UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20855

JUN 12 1979

MEMORANDUA rOR: Zoltan R. Rosztoczy, Chief, Analysis Branch, DSS

THRU: L.E. Phillins, Section Leader, Reactor Analysis Section;
Analysis Branch, DSS {;7_'/3

FROM: Wayne Hodges, Reactor Analysis Section, Analys®- Branch, DSS

SUBJECT: SUMMARY OF MEETING WITH GENERAL ELECTRIC

A meeting was held with General Electric on May 24, 1979, to discuss
implications of Two Loop Apparatus (TLTA) results on the GE ECCS
evaluation model. Further discussions were held on model deficiencies,
other than those suggested by TLTA, which are being evaluated by GE

and by the staff. Enclosure 1 to this letter is a summary of the
meeting. Slides presented by GE are included as Enclosure 2. Enclosure

3 is a Tist of meetia, attendees.

Wayne Hodges

Reactor Analysis Section
Analysis Branch

Division of Systems Safety

cc: w/enclosures
Meeting Attendees
Joe Ferris
ACRS

; Tech. Assoc.
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Enclosure 1

Summary of May 24, 1979 Meeting With General Electric

Reference 1 compared tests 6007, no ECCS and test 0405, low ECCS flow, from
the blowdown heat transfer program. Contrary to intuition, the pressure
transient with ECCS flow was slower than for nc 5FCS flovi. In October, 1978,
GE was requested to explain why the test with £CC injection had a slower
pressure transient than a similar test with no ECC injection. GE proposed
two possibilities: 1) increased vapor generation in the bundle due to water
storage in the bundle, 2) lower volumetric break flow because of a higher
liquid fraction for the case with ECC injection. Of the two possibilities,

the higher vapor generation seemed more likely.

The prospect of higher vapor generation than anticipated in the simulated

fuel bundle implies that the vapor generation in the SAFE and REFLOOD codes

may be non-conservative. The staff and GE heid several discussions and meet-
ings on the subject and in February, 1979, a letter was sent to GE (2) request-

ing details of .. parisons of evaluation model calculations with test Jata.

After extensive evaluation of the test data, GE concluded that the slower
depressurization observed with ECCS injection was due primarily to the differ-
ence in break flow. In fact, the vapor flow rate exiting the upper plenum of
TLTA was less for the ECCS injection test than ror the test with no ECCS in-

jection.

Based on this new interpretation of the TLTA data, GE concluded that the
information requested in reference 10 longer needed. As an alterna-
tive, GE proposed to submit a compar on of the peak cladding temperature

as calculated by the evaluation model and as measured in the test for twe
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TLTA tests (average power, average ECCS flow and average power, nc ECCS
flow). The GE argument is that this comparison shows significant con-
servatism in the overall calculation (approximately 1000°F) and thus no

detailed evaluation of submodels within the avaluation model is required.

GE complained that new ECCS inputs to the NRC always create crises; even
when the overall model is adequately ccnservative. They urged the use
of creative judgement on minor issues and suggested that we pull together

to solve real problems.

The staff acknowledged the GE viewpoint and expressed a degree of sympathy
with it. However, the staff is compelled to satisfy 10 CFR 50.46 and its
Appendix K.

The differences between the GE and NRC positions can be summarized as follows:
GE feels that they have demonstrated overall conservatism in their evaluation
model. They, therefore, believe that submodels within their model could be
nor: -conservative without violating 10 CFR 50.46 or Appendix K. The staff
disigrees with GE in this particular application; submodels not specifically
addr 3ssed in Appendix K but which may substantially affect the peak cladding
temperature should be either best estimate or conservati. . The fact that

the o aluation mode! predicted conservative results for a single, one-dimen-
sional . test does not substantiate that the same degree of conservatism exists

in a r actor calculation. -

In a: essing the TLTA data, GE uses qualitative argument to reach four basic
conelusions: 1) slower depressurization res.lts from higher 1iquid break

flow-1ess vapor from core region with ECC; 2) vaporization data base is appli-
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cable after approximately 40 seconds-negligible reactor effect; 3) high heat
transfer is applicable to both average and peak cladding temperature. T-e
staff agrees that this qual ‘ative assessment is probably correct. However,
quantitative information is needed to support the qualitative argrment. The
information requested in reference 2 and additional information to subsfantiate
the arguments concerning break flow and vapor bundle flow are needed. New

neat transfer data would be required to obtain credit for the increased heat

transfer in the cHASTE code.

GE also discussed staff concerns on model deficiencies referred to as the
Leibnitz rule approximation, and h = 4. In the Leibnitz approximation, GE
used absolute rather than relative steam velocity in calculating with a mov-
ing boundary in SAFE and REFLOOD. GE has performed studies on representative
plant types to demonstrate that the maximum increase in cladding temperature
due to the Leibnitz rule approximation in SAFE is *10°F' In July, 1979, GE
will submit analysis results and bounding case argument to show that the
combined effect in SAFE and REFLOOD will be less than +20°F. Based on pre-
liminary results, GE was confident that they could demonstrate an effect

of less than +20°F.

GE presented an analysis which showed that use of an increased heat transfer
coefficient in SAFE (h= 12 rather than h = 4) results in a decrease in peak
cladding temperature. However, the manner in which the heat *transfer tmansi-
tion from nucleate 50iling to the h = 4 regime was performed is not clearly
conservative. Therefore, the conservatism of the heat transfer transition

in SAFE should be justified.
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Action I[tems

Several action items resulted from the meeting. They are:

1.

o
.

GE is to supply a written narrative to accompany the slides presented at
the meeting. A date for submittal of the narrative has not been negotiated
yet. '

GE should strengthen the evidence that the steam seperator AP is a positive
indication that the core region contributed less steam with ECC and tnhat

tre slower depressurization was cont-olled by increased liquid break flow.

GE should quantify and explain the scaling principle for TLTA. Existing

documentation may be used for this purpose.

A more detailed description of the tests and facility for the vaporization
tests is needed to show that there ar2 no significant difference. ..nen
compared to the test program associated with the present data. GE committed

to supply the comparison but no date was discussed.

GE must either justify that not includinec CCFL at the bottom (side entry
orifice) is conservative or put it into their model. Some information has
been supplied by GE in previous submittals but r~eview of that information
after the meeting shows it to be incomplete. No date for submittal of the

information was discussed.

BE was requested to discuss the cucnditions required for water to accumu-

late at the grid spacers.

- The conservatism of the heat transfe- transition in SAFE should be justified.
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GENERAL ELECTRIC
AGENDA

ECCS MODEL ISSUES - EXECUTIVE OVERVIEW

o INTRODUCTION : G.G. SHERWOOD
¢ DISCUSSICN OF TECHNICAL ISSUES G.E. DIX
- TLTA

- LEIBNITZ RULE

o ECCS PROGRAM COMMENTS H.H. KLEPFER
o  SUMMARY G.G. SHERWOOD
GGS
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BACKGROUND 0if ECCS MODELS

B PROBLEMS :
1. NEW ECCS INPUTS TO NRC SEEM ALWAYS TO CREATE CRISES
2. ECCS MODEL IMPROVEMENWTS MEVER SEEM TO GET APPROVED

] EXAMPLES OF CRISES
- ECCS INPUT ERRORS ~ NOV. 7%
(DELAYED TWO HEARINGS)
- TLTA, LEIBNITZ, HEAT TRANSFER ~ FEB. 79
(DELAYED BLACK FOX HEARING FINDINGS)
(CAUSES LICENSING BOARD CONFUSION)

. LAWYERS TELL US STAFF HAS AUTHORITY FOR BALAWCED JUDGEMENT
- NRC MUST INTERPET 10CFR50.46

- PERSFECTIVE
- 20° INCREASE IN CALCULATED PCT WITH 1000° MARGIN
PRESENTS MAJOR CONCERN TQ STAFF
- THIS THINKING APPEARS OUT OF FOCUS

€GS
5/24/79
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LOCA EVALUATION MODELS

COMMISSIONERS

OVERALL THE LOCA MODEL MUST BE ADEQUATELY CONSERVATIVE

APPARENT NRC POLICY

IT MUST BE SHOWN THAT ALL OF THE SUBELZMENTS OF Thi MODEL ARE
CONSERVATIVE REGARDLLoS OF THE OVERAL. DEMONSTRATED LOC.. ODEL
CONSERVATISH

GE VIEW

COMMISSIONERS DO NOT REQUIRE SUBELEMENT CONSERVATISM
OR THEY WCULD HAVE SO STATED

- APPENDIX K DOES NOT REGU.*c EACH SUBELEMENT TO BE CCHSERVATIVE

= FINAL ENVIROHMENTAL STATEMENT RECOGNIZES SELECTIVE COWSERVATISMS

- JUDGEMENT ON COMSERVATISM SHOULD BE MEASURED AGAINST 10CFRSQ.46
CRITERIA (CALCULATED PCT)

GGS
5/24/7°
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SUMMARY

* GE BELIEVES 1OCFRS0.45/APP K REQUIRES OVERALL LOCA MODELS
ONLY BE “ADEQUATELY CONSERVATIVE" THROUGH PCT - NOT
NECESSARILY ALL SUBELEMENTS

. BALANCED JUDGEMENT NEEDED FOR EVALUATION OF NEW INFORMATION
- TESTS GIVE GOOD AND BAD HEWS
- CAN'T IGNORE MODEL IMPROVEMENTS

’ EXTENSIVE EFFORT SPENT ON SEVERAL MINOR VARIATIONS WHERE
1000°F MARGIN DEMONSTPRATED

) LET’S LEARN FROM THIS EXPERIENCE GN ECCS CRISES

s LET’S USE SOME CREATIVE JUDGEMENT OW MINOR ISSUES AND
PULL TOGETHER TO SCLVE REAL PROBLEMS

SIGNIFICANT MODEL CHANGES FOR SAFETY

LONG RANGE ECCS IMPROVEMENTS

DAY-TO-DAY APPENDIX K "CONFORMANCE” REQUIREMENTS

GES
5/24/79



TECHNICAL ISSUES

TLTA BACKGROUND

TLTA/ECC CONCERNS

RECENT DATA INTERPRETATIONS/IMPLICATIONS

TLTA/EM COMPARISON

LEIBNITZ RULE ISSUE

GED

5/24/79
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BASIS

PRELIMINARY INTERPRETATION OF TLTA/ECC TEST
(WINTER 1978)

DEPRESSURIZATION TRANSIENT CHANGED

- HEAT TRANSFER
- BREAK FLOW

PCT DECREASED WITH ECCS
INCOMPLETE DATA EVALUATION

SIMPLE BOUNDING ANALYSES

PRELIMINARY CONCLUS [ONS

DEPRESSURIZATION RATE SLOWER WITH ECCS

APPARENT HIGH LIQUID DENSITY IN BUNDLE WITH ECCS
IMPROVED BUNDLE HEAT TRANSFER WITH ECCS

PCT TSCREASED WITH ECCS

GED
5/24/75



NRC STAFF CONCERNS WITH PRELIMINARY CONCLUSIONS

[. DEPRESSURIZATICN CHANGE COULD RESULT FROM HIGHER BUNDLE VAPCRIZATICN

I1. VAPORIZATION DATA BASE POSSIBLY INAPPROPRIATE
- HIGHER LIQUID CONCENTRATION IN CORE

I11. HIGH HEAT TRANSFER POSSIBLY NOT APPLICABLE FOR PEAK BUNDLES
- ADVERSE BWR PARALLEL CHANNEL CPFECTS

IV. HEAT TRANSFER IN SYSTEM CODES (AVERAGE BUNDLE) TOO LOW

GED
5/24/79



G- INTERPRETATION OF PRELIMINARY CONCLUSIONS

e NET E-FECT VERY FAVORABLE

- HEAT TRANSFER DOMINATES
- LOWER PCT WITH ECCS

FURTHER DETAILED DATA EVALUATION NECESSARY
o APPROPRIATE TO EVALUATE NRC STAFF CONCERNS

APPROPRIATE TO DEMONSTRATE EM CONSERVATISM FOR TLTA

GED
5/24/7%
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RECENT DATA IMPLICATIONS TO NRC STAFF CONCERNS

1. DEPRESSURIZATION RESULTS FROM HIGHER'LIOUID BREAK FLOW
- LESS VAPOR FROM CORE REGION WITH ECC

1. VAPORIZATION DATA BASE APPLICABLE AFTER ~40 SECONDS
- NEGLIGIBLE REACTOR EFFECT

III. HIGH HEAT TRANSFER APPLICABLE TO PEAK BUNDLES
- NO DRIVING POTENTIAL (eP) DIFFERENCES

IV. INCREASED HEAT TRANSFER IN SYSTEM CODES REDUCES PCT

- LOWER PCT WITHCUT PEAK BUNDLE CREDIT
- MUCH LOWER PCT WITH REALISTIC PEAK BUNDLE CREDIT

GED
5/24/783
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BUNDLE DIFFERENTIAL PRESSURE FOR AVERAGE POWER,
NO ECC TEST (6406 RN 3)
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FIG.(3), COMFPARISCN OF BUNDLE
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SYSTEM CODE HIGH HEAT TRANSFER

SAMPLE REACTOR CALCULATION RESULTS
o MOST SENSITIVE PLANT

o SYSTEM EFFECT ONLY (SAFE/REFLOOD)

- AVERAGE BUNDLE TLTA HEAT TRANSFER
- 95°F PCT DECREASE

o REALISTIC EFFECT (SAFE/REFLOOD & CHASTE)

- ALL BUNDLE HEAT TRANSFER
- 335°F PCT DECREASE

ACTIONS REQUESTED
o ADDITIONAL SAMPLE CALCULATIONS

PLANT SPECIFIC
BREAK SIZES

GED
5/24/7%
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CURRENT TLTA STATUS

IMPROVED DATA EVALUATION
o SLOWER DEPRESSURIZATION NOT CAUSED BY
BUNDLE VAPORIZATION

¢ VAPORIZATION DATA BASE REPRESENTATIVE
AFTER 40 SECONDS

o SIMILAR RESPONSE FOR PEAK AND AVERAGE BINDLES
o NO BWR PARALLEL CHANNEL INTERACTION POTENTIAL
o HIGH HEAT TRANSFER EFFECTS DOMINATE

o NET RESULTS VERY FAVCRABLE

PLANNED TLTA EFFORTS
o DETAILED EVALUATIONS CONTINUING

e [MPROVED CODE ANALYSES EFFORTS

o MEASUREMENT IMPROVEMENTS

o [MPROVED FACTLITY AWAITING NRC APPROVAL

e P
1 - ——— e,
’ "

GED &
5/24/79



LEIBNITZ RULE

BACKGROUND
e BOUNDING MODELS INCLUDE VARIQUS APPROXIMATICNS
DOCUMENT NEDO 10329

o APPROXIMATION CHALLENGED AS NOT MATHEMATICALLY
RIGOROUS

o NRC STAFF CONCERN THAT THIS IS A LARGE EFFECT

SED
5/24/79
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LEIBNITZ

(CONTINUED)

RESULTS/STATUS
o NET EFFECT IS TO ACCELERATE LEVEL MOVEMENTS

o SAMPLE CALCULATIONS BEING MADE WITh FULL
LEIBNITZ RULE

o EFFECT ON PCT FOUND TO BE SMALL<X10°F

ACTION/STATUS
¢ SAFE CODE CALCULATION VERIFICATION IN PROGRESS
e REFLOOD CODE BEING ASSESSED
e EXPECT TOTAL EFFECT TC BE<:20°F

CONCLUSION
o SECOND ORDER EFFECTS

o ORIGINAL APPROXIMATION VALID

GED
5/24/79

ty



ECCS PROGRAM COMMENTS

RECENT TLTA DATA INTERPRETATION FAVORABLE
VAPORIZATION CORRELATION IS APPROPRIATE

NRC TECHNICAL CONCERNS BEING RESOLVED FAVORABLY
t ARGE MARGINS BEING CONFIRMED - TLTA/EM

MARJOR RESOURCE COMMITMENT ALREADY EXPE*DED

MAJOR RESOURCE COMMITMENT REQUIRED TO CLOSE
CURRENT STAFF REQUESTS

STAFF REQUESTS CONTINUE

GE SHOULD CONCENTRATE FUTURE RESCURCES ON
MORE IMPORTANT BEST ESTIMATE WORK

HHK
Y/24/78
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AGENDA - TECHNICAL PRESSNTATION

INTRODUCTION A. J. LEVINE

LATEST TLTA INTERPRETATIONS 6. E. DIX

iLiA/eM COMPARISON RESULTS A. S. RAD

REACTOR IMPLICATIONS A. S. RAD
LEIBNITZ RULE

HIGH HEAT TRANSFER

STATUS OF DEVELOPMENT OF G. £, DIX
IMPROVED LOCA CODES
SUMMARY AND CCHCLUSIONS A. J. LEVINE

AJL
5/24/7¢



TLTA/IMPROVED LOCA MODEL

PURPOSE OF MEETING

B DESCRIBE ADDITIONAL INTERPRETATIONS RESULTING FROM
EVALUATION OF TLTA.DATA

* PROVIDE PRELIMINARY RESULTS OF THe TLTA/EM
COMPARISON

) DESCRIBE WHAT GE IS DOING AND HAS DONE IN AN
ATTEMPT TO OBTAIN AN IMPROVED LCCA MODEL

- OBTAIN UPDATE ON REVIEW SCHEDULE OF GE MODEL
SUBMITTALS

¢ DISCUSS THE GE TLTA DRAFT PROPOSAL LETTER

RNW/LYH

5/24 /79



TLTA MATRIX

NRC REQUESTS

“SEPARATE EFFECTS”

3 COMPARISCHS (TLTA TESTS)
AVG. ECCS, AVG. POWER
LOW ECCS, AVG. POWER
LOW ECCS, HIGH POWER

7 SEPARATE PHENCMENA
TEMP, PRESSURE, BUNDLE MASS/LEVEL
LOWER PLENUM MASS/LEVEL, BREAK FLOW,

GE PLANS

“OVERALL RESULTS"

1 COMPARISON

AVG. ECCS, AVG, POWER*
*ALREADY COMMITTED FOP 6/7°
WORK IN PROCESS, WILL COMMIT
TO EVALUATE WEED FOR ADDITION
COMPARISONS AFTER 6/79

1 SYSTEM PHENCMENA - PCT
(6007, 6406)

CORE INLET FLOW, BUNDLE STEAM FLOW (IN/QUT)

4 SENSITIVITY STUDIES
STEAM GENERATION, BUNDLE WATER
HOLDUP (SAFE & REFLOCD)

RNW/LYH
4/26/7%

BOUNDING APPROXIMATION
CALCULATIONS
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SUMMARY

. GE's TLTA PROPOSAL APPROPRIATE BASED ON
NEW INFORMATION

- GE TO COMPLETt VERIFICATICN OF PRELIMINARY RESULTS
- TASK COMPLETION - JUNE ‘79
- GE WILLING TO CONSIDER ADDITIONAL

COMPARISONS AT THAT TIME IF APPROPRIATE

- GE's COMMITMENT TO LOCA MODEL IMPROVEMENT CONTINUES
TO BE SUBSTANTIAL

- CONSIDERABLE EFFORT ON ZEUS & THRST

« GE BELIEVES BEST ESTIMATE MODEL IS JUSTIFIED

- JOINT EPRI/NRC/GE PROPOSAL

RNW/LyH
5/24 79



TLTA DATA INTERPRETATION

TECHNICAL DETAILS

e TEST DESCRIPTION SUMMARY

o SYSTEM FLUID LEVEL
- (CONDITIONS TN BUNDLE

- (COMPARISCN WITH VAPORIZATION DATA BASE

o ECC EFFECTS ON DEPRESSURIZATION
- BUNDLE VAPORIZATION
- BREAK FLOW CONDITIONS

Q

GED
5/24/79



TWO LOOP TEST APPARATUS (TLTA-5) WITH
EMERGENCY CORE COOLING SYSTEMS

r’,\
( . {\Q—ﬂ‘:tn—.“{}f_‘ l rory
m ‘_‘”’> 1 ' AT UF TANK ,
I ‘I l"ﬂl'l:.
[ :1 . - — - -\7\
S

. ] Il
L)
= L= | LY
l Lo
1 F e
B - —
'
'
iHyrerever PAEDWATER LY
s
BLOWOOWN L iINES
$omeRE A0
LR

|
|
—_
33
S
i




REFERENCE TEST (AVE. POWER, AYE ECC) B.C.
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SYSTEM FLUID LEVELS
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6406 RUNI TWO-PHASE LEYELS
SHOW TLTA REFILLING
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6406/ CCFL @REAKS DOWN AT BrPass
(~ 108 SEC) (~ 150 SEC)

(s |
Toeane
: . : nES
Y =T € o
t 1-?{1.!:].."’ ‘1 ‘chos‘~ —(tw‘i*‘
B Y £ AN o 133
‘{ : :?- {@ma) m (8
. r 3 K c
')
17 S
: < ; ;
- y — 1
‘. e, : ..,s
4 6406/1 SYSTEM FILLING

(~ 160 SEC)



1
BUNDLE DIFFERENTIAL PRESSURE FOR AVE. FOWER AVE.EcCC TEST (6406/.)

6.0 ————— —— e = —
40.00
o aa WI
& o
¥ ”,——TNLu-oo'
: €L 190"
o 30.00
- . O S —1 ma ) PR | .- _— o
0.
. AunMine
(I LAY ING m
e MaATeo LaMste
- FREDOMIN + I ¥ PREDOMBMATE LY 20'(_X)
L e APOR qu INUUM
) COMiuam
2.0 — _— ~ e
d' d‘JjE-—L—ﬂL €wo
rJ
| | 10.00
EJ\ ]
)
' l*\h‘q
§ 14 fus |v H” ) \ \M
ll‘V'l"l",.'.t M \ ' | ; '.‘l"\| J|' ,( " " ‘“’ P\NVH\IJ
0.00 "'\'”i‘ L ‘ \..n.lu....u../ ﬁr'm'r'" v LT T B
% 34 40
10.00 70.00 150,00 330.00 3|0.00

_POOR ORIGINAL oo

DELTR P KPR




———— e ———————— - i —— ———
e - — e o

SON0ODIS) W] .—qz—a—== zcaqh

NC"01¢€ c: 0€ 00091 co.:\ 00 "0l -
e b e e " - ~—40"°0
e e lA.l .-.. .... .‘.- . g ! 4\\ x _. \ P. —.. . ]
I M T A S YT
440 ..?. -
b 3wa) I3 *
— ’ ..v
. ) ‘;C
8 O— — xn.u
Y = : e, s e ) ¢
" ,
m L )
- “m_
po0702 ,
n
0
Ry
N -
2 @
D - e e et e ol e e — 0 h -
006" 0E - . ©
Ao\.\éQv.wv
152 D23 ON
TN IMN ;
S HAONGTY A31VY3IH ”
00°0h @ u
R NS TR R—— . — ~1-bo9 :
L]




PRESSURE
CONTROL
VALVE

STEAM
LINE

CORE —
“qoTC's

STEAM

SEPARATOR

STEAM
7 DOME

k----

= UPPER
' PLENUM

REGION

CORE ru
BYPASS

=~

RecAK _ (sLowoown
FLow VALVES

RECIRCULATION

LOQP

DISCHARGE
FLOW |
LIMITERS

|7~ SEPARATION
r

~

e FEEDWATER

PUMP

PT——‘G
N\~ DOWNCOMER

—t -

H| &

RECIRCULATION

LOOP

LOWER
PLENUM

FIGURE 2. TWO-LOOP TEST APPARATUS

POOR ORIgINg

a

5/24/79

L



TE&TS
ATION T
VAPORIZ

ty



BUNDLE VAPORIZATION CONCLUSICNS

o HIGHER BUNDLE VAPORIZATION BEFORE JET PUMP UNCOVERY

- 40 SEC IN TLTA
- 30 7% 45 SEC FOR REACTOH

o VAPORIZATION DATA BASE ENTIRELY REPRESENTATIVE SUBSEQUENTLY

- BUNDLE AND SYSTEM CONDITICNS MATCHED
- CORRELATION CONSERVATISMS APPLICABLE

6ED
ML 5 5/24/73
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ECC EFFECTS ON DEPRESSURIZATION
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BREAK FLOW DENSITY COMPARISON
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ECC DEPRESSURIZATION CONCLUSIONE

o CORE REGION CONTRIBUTED LESS STEAM WITH ECC
¢ PRESSURE VESSEL REWET MAY HAVE INCREASED STEAM FLOW

o SLOWER DEPRESSURIZATION CONTROLLED BY INCREASED LIQUID
" BREAK FLOW

562 o
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TLTA/EM COMPARISON RESULTS

o PURPOSE:  DEMONSTRATE CONSERVATISM IN EM CALCULATION OF PCT

¢ BAGGROUD

CONCLLSTON:

PREVIOUS CALCULATION SHOWED 1000F CONSERVATISM

- 7X7REL
- BLOWDOWN PHASE QnLY
- HOT A\D AVERAGE BUDLES

CURRENT CALCULATTON
- 8X8REL
- BLOWDOWN AD ECC PHASES
- AVERAGE BUDLE QriLY

CODES USED
- LAYB/SCAT FOR BLOWDOWN PHASE
- SAFE/REFLOCD FOR ENTIRE TRASIET
- CHASTE FOR PCT CALCLATION

ASSUMFTIONS
-~ MEASURED POWER AD DIMESIONS

= STAUARD APPELIX K AWALYSIS ASSUFTIOS

PRELIMINARY CALCULATION SHOWS EM CONSERVATUVELY CALCULATES

rCT BY 1000F

SR-1
S/24/79
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SUMMARY AND CONCLUSION

CURRENT CALCULATION COWFIRAS PREVIOUS CONCLUSIONS ABOUT
CONSERVATISM OF PCT CALQULATION USING B

MAJOR AREAS OF CONSERVATISM

- BLOWDOWN HEAT TRANSFER - NUCLEATE BOILING TILL
UNCOVERY TELAYED)

- HIGHER ECT PHASE HEAT TRANSFER

QVERALL LARGE CONSERVATISM OF EM OVERSHADOIS Al
UNCERTAINTIES ABOUT SUB-MODELS

ASR - 4
52475
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o LEIBNITZ RULZ

- PRT/I0USLY DOCUMENTED

- SAL PCT SERITIVITY

o HIGH HEAT TRANSFER

- SEPARATE EFFECTS
- &R PCT

- CONSISTENT APPLICATION
- EVEN LOWER PCT

CONCLUSION: ~ CURRENT CCIES NEED NOT BE GAVGED

AR=-5
S/24/79
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LEIBNITZ RULE

o  CURRENT APPROXIMATION

- STEAM VELOCITY LEAVING NCDE BASED ON BUEBLE RISE
VELOCITY AL BULK VELOCITY ONLY

- LIQUID CALCULATIONS ARE EXACT

o  EXACT CALCULATION
- STEAM VELOCITY SHOULD INCLUDE INTERFACE VELOCITY

* -« QNLY SIGNIFICANT WHEN LEVEL CHANGES ARE VERY RAFID
( ~ 10 SECS QUT OF 200 SECO)

o  FREPRESENTATIVE PLANT STUDIES SHOW SWALL SENSITIVITY TO GHANGES IN SAE
- STUDY DOME USING SAFE (EXACT)/REFLOCD (APPROX.)
- SA'E COMCLUSION EXPECTED FOR SAFE/REFLOM (EXACT)

CONCLUSION:  CURRENT APPROXIMATION IS JUSTIFIED

362 317
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CiOICE OF PLANTS

THO IMPORTANT PARAVETERS

- UNCOVERY TIME AD RATE
-  PRESSURE AND DEPRESSURIZATION RATE

- R
- FLASHING
UNCOVERY TIME AD RATE (AR
- FAST (BIG BREAQ B,E
- MDIWM MID-SIZE BREAK C.D
- SLOW (SYALL BREAD F
- AFTER ECC IMITIATION A

PRESSURE/DEPRESSURIZATION RATE

- HIGH SENSITIVITY ACD
- MIERATE

- MINOR

- SWALL BREAK QMINCR)

CHOICE OF PLANTS COVERS ALL CLASS OF PLANTS AND EXPECTED FESULTS

AR = 7
5/24/73



RESULTS OF CALCULATIONS

REDUCTION Tid
PLANT/BPEAK WCOVERY TIIE
TYPICAL B4R/6 0.6
tPC1 MD 251 BWR/4 2.5
SUCT TBA
LPCT MID 218 BvR/ 3.0
DSCG DBA
LPCI MID Z18 BWR/4 3.4
LIMIT?" .S DSCG
TYPICAL BWR/3 2.0
TYPICAL SMALL BREAX 0.4
BKR/3

REDUCTION IN
REFLOMD TIME

10.

0 MO SIGNIFICANT CHANGE IN MAJR PARAMETERS

- PRESSURE
- LEVEL

o SMALL PCT SESITIVITY

36,

)
b

1.8

57

7.6

0.3

AR - &
5/24/79
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SUMMARY AND CONCLUSIONS

APPROXIMATION AS DOCIMENTED IS APPROPRIATE

EFFECT OF CHANGES IN SAFE IS SALL

PEFLOCD CHANGES EXPECTED TO BE SMALL

CONCLUSTON:

CURRENT CODES NEED NOT BE CHAMGED

: y ~y A
1 L / x / cl‘.
JOL s &

AR -13

S/24/73



EFFECT OF HIGHER HEAT TRANSFER IN EM

o (CONSISTENT APPLICATION

- HIGrEK HEAT TRANSFER IN SAFE/REFLOOD
- AFFECTS VAPORIZATION AD PRESSURE

- HIGER HEAT TRANSFER IN GHASTE
- AFFECTS STORED ENERGY/DECAY HEAT REMOVAL
= NUCLEATE BOILING OBSERVED IM TLTA
= LOWER BOUD CORRELATION SUBMITTED TO fiRC

o SEPARATE EFFECTS
- SAFL/REFLOCD CHAGES LOER PCT
- (HASTE EFFECT BIGGER THAN SAFE G0 vs %F)

o  CONCLULSION

- EVALUATION MILEL TREATMENT OF HEAT TRAWSFER IS
OVERLY CONSERVATIVE

ASR - 14
5/24/7%



SAMPLE CALCULATION

¢ PLANT SELECTED (218 BWR/4)

- LARGEST SESITIVITY TO VAPORIZATION A\D PRESSURE
- LIMITING BREAK - 86% DBA

0 CONSISTENT APPLICATION
- PCT DECREASES BY 335¢

0 SEPARATE EFFECTS

- SYSTEM CODE (SAFE/REFLOCD) CHANGES ONLY
- PCT DECREASES BY %¢

- HIGH POWER BUNDLE (CHASTE)
- PCT DECREASES ~ 300F

0 CONCLUSION:  THIS CALCULATION CONFIRMS EXPECTED SENSITIVITY
TO HIGHER HEAT TRANSFER

ASR - 15
S/2:/7%
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SUMARY AD CORCLUSIONS

CONSISTENT APPLICATION RESULTS IN CONSIDERABLY LOVER PCT

EVEN SEPARATE EFFECT STUDIES SHOW LOWER PCT

CURRENT EM CODES NEED NOT BE CHANGED

ASR - 18
S/24/73



EFFECTS OF HIGH HEAT TRANSFER O PRESSURE

e POSSIBLE DELAY IN ECC INJECTION
- EFFECT OF HARIWARE DELAY TIMES

o MORE INVENTORY REMAINING AFTER BLOWDOWH

MORE LIQUID DOWNFLOW AT CCRL RESTRICTIONS

o LONGER PERI(D OF LOWER PLENUM FLASHING

MET EFFECT: - MOST PLANTS PCT IS LOWER FOR HIGHER PRESSURE
- FOR OTHER PLANTS PCT SENSITIVITY + 50F

S/24/79
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G.E. LOCA MODEL DEVELOPMENT

EVALUATION MODEL HISTORY

STATUS OF IMPROVED MODELS

CURRENT DIRECTION

362 531

GED
5/24/79
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EVALUATION MODELS

PRE 1974

- SAFE
- LAB
- SCAT
- CHASTE

1974 - REFLOCD

- Appress CCFL AT ToP OF LORE/BYPASS

MODEL IMPROVEMENT SUBMITTALS

- 1977: CHASTOS (Grey Booy Factors/CONDUCTION)
ParTiALLY DRILLED Core AnALYSIS

\

- 1978: GESTR/CHASTU6
MoDIFIED BROMLEY

Unper
Leakace FLows/REFLDOG REVIEW
CCFL CorRrELATION
NucLEArR Mop:sLs
GED
2727 5/24/79
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IMPROVED MODELS

SYSTEM CODE (ZEUS)

- Becun 1975

- CoMPLETED FOR BLOWDOWN PHASE

- TecHNICAL PROBLEMS/LIMITATIONS

- ZEUS Uperane Proposen Unper NRC/EPRI/GE ProcraAm

- DisconTinueD IN 1978 1n Favor ofF BesT ESTIMATE
MopeL (TRAC)

HOT CHANNEL CODE (THRST)

- (CompLeTED 1978

- CANDIDATE FOR EM SuBMITTAL

GED

S e - 5/24/7%
562 553
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THRSTO1

HOT CHANNEL CALCULATICN

o FEATURES

- DRIFT FLUX HYDRAULICS

- COUNTER CURRENT FLOW AND CCFL
- LEVEL TRACKING

- MULTIPLE ROD GROUPS

- TRANSIENT GAP CONDUCTANCE

- STEAM COCLING

o FUTURE TMPROVEMENTS

- TRANSITION BOILING MODEL
- [MPROVED REWET CRITERION
- MECHANISTIC CORE SPRAY HEAT TRANSFER

REALISTIC SYSTEM CODE NECESSARY
FOR BEST APPLICATION

4

GED

362 Zi4 5/24/79
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ZEUSO1

SYSTEM HYDRAULICS MODEL 3

ty

VESSEL IS DIVIDED INTO 21 NODAL REGIONS.

EACH REGION IS SUBDIVIDED TO MODEL THE AXIAL VOID
FRACTION DISTRIBUTION

THE SUB-NODE HYDXAULICS INCORPORATE THC ZUBER-FINDLA.
DRIFT FLUX FORMULATION FOR LIQUID/VAPOR SLIP FLOW,

SUBSTANTIAL IMPROVEMENT IN PREDICTED SYSTEM FLUID
INVENTORIES RELATIVE TO SAFE/REFLOQD - VERIFIED BY
DIRECT COMPARISON TO TLTA DATA,

GED

69 116 5/24/79
56 520
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ZEUS HYDRAULIC NCDING
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ZEUS
TECHNICAZ LIMITATIONS

SINGLE PRESSURE
ONE DIMENSIONAL APPRCACH

THERMAL EQUILIBRIUM

UNCERTAINTIES

LOW PRESSIRE NUMERICAL OSCILLATIONS

-FURTHER WORK

MULTIPLE BUNDLES
PROGRAMMING IMPROVEMENT

GED
5/24/79

ty



"00h

o

CUNDDIS ‘MH3Hg HI148 Wil

"00E

007

sniaz

DR

\

NOT12NS JHIJIY ¢ /
31220N JATHO y
INJISNUYL e
H4d _ l...v. de.r_.h. w..é. .3_.. ¥ :
~ (B il .. B v
gkg 9uMd 81Z| A Y

“001
=1

y,

_ ﬂl-.ld

ivx ;{)

e

0797t ALSIT0
[RTELC AT S

0

i
T

36L

135/,'87 SMO14 %u3de




- "
(03S) dW! 1
"00h ‘00E "00¢ ‘001
. iz i ———
RN LA AR WA :33?23!1 e
ii:sﬁsssa;(ssgssﬁés?gf ot
i S .: .:. .:: 2 ..%
Rt
(1% INDD)Y  WINI Jdio»
ihis IND)) TITIINNY ¢
(1w INBD) JuNd 135 2 .
i M) WO RN
ﬁ e e B o
01 21034 Usd C .t. 4 i
- ...A.
Q1< 94MY A

1795l BLSZT0
Nz 4

0

370



REASONS FOR DISCONTINUIHNG 'ZEUS'

TECHNICAL LTMITATIONS

- Not 'Best EstimaTe’ MoDEL

UNCERTAINTIES IN CODE PERFORMANCE

- MaJor MopeL AppDiTiONS REQUIRED

DECISION TO SUPPORT NRC EFFORT ON BEST ESTIMATE MGDEL
- PAppress ALL 'Wsat [f's

- QuaAnTIFY REAL MARGINS

267 LY GED
S 5/24/7¢



e

CURRENT CIRECTION

BEST ESTIMATE ANALYSIS

COMMITMENT MADE TO TRAC/BHWR
(AWAITING COMMITMENT FROM EPRI/NRC-RSR)

INCENTIVE FOR: A) MArRGIN QUANTIFICATION

B) DesiGN IMPROVEMENTS

STATUS
- TRAC-P1/P1A QaTAINED

- Work INITIATED ON RESTRUCTURING, Data PrepicTion, MopeL
[MPROVEMENTS, TesT SeT Up

- ADvANCED HoT CHANNEL HEAT TRANSFER MopeL DEVELOPMENT
UNDER WAY

GED
5/24/7¢
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SUMMARY

CURRENT EM SIMPLE AND CONSERVATIVE

EFFORT OY INTERMED!ATE IMPROVED MODEL DIVERTED TO
BEST ESTIMATE MODELS

G.E. COMMITMENT TO PURSUE CO-OPERATIVE BEST ESTIMATE
LOCA MODELS

GED
3672 4¢ 5/24/789
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