tube experiment.
D “ . . = Model effects of CCFL in inlet and exit.

L flows. .

. » upper plenum simulation.

‘-, Look at CCFL, subcooling, vaporization.

LY

d ) - honf1ict1ng scaling laws
- Feasibility studies continue

.
a

© BD/ECC INTEGRAL TEST PROGRAM

- Investigate ECC System performance in TLTA.

~ System simulation to scale reactor conditions.

® 32 BUNDLE INTEGRAL ECCS FACILITY

= Actual system effects simulatién.

-~ Proposals will be made to NRC and EPRI

-

= Study parallel channel flow splits in low and countex-curren

© SINGLE BUNDLE SEPARATE EFFECTS TESTS -~ Begin in September

I - e Pull-scale BWR bundle:with bypass, lower plenum, jet punp, a:

e o ¢ St €
3

- large scale reactor' system mock—-up with actual reactor.hardw:
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) GENERAL ELECTRIC .
LOCA EVALUATION MODEL
- | ‘i
° CoR=. HEeATUP MoDSL (CHASTE CeotE)
- RADIAT:QN’ NoTE. . . ,
See Low Flow Fluvt BollING Mopel -
—  CONDUCTICN MODEL < -
a LoNé—TERM THerMAL HYDRAULIC MoDEL (sAre cooe
. E t.
° worK IN PRoGRE3S
> CONCLISIONS o : B | .
"{ * - - . . _“ NP e
& .‘.-
R‘UN\ 3’23"7(9 — I --
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CHASTE CODE

RADIA‘TION MoUEL chPLING. o
FUEL CLAD swez.uNc/FZUP"URE- MODEL.

CURRENT MODEL

—  INDIVIDUALL{ CALCULATED .RADM . USED. IN 7/
GAP CoNDUCTANCE aMopet.
CONVEELTIeN Mopel
METAL-WATER RSACTION AMcDEL

-_— RADIATA( ON MOUE(_ SIMPUFIED

ALL RADI IDENTCAL
NCMINAL EEFOREG FERFORATIONS

a—

1.23 X NOMINAL AFTER FIRST: FERF"RA"‘lC-

<

IMPROVED McorDEL

— INCIVIDUALLY  CALSULATED PADI USED IN
RADIATION MODEL |

— GRAY BeD{ FACTERS RECALCULATED .
EACH TIME A PERFORATION ocCurS

¥

- MODIFIED ° AFFLICATION  OF ‘EXISTING MoODEL

PWA 3-23-76 2
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L8
CHASTE Cop&
oW FLowW Fuat BolLinG MODEL
;
e . CURRSNT MODEL . J
—  PoST-NUCLEATE BOILING @ = 30 BAH"”F‘ J

( BOuNDS ELLICN , CORRELATION)

— POST - LOWER PLENUM. FLASHING ¢ .
ELLION CoRRZELATION

— FUEL ' CHANNEL HEAT TRANSFER LHEN
. COVERED BY EYPASS INVENTORY :
NOo CREDIT (SPRAY HT oNUl)

‘2
- PosT - REFLOODING- : N = 25 g /he f°F.
(EouNDS "ELLION CORRELATION)

*

. IMPROVED  MOUDEL _ ..

— MODIFISD BRONMLEY - ELLION ComRELATION
IN ALL FOUR REGIMES

GooD FIT FeR JLowW = FLow CoNDITIONS .
(cHANNESL QOOLING-, PaST- RerLoOD )

— LOWER BouND FOR CONDITIONS WHEREG
Flow NOT -GUANTIFIED (PoST—BT,
PoST- LOWER PLENUM  FLASH ING )

{w

pPWN 35-23 76
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RECGj ErZED CCRRELATION

.O-” = hygCTyTear® he(Ty Tsar)
WETE: h} . d QT\:; ~Tsar )

R W T (Ty ~ Tear )

h =C[K§gpg(pf—pg)hfg}yk
t8 ‘ I‘Lg (Tw"' TSAT) L

(TAYLOR VAVELBGTH)

o a
‘-r_ b _2”- F(h,- Py)

ASSOCIATED COESTATS:
" BROGEY: C=062 -
ELLIGH:  C= 0,714
BERGNSON (KORID: . € = 0,673

' FECGTELED FOR B DESIGH
C.= 0.6

PUM  3-23-T6
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EXPERIVMENTAL VERIFICATIOHN

o GE. SHGLE ROD
- POOL QUECH

) 8. (G..El: - BDHT
= 49-ROD BLODCN

o  HITACHI
- CHAPEL QUETCH

o PR - FEMT

~ 49-ROD REFLOD
o KU _
- F0-ROD REFALOOD

ln .

PWM 3-25-7%
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31 G — 1

[ 4

" CHASTE <CCGDE .

CONDUCTION mope .,

CURRENT MOOEL
R 4 RADIAL NODES -
—  consTANT A (radius) '

—  EXPLICIT INTEGRATION -

IMPROVED MODEL _
— 11 RADIAL NCUES '
— . CONSTANT 4 (veLume)

- FuLL IMPLICIT INTECRATION

-_ BETTER.»COMPARISON WITH ANACITICAL

SOLUTIONS

— . BETTER TIME STEP AND NCOING SENSITIVITY

ki

UM 3-23-T6




SAFE CODE

° CURRENT NloDECL
- LARGE THERMODYNAMIC NoDES
- BupgLe RISE - HGMOGENECUS Vvoips

- INVENTORY REDISTRIBUTION To"n,uo_
REGICNS (INSIDE AND QUTSIDE SHRCUD)

a IMPROVED Mobpel

' DiscmRETE PHYSICAL REGICNS  (sIMiLAR S
To REFLocD ) . 1

-~ BYDRAULIC MCOELING CCNSIDERS VOID

DISTRIBUTION WITHIN NODES .
-— INVENTORY REDISTRIBUTION IN ALL NOpeS .
D - CCFL CONSIDERED AT RESTRICTIONS _

- VERIFICATION BY SOHT DATA PREDICTICN

o APPLICATION  IDENTICAL TO CURRENT MCDEL
— speciFleD INITIAL FLOW TRANSIENT

- DRIVES REFLooD (FRESSURE, EC<S FLOowWS )
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VOID CORRELATION PARAMETERS

¢

EauaTions SoLvep -

2 (orn) + (Cofrvai) 2, (o0m) = A (0., §, 22)0rce]

ParaMeTERS -~ FrOM DRIFT FLux MopeL

- Ja=e( (o) +Vy) -
C’a = CONCEMTRATION PARAMET.ER.
Vaj = DRIFT VeLocITy
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WORK- IN PROGRESS

PR

HOMOGENEOUS CRITICAL FLOW MODEL
(LAMIB, SAFE CODES) . ‘

REFLoOD MODEL (REFLooOD €¢oDE )

‘BLOWDOWN  HGAT TRANSFER MoODEL  (SCAT cope)
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. HOMOGENE oS’ CRITY cAl FLow nopet (cont) . ]

TIWO CHOKED CONDITIONS .

[ CECOMPRESSION

. FLCW PATTERN SUP FLOW oo
. TRANSITION . . -

N '
Ce . 00 LN m ~ ~———I= DISCHARGE
-., .o -.: — L //' .

L. HCMOGENECUS. . eup
CHOXING . '+ CHOKING
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REFLOOD MoDEL

.
¥ ee » . . H
.

- ma

o . CONSOLIDATE SAFEZ2 AND REFLOQD CODES IR
— CONSISTENT BQOKKEEPING OF
- INVENTORY
LEVEL

PRESSURE

—  ELIMINATE NEED For “ARTIFICAL™
ADJUSTMENTS AT SAFE /REFLOOD INTERFACE

> IMPROVED PREDICTION ofF SYSTEN FLOWS
— FLow COASTDOWN TRANSIENT

—~  pPreEssSURE DROF DRIVEN FOW DISTRIBUTICN

° INCCRPORATE NEW FDATA AND PHENOMENA °
- NEW CCFL CORRELATIGN AT UPPER TIE ALATE

- ccFL AT BUNOLE INLET

— ccrL M BREAKDOWN™
- ‘NEW BYPASS To LOWER PLENUM
LEARAGE DATA

PAM_ 3722
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. BLOWDOWN HEAT TRANSFER MODEL : :

o LOW AND COUNTERCURRENT FLOW CAFABILITY .o

e. crITICAL Power. / BollING TRANSITIAON g
TRACKING BY ROD GROUP ‘

° sTEaM AND Y FALLBACK " CooLING

o CONSISTENCY WITH 'CORE HEATUP AND F.{EFLCOD MCDEL=
-  LEVEL TRACKING . ’
- MULTIPLE ROD Gs:szs
—  TRANSIENT GAP CONDUCTANCE .

- CCFL’ AT RESTRICTIONS

— PWM 3-23-75 . 15-



LocA EVALATION MCEDEL PRISRANMS

EEFECT ON FEAK CLADDING TEMPERATURGE
. (ONZ SIGN: <SoF — TWO SIGNST 50-I1SCF — THRe= SIONS: >ISoF)

€

° CHASTE coos (CURRENT IMPROVEMENTS)

- RADIATION -——
tow Elow FitM BolliNG
_ ™. CONDUCTION

° SAFE ZoDE (CURRENT IMPROVEMENTS), -

[

° HoMOGENEOLS CRITICAL FLowW

° REFLOQD CODE

v —~ PRESSURE AT INTERFACE * +
— INVENTCRY AT, INTERFACE .-
~ NEW CCFRL AT UPPER TIE PATE +
LT - CCFL AT BUNDLE INLET -
o | = CcFL " BREAKDOWN"
- = NEW LEAIAGE PATHS -

.Lé:.,k:.-_, '.. . . ,-. -BLOLUDO‘,\IN HEAT ’IRANSFER ’V‘ODEL-

v
.
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1800 e — - P i.’ = _
. PRy . -4 1200 :
1600 |~ . - S ’ .
— . :
1400 |- pd i
12C0 / \ 1 s .
A l o .
7 784NCH (200-cm) SLEVATION s .
1000 = rvemmanss DATA — TEST 4504 RUN 43 ~$ 800 % -
SATURATION = e == FREDICTION BASZO ON § ,
800 ENT BWA L
. TEMPERATURE EVALUATION MZTHOO § .
600 b= ~1 600 :
. N S amrns . -
400 [~ ‘~~~.~' a6 oy .‘i
200 L L ! ~31 400 *
o . 40 0 oL
TIME (sec) . .
POST LOWER PLENUM FLASHING i
. “owen PLENUM FLASHING . - ST o
COASTDOWN "WINDOW ) . 1
CORE FLOW PERICOS PR
» [
SO
. . Figure 12, High Power Rod PCT for Pesk Power Test . =t
* * .o N T )
BloWDowN HEAT TRAMSFER
APPENDIX. X PREDICTION VS. BDHT DATA
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LocA EVALUATION . MODEL PROGRAMS

CONCLUSIONS ‘

RESS . ON AtL FHASES GF MooEL

o  WORK IN PROG

¥

.NEW DATA AND NUDELING SOPHISTICATION
SINCE DecaMpeil 1974 ¢

L g

— ' PROVIDE BASIS FcR GRE;ATL. IMFROVED PREDICTIC

- INDICATE " PLUSSEs AND MINUSES™ WUicH ©
WILL BE [INCORPORATED :

SHOW OVERALL CONSERVATISM & -PRovloe
BASIS FoR FREGDUCING OPERATING.

RESTRICTIONS

> IMPROVEMENTS TO BE INTRODUZED IN CCMPLETE
AND SUBSTANTIAL “ PACKAGSES” . ‘

[

° FIRST “Packacs” Is READY FoR IMPLEMENTATICON .

—  CHASTE C(Ca0¢< '
~— . SAFEZ2 CoOCE . ‘

|
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