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SUMMARY OF MEETIHG WITH GENERAL ELECTRIC COMPASY

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 Mode1..

'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.

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

General 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 abnipt cone contrac-
tions under certain pressure/temperature conditions. For B!64'2,
3 reactors. the fine, high velocity type nozzles are. used to cover
the peripheral fuel wh11e the coarse low velocity type cover the
remainder of the core. Therefore it is concluded that core spray
distribution will be little changed by a steam environment in
BMR/2, 3 type reactor configurations. BVR/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. BHR/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 of 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.

The VNC nozzle used on BVR/4, 5 reactors showed an abrupt cone con-
"traction in steam. The VNC nozzle, without a deflector in air,

, gave the same spz'ay pattern as an open elbow nozzle in steam. The
VNC contracted pattern in steam is twice as broad's an open elbow
nozzle in steam and a VNC without deflectors in air. The simulated
VNC cone contraction in air, showed a signigicant change in spray
distribution with VNC deflectors removed. For the single sparger



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 26Z 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 regions. The double sparger tests,
with no air updraft, resulted in full distribution with no channels
below the minimu5 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 spray failed) leaving only one
core spray sparger available, and with the test results showing
that only 75Z 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 cur'rent 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 core spray distribution model will be
developed to investigate the sensitivity of BHR!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 during a LOCA. Separate effects studies include single



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 one get pump flow path. Adiabatic
tests are being run with steam infected into bundle flow
paths'o 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 program is being
run to quantify parallel channel hydraulic stability and
CCFL breakdown.

P

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 performance is evaluated under
transient conditions representative of the LOCA~ including
feedback from the system hydraulic characteristics.

Modifications to the'wo-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
reactor components including 32 full size bundles incorporating
actual tie plates, apacers, 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.

2. 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.



A modified Bromley-Ellion correlation 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 11 nodes vs 4
nodes, constants volume vs constant~ radius, full implicit
integration, and better time step and noding sensitivity.

3. SAFE Code Potential Improvements

The improved model will use discrete physical regions (instead
of large thermodynamic nodes), hydraulic modelling wi11 consider
void distribution within nodes, inventory redistribution will
be considered in all nodes, CCFL will be considered at restric-
tions. A homogeneous critical flow model with choked conditions
at two regions, t'o be incorporated into LAMB and SAFE, is
now in progress.

GE plans to show the overall conservatism in the evaluation model
and provide a basis for reducing operating restrictions.
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4 SIEHIFICNA'P|'KE IH BISTRIETIPJ NIH VX %FURORS 8BGtEO

DEFLECTORS OUI'

RlLL KYHVGE tF CUE, PDEUATE BISIRIKITIKl

MINI%8 CHANNEL FLONS (6PM)

PERIPHER ICE'KVhIK

DEFLECmRS fN 3,IG - 5.92

3'2 6,85

CRHKE

0,62

3.35

DEFLECTGRS IN: KRE lSIFORfl PATTE% BUT SIMItAR MINIMA

~ N)PAFT GXLO tOT EE ~0 SI6H R 8< "Sl~"PllG""0"; i'Gl-IlSFii-
fBfH CNBELS) - fKMLYl'GJLO IlPl9fE FESJLTS 8 I6lm.Y



DISCUSSION OF SINlATION

~ NIS SHIFT fmf'IfKAK)COT QNiKFIB AT THE 0F TESD

SHIFT DIRECTION PRIMARILY HORIZONTAL

~ICAL SPARGER CONSTRUCTIM: HALF SHIFT CCH) HALF

SHIFT CM

4 KKNCHViK PATER| IS 1'G(Z AS MKE AS fE9IFIHj ViK

OSE Itt SIfIJiATIOll

AIR TEST YAS NRE SEVERE PATTERN CHNSE THAN REACTOR

CASE

EFFECT OF CRK At4XE CYANGE HAY BE OVERPREDICTED BY

%K AIR TEST

4 3976 KS1'S MLL

CNNTIFY NOZZLE PHFGR%KE NRIZONTALLYIN STSN

SINLATE THE EFFECT %RE PRECISELY IN AIR TESTS
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SUitAARY At8 CCNXlSIONS

. 9 SI%1E-9'NEER TESI'tITH GKIIRKTINlSHIFTED

LESS UNIFORM IN ORIGINAL OPTIMIZE DESIGN

l3 2'F SAMPLE CHAtNELS LESS %AN DES18< RKUIREt'KNT

GCOD CSKIN OF Ei'tTIRE CORE - MINMlFLNI lig Ql
FROM LVnER SPAR~g 2e03 GPM FROM UPPER SPARGER

(UPDRAFT CASES)

o IO|E&PAKER TEST HITH Kf(NACTIO;lSLKATH)

BETIER DISIRIBtJI'ION &AN SIME SPARGER

LESS UNIFORM M4 DOUBLE-SPARER TEST WITH tQ CONTRACTION

(+Nlrb< FLO;~S SIMILAR)

lm CHANNELS LESS |HAN DESIGN) RECQIREiKNT: MINING FLGM

Be35 GPM

o mALITATIVECO,'KLLISIOlS FQl AIR TESTS
J

SUPERPOSITION OF FUNS FROM NNY NOZZLES CONTRIBUIES TO

UNIFORMITY OF DISTRIBUTION

INR CORE SPRAY DISTRIBUTION CAN TOLERATE VERY CREAT CO'tE

ANGLE CHNGES HliMUT CORRESPONDING DECRAEATION OF DISTRI-

BUTION



0
EFFECT ON BWR/0

CONCLUSIONS

~ TMO-SPARGER TEST EXCEEDS S,25 GPM DESIGN REQUIREi'lENT

CORE SPRAY CORE SP.RAY ', 2 LPCI 2 LPCI

SINGLE FAILURE

(kPCI INJECTIDN VALVE)

'EFLOOD TIi'IE: 240 SEC

PEAK CLAD TEYiPERATURE (FULL SPRAY HEAT

TRANSFER): .2200F (BY DEFINITION)'I
I

o SINGLE-SPARGER TESTS PRODUCE i"iORE THAN HALF OF 5.25 GPl'1 DESIGN

REOUIRENENT

CORE SPRAY CORE SPRAY 2 LPCI 2 LPCI

SINGLE FAILURE

(DIESEL-GENERATOR)

REFLOOD TIf1E: 110 SEC

PEAK CLAD TEi'1PERATURE (HALF SPRAY HEAT

TRANSFER): 1950F
I

e CONCLUSIONS

- LPCI INJECTION VALVE IS STILL MORST SINGLE FAILURE .

- CURRENT NPLHGR LINITS APPROPRIATE

- LPCI-NODIFIED PLANTS RESULTS SIHILAR



o 9PERIt=fiAL

o Al'NLYI'ICAL

m 3/B/76
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4 ASE'A SI/liLE~,G22LE TERS

DETAILED DISTRISN'ION TESTS OF ALL GE K~e

> H3RIZOfA'ALSIXIE. f'l22LE TESTS IH SIEVl.

RJLL KALE TESTS,')IITH i'022LES, MIFIED 1l3'F'"ilE
H3RI2M'AL SK"t TEST, PEiJLTS;

> 3/6, KWgSIEN1. BiVIPD/ZA! T27-*

CONFLICTING'CALING'EQUIREtKN'S>

FEASIBILITY STUDIES; CONflNUING;



NALYTICAL

o SI%tF=DUPLET fKEL

0 SffGHDZZLE fUDEL

KCHANI8% FOR STEAi I SBISITIVIlY

TRAJECIQRY

e lllLTIR&iDZZLE 'IHIPJKTKfffKB.

4 "6LOPAL" EK SPIRY DISIRIBlTIO'If'COB

-. "IO INVESTIGATE SENSITIVITY OF BNRAp5

TQ FACILITATEDES IQ! OF. BNR/6



SQ%%Y OF STATUS

~ OMEGA: 9%Y t022LE COtK NGLES ALTER) Ii) PRESRIRIZE SlPII AVKPHEE

SNLL EFFECT ON NST WR NOZZLES

VNC NOZZLE (USED IN BtlH/OpS) EXPERIENCES ABRUPT CONTRACTION 7-3$
AXIS SHIFT

-. BNR/0 DISTRIBUTION TESTS NI'IH SIMULATED CONTRACTION OF V'tC NOZZLES
r

DISTRIBUTION OVER M'IRE CORE WITH EITHER SPARCER IM)IVIDUALLY

DISTRIBUTION NITH BOTH SPAR~S OPERATING: LESS IjllIFNMTHAN

NOMINAL CASEp BUT SATISFIES DESIa REQJIRQKG'OR MININl'!

BlMLE FUN

CALCULATED PEAK CLADDING TPPGQTURE CONSERVATIVE IN REACTOR

EVALNTIOt5
EXPERIMENTAL

PROGRAM Ut4)EELY TO FURTHER CPARACTERIZE AtS QUANTIFY

EFFECTS

e GKUJSIM

NOZZLE-TO-NKLEi SPM-%"SPARGER SUPERPOSITION COMPENSATES FOR ~

SEVERE SPRAY COtK ANGLE CHAGRES

CCFL EFFECTS ON DISTRIBUTION ARE PROBABLY OF NET BBtEFIT

CNRENT ttA1MR LIMITS ARE APPROPRIATE %ILE EXPERIMENTAL PROGRAt'5

ARE NDERNAY

pw 3/23/76
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REPZOOD HYDRAULICS TEST RESULTS

o CORE SPRAY - HIGH SUBCOOLING

No CCPL limit, no upper plenum inventory build-up.

o CORE SPRAY — IieTEEQKDIATE SUBCOOLING

'CCPL at inlet to channels while guide/tube bypass fills.
Once upper plenum begins to fill,CCPL breakdown and

rapid lower plenum refill and core reflood.

o CORE SPRAY - NO SUBCOOLING

CCPL at inlet to channels
-* Upper plenum inventory accumulation

Liquid inventory loss though jet pump diffusers.

4
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BWR REFLOOD PROGRAMS

o PARALLEL HEATED TUBE TEST - Begin in April
Small scale, parallel heated tube experiment.

Madel effects of CCFL in inlet and exit.
Study parallel channel flow splits in low and counter-curren
flows.

o SINGLE BUNDLE SEPARATE EFFECTS TESTS - Begin in September

Full scale BNR bundle with bypass, lower plenum, get pump, a:

upper plenum simulation.

Look at CCFL, subcooling, vaporization.

Conflicting scaling laws

Feasibility studies continue

o BD ECC INTEGRAL TEST PROGRAIii

Investigate ECC System performance in TLTA.

System simulation to scale reactor conditions.

o 32 BUNDLE INTEGRAL ECCS FACILITY

Large scale reactor system mock-up with actual reactor.hardwa

Actual system effects simulation.

Proposals will be made to NRC and EPRI
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RECGIE." 8 CC"-SHATIQl

(TAYLORQ%lZM)

ASSOCIATED GESTE~AS:

BKf"iaaf: C = 0,62

ELLIS: C 0.710

BEFBtSE (fGRIZ): . C = 0,6Pi

KKf'iEKED FOR B~R KEIG)

C 0.62
'
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VOID CORREIPtTIO>t PARAf'DIETERS

EQUATlONS SOLVED

(„t A) = Q f; (', ) + I ~P ) I ~I'P )

PARANETERS - FROI'1 DRIFT FLUX I'IODEL

Jg - Q ( Co) y yj))

~R CONCENTRATION PARARETER

yZ - DRIFT YELOCIn

10,.
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