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TIUC INDEPENDENT ASSESSMENT AT IASL*

bY

J. C. Vigil and T. D. Knight

Energy Division
Ios Alamos Scientific Laboratory

University of California
Ios Alamos, New Mexico

'IWC-P1A was released to the public in April, 1979 following completion
of a set of develognental assessment tests.2 his paper sunmarizes
independent assessment analyses performed with a " frozen" version of
'IRAC-PM. That is, no code model changes were made during these analyses but

corrections of programing errors were included. These corrections are
specified in detail in the first TRAC Newsletter which was sent to all TRAC
users ard the National Energy Sof tware Center. Assessment of the TRAC version
currently under developnent is described in the TRAC Develognental Assessment

4paper.
he primary objective of the independent assessment work at IASL is to

determine the predictive capability of TRAC. W erefore emphasis is placed on
pretest and posttest predictions in which the transient test results are not
available. (For the pretest prediction the initial and boundary conditions
are estimates of those anticipated in the test) . After all the test data

beccme available, posttest analyses are performed to resolve differences
between the code results and the test data. Independent assessment of
TRAC-PlA has to date mainly involved separate-effects tests in Marviken III
and integral-effects tests in the IDFF, Semiscale led-3, PKL, and IDBI
facilities.

A pretest predicticn and a posttest analysis were performed for the first
5nuclear heated IDFT test (L2-2) . We pretest calculation failed to predict

the early ( 5 s) core flow reversal and rewetting of the entire core and as a
result overpredicted the peak clad tenperature (PCT) by 130 K. The posttest

* Work performed under the auspices of the U.S. Nuclear Regulatory Comission.
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6analysis , performed with the actual initial conditions, yielded very good
agreement with the thermal-hydraulic response of most of the system. This
result shows that the transient behavior can be significantly affected by
deviations frm the anticipated initial conditions. The PCT frm the posttest
analysis was overpredicted by 50 K (a considerable improvement over the
pretest prediction) because early rewetting of the hot rod was still not

calculated. Reasons for this discrepancy were investigated and much improved

results were obtained with a modified rewet criterion (those results are
4presented in another paper at this meeting).

7
A pretest prediction of the second IDPr nuclear test (L2-3) yielded

results very similar to the L2-2 posttest analysis except that the PCr was
overpredicted by only 20 K. The actual core AT differed significantly from

the anticipated value; a posttest analysis is in progress using the actual
initial conditions.

A posttest predicticn was also performed for the first small-break test

(L3-0) in IDPr. Based on comparisons with the limited data in the Quick
Icok Report, good agreement is obtained for the first 1000 s of the

transient. The calculated system pressure for the remainder of the transient
(1 000 - 2 500 s) is overpredicted. A detailed comparison will be performed
when the Experiment Data Report becmes available. Uncertainties in the break
gemetry and difficulties with mass conservation for this long-term transier;
are being investigated.

Posttest predicticns were completed for two Marviken III critical flow

tests (22 and 24). These predictions and posttest analyses of other tests
show that agreement improves with increasing nozzle length independent of
diameter. The flow rate is underpredicted during the subcooled blowdown
period; this apears to be due to delayed nucleation effects which are not
currently modeled in 'IRAC and which beccme increasingly inportant for the
shorter nozzles.

Pretest predictions were completed for the first LOBI test (Al-01)1 and

for a small-break test (S-07-10B) in Semiscale Mxi-3. Experimental
results frm these tests are not yet available.

12A posttest analysis was performed for the first integral test (S-07-6)

in the Semiscale Mod-3 facility. Good agreement was obtained for the blowdown

'
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stage but there was insufficient penetration of liquid in the downccrner pipe
during the refill stage. As a result the heater rod temperature response was
not well predicted during reflood. Analysis of countercurrent air / water tests
in vertical tubes shows that the interfacial shear coefficient is too high for
low gas velocities.
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INDEPENDENT ASSESSMENT CREDITS

LOFT: K. WILLIAMS, A. PETERSON

SEMISCALE MOD-3: T. KNIGHT, J. PYUN

MARVIKEN III: G. WILLCUTT

LOBI: C. WATSON, A. FORGE

PKL: J. SPORE , T. KNIGHT
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INDEPENDENT ASSESSMENT OBJECTIVES

e ASSESS PREDICTIVE CAPABILITIES AND LIMITATIONS OF

TRAC RELEASE VERSION

O PROVIDE GUIDANCE FOR FUTURE TRAC DEVELOPMENT

C IDENTIFY NEEDED EXPERIMENTS

0 DETERMINE APPLICABILITY TO LPWR (SCALING CAPABILITY)
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INDEPENDENT ASSESSMENT CALCULATIONS

o PRETEST PREDICTIONS

ASSUMED OPERATING / BOUNDARY CONDITIONS

INITIAL CONDITION AND TRANSIENT PREDICTIONS

e POSTTEST PREDICTIONS

ACTUAL INITIAL / BOUNDARY CONDITIONS

TRANSIENT PREDICTION

e POSTTEST ANALYSES

UNDERSTAND PHENOMENA / RESOLVE DIFFERENCES

COMPONENT, SYSTEM, INTEGRAL BEHAVIOR

1604 278
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PIA INDEPENDENT ASSESSMENT

SUMK'.RY STATUS

TEST PRETEST PREDICTION POSTTEST PREDICTION POSTTEST ANALYSIS

L2-2 COMPLETED N0flE COMPLETED

L2-3 COMPLETED NONE IN PROGRESS

L3-0 NOME COMPLETED IN PROGRESS

S-07-6 N0flE NONE COMPLETED

S-07-10B NONE COMPLETED IF NECESSARY

MARV. TEST 22 NONE COMPLETED NONE

MARV TEST 24 NONE COMPLETED NONE

PKL Kl.3 NONE NONE TERMINATED

PKL K5.4A NONE NONE IN PROGRESS

PKL K9 NONE IN PROGRESS IF NECESSARY

LOBI Al-01 COMPLETED IF NECESSARY IF NECESSARY

1604 279
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LOFT TEST L2-2

e FIRST TEST IN POWER ASCENSION SERIES.

e 200% CL BREAK WITH CL INJECTION.

e TRAC MODEL.

27 COMPONENTS.

300 FLUID CELLS (192 IN VESSEL).

e PRETEST PREDICTION AND POSTTEST ANALYSIS.

1604 280
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L2-2 STEADY STATE

PARAMETER L2-2 DATA IRAC (POSTTEST) TRAC (PRETEST)

INTACT HOT-LEG TEMPERATURE (K) 580.6 580.8 593.0

INTACT COLD-LEG TEMPERATURE (K) 558.8 559.0 566.0

CORE AT (K) 21.8 21.8 26.6

INTACT LOOP MASS FLOW (KG/S) 197.5 207.1 186.6

4 4 4PUMP AP (PA) 9.1 x 10 9.2 x 10 7.8 x 10

PRESSURIZER PRESSURE (PA) 155 x 105 155 x 105 155 x 105

STEAM GENERATOR SECONDARY

5PRESSURE (PA) 63 x 10 62.0 x 105 63 x 105

MAXIMUM LINEAR HEAT

$ GENERATION RATE (KW/M) 26.38 26.38 28.87
c3
c=
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TRAC-P1A PRETEST PREDICTION

OF TEST L2-2

e PCT OVER-PREDICTED BY ~ 130 K

0 CORE FLOW REVERSAL AT - 5 s NOT PREDICTED

e EARLY CORE REWET NOT PREDICTED

e ECC BYPASS OVER-PREDICTED

e ACTUAL INITIAL AND BOUNDARY CONDITIONS

DIFFERENT FROM EOS VALUES

1. INTACT LOOP HOT-LEG T (580 vs 587 K)

2. CORE AT (21.8 vS 23.9 K)

3. BROKEN LOOP HOT-LEG T (543 vs 582 K)

4. CONTAINMENT PRESSURE HISTORY

e EaROR IN IHERM0 DYNAMIC PACKAGE (LIO. INT.

E. FUNCTION)

e INPUT ERRORS

1. MAX. LINEAR HEAT GEN. RATE 10% HIGH

2. STEAM GENERATOR ACTIVE H.T. AREA LOW

3. REFLOOD ASSIST BYPASS SYSTEM VOLUME NOT INCLUDED.

l@
. . . - . = . . . . . .
-~ ~ ~ ~ rr 1604 282-
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TRAC-P1A POSTTEST ANALYSIS

OF TEST L2-2

A. VERY GOOD AGREEMENT WITH IHERMAL-HYDRAULIC RESPONSE OF

ENTIRE SYSTEM EXCEPT FOR HOT RODS

1. SYSTEM PRESSURES, PRESSURIZER LEVEL, ECC INJECTION

TIMES AND RATES

2. CORE FLOW REVERSAL, START OF REFILL AND REFLOOD

3. TIME TO DNB AND PCT (840 vS 790 K), MULTIPLE

REWETS AND DRYOUTS ON SOME LOW POWER RODS

4. QUENCH IIME FOR ALL LOW-POWER RODS AND FOR HOT

RODS BELOW CORE MIDPLANE

B. PHENOMENA NOT PREDICTED

1. EARLY REWET OF HOT ROD AND SUBSEQUENT DRYOUTS/REWETS

2. TIME TO FINAL QUENCH OF HOT RODS

C. POSSisLe REASONS FOR DISCREPANCIES

1. REWET CRITERION

2. TRANSITION AND FILM BOLLING H.T. CORRELATIONS

3. NEED FOR DYNAMIC FUEL R0D GAP MODEL

4. MODELING OF U.P. FLOW RESTRICTIONS (WATER RETENTION

IN U.P.)

5. EFFECT OF IHERM0 COUPLES ON REWET BEHAVIOR

D. RECOMMENDATIONS

1. IMPROVE REFLOOD H.T. MODELS

2. USE LOWER INITIAL ROD TEMPERATURES FOR REFLOOD

SEPARATE-EFFECTS IESTS

1604 286
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LOFT TEST L2-3

e SECOND TEST IN POWER ASCENSION SERIES

e TEST SAME AS L2-2 EXCEPT NUCLEAR CORE

INITIALLY AT 75% RATED POWER (37 MW)

e TRAC MODEL ESSENTIALLY SAME AS L2-2

1. U.P. VOLUME INCREASED PER INEL REVISION

2. VOLUME OF REFLOOD ASSIST LINES ADDED TO
BROKEN LOOP

e PRETEST (DOUBLE-BLIND) PREDICTION

USING TRAC-PlA

1604 287
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INITIAL CONDITIONS FOR LOFT TEST L2-3

JRAC-P1A EQS ACTUALPARAMETER RETEST

CORE POWER (MW) 37.2 37.2 36.7

MAXIMUM LINEAR 3g,q 3g,4 3g,q
HEAT GENERATION RATE ( )

HOT LEc TEMP (K) 591.4 591.5 1.1 592,9.i 1.8

CORE AT (K) 35.6 35.8 32.2

INTACT LOOP FLOW (KG/S) 185.4 187.7 199 t 6

SYSTEM PRESSURE (MPA) 15.0 15.0 15.0
-

os
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TRAC-P1A PRETEST PREDICTION

OF TEST L2-3

e RESULTS SIMILAR TO L2-2 POSTTEST CALCULATION

o PCT OVER-PREDICTED BY ~ 20 K (930 vS 910 K)

e PCT WITH P1A + ILOEJE RIGHT ON DATA

e DETAILED COMPARISONS WITH EDR DATA IN PROGRESS

e POSTTEST CALCULATION TO BE PERFORMED

.

QQ 1604 292
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LOFT TEST L3-0

0 ISOTHERMAL SMALL BREAK (PRV)

e NO ECC INJECTION / PUMPS IRIPPED

e TRAC MODEL

20 COMPONENTS

94 FLUID CELLS (32 IN VESSEL)

o POST-TEST PREDICTION USING TRAC-P1A

e ONLY QL REPORT AVAILABLE AT IHIS IIME

1604 293
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TRAC-P1A POSTTEST PREDICTION

OF TEST L3-0

e GOOD AGREEMENT WITH LIMITED DATA IN QL REPORT

1. SUBC00 LED BLOWDOWN PERIOD (55 vs 48 S) AND

SATURATION P (7.0 vS 6.8 MPA)

2. SURGE LINE FLOW (0-150 S)

3. SATURATED C00LDOWN WITH NO CORE UNC0VERY

4. REFILL OF PRESSURIZER IN INTERVAL 50-100 S

o PROBLEMS

1. UNCERTAINTY IN P. RELIEF VALVE GEOMETRY

2. MASS CONS. AND COMP. TIME FOR LONG-IERM IRANSIENTS

e RECOMMENDATIONS

1. IMPROVE MASS CONSERVATION FOR LONG-IERM IRANSIENTS

2. INCORP. BREAK FLOW MODEL FOR SMALL-BREAK CALCS.

b
==m=-- --
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MARVIKEN TESTS 22 AND 24

s FULL-SCALE VESSEL BD AND N0ZZLE CF

TEST 22: L = 0.727 D = 0.5 M L/D = 1.45
TEST 24: 0,166 0.5 0.33

o TRAC MODEL

Two 1-D PIPE MODULES

54 AND 42 FLUID CELLS

e POSTTEST PREDICTION USING TRAC-PIA

b
==e===
. --
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MARVIKEN TEST 22 VESSEL PRESSURE 106 RT 0.S2S M LEVEL
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MARVIKEN TEST 22 TEMPERATURE SSS RT INSTRUMENT. RING II
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TRAC-P1A POSTTEST PREDICTIONS

OF MARVIKEN TESTS 22 AND 24

e RESULTS SUMMARY

1. QUANT. AGREE. IMPROVES WITH INCR. N0ZZLE l INDEP.

OF D

2. FLOW RATE UNDER-PREDICTED DURING SUBC00 LED PERIOD

3. INITIAL DIP IN STEAM DOME P NOT PREDICTED

e RECOMMENDATION

INCORPORATE DELAYED NUCLEATION MODEL

g 1604 301
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SEMISCALE MOD-3 TEST S-07-10B

e TEST DESCRIPTION

COMMUNICATIVE SMALL BREAK IN COLD LEG

DELAYED ECC INJECTION IN INTACT LOOP

e TRAC MODEL

26 COMPONENTS (1 VESSEL WITH 3 RE-ENTRANT PIPES)

222 FLUID CELLS (76 IN VESSEL)

e POSTTEST PREDICTION USING TRAC-PIA

e GOOD AGREEMENT WITH IEST INITIAL CONDITIONS

e TRANSIENT IEST DATA NOT YET AVAILABLE

==t==_=~ ~ - - - -
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Semiscale Test S-07-10B Initial Conditions

Parameter Actual Calculated

U per PlentIn Prassure 15.700 MPa 15.701 MPaI

Intact Icop Fluid ibnperatures

Hot leg 591 K 591.6 K
(bld leg 556 K 555.7 K

Broken Imp Fluid Tenperatures

Hot leg 591 K 591.6 K
(bid leg 556 K 556.2 K

Flow Rate

Intact Icop 7.45 kg/s 7.541 kg/s
Broken Icop 2.27 kg/s 2.315 kg/s
Upper Head Bypass 4.2% 4.20%

= = w = _=~ ~ - - - - -
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LOBI TEST Al-01

o " VIRGIN" IEST (200% CL BREAK WITH ACCuM. INJECTION)

e TRAC MODEL

22 COMPONENTS

150 FLUID CELLS (96 IN VESSEL)

e TRAC-PIA PRETEST PREDICTION COMPLETED

e POSTTEST PREDICTION IF NECESSARY AFTER INITI AL AND

BOUNDARY CONDITIONS ARE RECEIVED

= = m =._-

~ ~ _ . _ _ _ _
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CALCULATED AND NOMINAL INITIAL CONDITIONS FOR

LOBI TEST Al-01

Parameter Nominal TRAC

Power (MW) 5.28 5.28

AT (K) Core 34.0 33.3

T (K) Hot-leg Average 597.0 596.3

7 (K) Cold-leg Average 563.0 563.0

P (bars) 155.0 158.0

W (kg/s) Intact Loop 21.07 21.02

W (kg/s) Broken Loop 7.03 6.98

LY
= 55Lr==

--.- - -.
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SEMISCALE MOD-3 TEST S-07-6

e MOD-3/ MOD-1 DIFFERENCES

3,66 vS 1,66 M CORE

ACTIVE VS PASSIVE BROKEN LOOP

EXTERNAL DC PIPE VS INTERNAL DC ANNULUS

o TEST DESCRIPTION

FIRST INTEGRAL LOCA TEST

200% CL BREAK WITH ECC INJECTION (ACCuM, HPIS,LPIS)

LONG-IERM DC AND CORE LloulD LEVEL OSCILLATIONS

e TRAC MODEL

36 COMPONENTS (2 VESSELS)

307 FLUID CELLS (87 IN 3-D COMPONENTS)

DOWNCOMER WALL HEAT FLUX SPECIFIED

e POSTTEST ANALYSIS USING TRAC-PIA

E\iR.
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INITIAL STEADY STATE CONDITIONS

(TEST S-07-6)

MEASURED CALCULATED

C.L. FLUID TEMPERATURE (K) 559 560

H.L. FLUID TEPERATURE (K) 594 595.0

COOLANT T B PERATURE RISE (K) 35 35

CORE MASS FLOW RATE (Ks/s) 9.5 9.5

CLAD T-HIGH POWER ZONE (K) 687.0 670.0

CLL.D T-LOW POWER ZONE (K) 585.0 584.0

SYSTEM PRESSURE OiPA) 15.2 15.0

PUMP DIFFERENTIAL PRESSURE (MPA)

INTACT LOOP 0.48 0.46

BROKEN LOOP 0.34 0.32

VESSEL DIFFERENTIAL PRESSURE (MPA) 0.11 0.10

b
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TRAC-P1A POSTTEST ANALYSIS

OF TEST S-07-6

e RESULTS SUMMARY

1, GOOD AGREE. wlTH ICS AND BD PORTION OF IRANSIENT

2. INSUFFICIENT DC PENETRATION DURING REFILL STAGE

3. NO PERIODIC Llou1D DEPLETIONS IN DC AND CORE

4. HEATER rod T RESPONSE NOT WELL PREDICTED DURING REFLOOD

e POSSIBLE REASONS FOR DISCREPANCIES

1. INTERFACIAL SHEAR COEFF. IOO HIGH AT L0w CC GAS

VELOCITIES (VERIFIED AGAINST DARTMOUTH AIR-WATER IESTS)

2 EFFECTIVENESS OF INSULATION UNCERTAIN

3. REFLOOD MODELS INADEQUATE FOR L0w FLOODING RATES

4. EFFECT OF ACCUMULATOR NITROGEN

9 RECOMMENDATIONS

1. UPGRADE D-F FORMULATION FOR 1-D COMPONENTS TO 2-F

2. IMPROVE INTERFACIAL FRICTl"N CORRELATION / ND

REFLOOD MODELS

3. INCORPORATE CONDUCTION 30tUTION IN HEAT SLABS

4. ADD NONCONDENSABLE GAS FIELD

5. DESIGN MORE PROTOTYPICAL FACILITIES AND Pl.RFORM

MORE PRECISE IESTS

=m=nt=
- ~ . _
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PKL ANALYSIS STATUS

3 COMBINED INJECTION IEST Kl.3

STATUS

TRAC-P1A POSTTEST ANALYSIS DISCONTINUED AFTER 85 S

QUENCH IIME OF LOW & INTERMEDIATE P RODS CONSISTENT

WITH EXPERIMENT

HOT ROD T IS 940 K AND RISING AT 85 S (MEASURED PEAK

WAS 920 K AT 40 S)

PROBLEMS

USE OF PIPE MODULES TO MODEL DC PIPES GIveS INCORRECT

REFILL RATE

MG0 THERMAL PROPERTIES NOT IN CODE (SIGNIFICANTLY

DIFFERENT FROM BN)

DEFICIENCIES IN REFLOOD HEAT IRANSFER PACKAGE

e COLD-LEG INJECTION TEST K5.4A

DC PIPES MODELED WITHIN VESSEL COMPONENT

GENERAL RESULTS TO 50 S IN REASONABLE AGREEMENT WITH DATA

EFFORT DIVERTED TO TMI ANALYSIS

e GERMAN STANDARD PROBLEM K9

TRAC INPUT MODEL COMPLETED, POSTTEST PREDICTION IN

PROGRESS.


