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TRAC MALYSIS SUPPORT FOR THE 2D/3D PROGRAM*

by

Ken A. Williams
Project Leader
Energy Dfvision

Los Alamos Natfonal Laboratory
Los Alanos, New Mexico 87545

The 2D/3D Program is a mltinatfonal (Gemany, Japan, and the Un+te?

States! experirlentaland analytical nuclear reactor safety research pr~g~an

having as its main purpose the ~nvestlgatlon of multidimensional

thermal-hydraulic behavior during the refill and reflood phases of

loss-of-coolant accidents (LOCAS) fn pressurized water reactors (PWRS). The

Geman contribution to the program is the planned Upper plenum Test Facility

(UP~), a full-scale facility with vessel, four loops, and steam-water core

simulator. The Japanese are presently operating two large-scale test

facilities as part of this progran: the Cylindrical Core Test Facility (CCF )

and ths Slab Core Test Facility (SC~). CCTF is a 2000-electrically heated

rod, fou?-loop faclllty primarily for investigating Integral systen reflood

behavior. SC1’F ts a 2000-electrically-heated-rod, slab-core (one fuel

assembly wide, eight across, and full height), separate-effects reflood

facility. Both facilities are scaled on a power-to-volume basis, preserving

full-scale elevations, ~nd are much larger than any existing facilities in tb~

Unitwi States (including LCFT). All of these facilities are instrumented

better than any existing fdcilities: Conventional instrumentation data

channels alone are in exzess of one thousand in each facility. The Lln(tcrl

States contribution to the program fs the provisinn of advanced two-phase f!ow

Instwmentation and analytical support.

The Los Alamos National Laboratory is the prime contractor to the NRr fn

the latter activity, The main analytical tool in this prog~am is the

—- ------- - —.. .—- -.. ..

*Uork perfomd under the auspices fifthe US Nuclear Rcqllatory Commission.



Transient Reactor Analysis Code (TRAC), a best-estilnate,ml tidimnsional ,

non-equilibrium, thermal-hydraulics computer code developed for the ~PC at Los

Alamos.1,2 Through code predictions of experimental results and

calculations of PUR transients, TRAC provfdes the analytic coupling between

the facilities a~d is extending

During the previous fiscal

point that it is now playing a

TRAC code has been used for a“

the results to predicting actual PHR behavior,

year, the analysis program has matured to the

central role in the overall 2D/3D program. The

larger number of posttest ~edictions of both

CCll_ and SCTF experiments.J T+rough these calculations it has hwn

demonstrated that the code is a reliable too: for predicting the

thermal-hydraulic behavior resulting frcn the parametric v~riation o? test

conditions. Specifically, the code has been demonstrated to predict correctly

the effects on core reflood resulting fron the variat~on Ir system operating

pressure, ECC subcooling and injection rate, core flooding rate, radial power

distribution, local power peaking and the asy~etric initial stored energy of

the fuel rods. The twelve experiments to be analyzed in CCTF/SCTF during the

next fiscal year will further assess the code’s abillties.

Both the experimental findings and the analysis results have a direct an~

inportant bearing on licensfng issues. Some of the major conclllsionsthat

have come from the experi~ents and that have been predicted by TRAC are the

following:

o

0

0

0

0

n

o

Multidimensional hydraulics are respon~lhle for mitigating thi

thermal consequences of non””unifonnpower shapes and local PPWC-

peakfng.

Core water level stagnation occurs during reflood once the dO\~linll~lG

Is filled.

Signlficanc bypass of LPCI occurs if the flowrate 1S increased show

the nomfnal rate.

Condensation heating of FCC to near saturat~on o~:curs dun t>

superheated vapor exltfng the stean generators.

Thermal effects of 56’:blcckages over two adjacent full-scale hunllps

are not significant during forced-reflood cmiitinns.

Sfgnlflcalltmultidimensional flows i~ the core ciurlng rcflnod ran

have an Important Influence on the therml r~,sponsc of thr fun’

cladding even w{th a symetrlcal core prwr shape.

Upper plenum de-entrainment fn full-sca?o harciwarocan %ignlficfi~tl:~

reduce steam binding.



The 2D/3D analysis program is also responsible for providing TRAC

calculation< nf the full-scall~PHR’s for hypothetical intermediate to large-

break LOCAS the reference US, FRG, and Japan plants. These calculations

serve two impL..tant functions for this program. First, they detemine

prototypical initial and bounda~ conditions about which a range of

experimental conditions can be chosen to operate the test facilities.

However, the ultimate objective is to allow the overa?l findi~gs

(experimental, analytical, and model development) of the 2D/3D progran to he

related to actual PWR’S. The results fron the program to date are very

encouraging, and can be sursnarized as follows. The TRAC calculations o’

full-scale PWR’S exhibit behavior sinilar to that which has been obsewed

experimentally fn the CCV and SCTF; and thfs sane code has been demonstrated

to be a r~liable tool for the prediction of these expericients. These PIN

calcu?at!ons demonstrate that a large margin of conservatism exists in present

licensing requirements for LBLOCA’S. Our best-estinate calculations of these

reference PWR’S indicate that the peak clad temperature (PCT) occurs during

the blowdown phase; the PCT is below 1000 K (1340% ).4

In conclusion, the ana?ysis effort is funct~oning as a vital part of the

2D/3D program, Through TRAC analyses the experimental findfngs can be related

from facflity to facility; and more importantly, the results of this researc$

progran can he directly related to licensing concerns affecting actual PM?’s.



?. “TRAC-PD2: An Advanced Best-Estimate Canputer Program for pressurized
Hater Reactor Loss-of-Coolant Accident Analysis,” Los Alamos National
Laboratory report LA-8709-MS, NUREG/CR-2054 (1981).

2. “TRAC-IT1: An Advanced Best-Estimate Computer Program for pressurized
Water Reactor Analysis,” Los Alanos National L~boratory report (to be
published).

3. “2D/3D Analysis Progran Report - 1981,” W. L. Kirchner and K. A, Wi?lians,
NUREG/CR-2735, June 1982.

4. “A TRAC-PD2 Analysis of a Large-Break Loss-of-Coolant Accident in a
Typical US PWR.” J. R. Ireland,NUF!EG/CR-2775,June 1982.
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ILITY (SCTF)

, TRAC PREDICTIVE CAPABILITIES

DEMO?WRATED BY BLIND PREDICT!ONS

OF TEN (10) SCTF TESTS TO DATE.

ANALYSIS OBJECTIVE SCTF TEST

SYSTEM PRESSURE EFFECTS RUNS 506. 507. 508

ECC SIJBCOOLING EFFECTS RUNS 507. 510

RADIAL POWER SHAPE EFFECTS RUNS 507. 513. 514

PEAKED POWER EFFECTS RUNS 507. 512

CORE FLOODtNG RATE EFFECTS RUNS 507. 511. 515



● ~~Ac PREDICTIVE CAPABklTES DEMONSTRATED BY

CALCULATlON 0~ NINE (9} CCTF TESTS TO DATE.

ANALYSIS OBJECTIVE CCTF TESX

SYSTEM PRESSURE EFFECTS----------RU~S 14. 19. 21

LPCI FLOWRATE EFFECTS------------RUNS 14. 15

EM RADIAL PEAKING EFFECTS-------RU~S 14. 38

CORE FLOODING RATE EFFECTS-----RUNS 14. 25

ASYMMETRIC ROD TEMP EFFECTS---RUNS 14. 39

SYMMETRK MULTI-D CALCULATION

WITH FINE NODALIZATION---------RUN 14

CORE II BASE CASE PREDICTION----RUN 53 _ _

..-a



UPPER PLENUM TEST FACILITY UIPTF)—

LOOP OSCILLATION STUDIES IDENTIFIED PROBLEM A@EAS

FOQ UPTF PQOTOTVPICAL SIMULATION OF A GPWR.

EVALUATION OF SEVERAL PROPOSED MODIFICATIONS TO UPTF

LO= INDICATES THAT -AR PROTOTWVCAL ECC DELIVEEY

CAN 8E 09 TAINED DIRING COMBINED INJECTION. NO

PEOMEhS ANTICIPATED FOR COLD LEG INJECTION TESTS.

CORE SIMULATOR STUDIES IN PROGRESS DEMONSTRATE TMC

CAPABILITY TO MODEL FLOODNG AT TIE-PLATE/UCSP.



LWJ ~ FRG REFERENCE PWR CALCULATI(3NS

●

●

●

●

NW INPUT MODELS FOR REFEEENCE

REACTORSOWELOPED IN COOPERATION

WITH V~RS.

ALL STEADY STATE kESULTS IN CLOSE

AGQEEMENT WITH THOSE SUPPLIED BY VENDORS.

LOCA CALCULATION FERFOMED

WITH C~5NT TBAC-PFi.

REFERENCE REACTOQS LBLOcA CALCULATIONS

V, K?! BZ$T-EST9MATE T@Ac CODE DEMONSTRATE

‘lAROIE MARON OF CONSE@VATISM

M UC~ REUUIQEAEFITS. b8-

1



KEY LICENSING ISSUES ADDRESSED
BY THE 2D/3D ANALYSIS PROGRAM (1)

● SCALING

● GEOMETRY

● OPERATING CONDITIONS

* MULTIDIMENSIONAL EFFECTS

● POWER SHAPES

● SYMMETRICAL CORE TEMPERATURES

9 ASYMMETRICAL CORE TEMPERATURES

● FULL-RADIUS EFFECTS

● “HOT-ROD” EFFECT

● LOCAL POWER PEAKING (EM VALUES)

llaslilkmms



KEY LICENSN+JG ISSUES ADDRESSED
BY THE 2D/3D ANALYSIS PROGRAM (2)

● CORE

●

9

●

● ECCS

9

●

●

RECOVERY

CORE WATER LEVEL

STEAM-DROPLET COOL!NG

PARAMETRIC EFFECT OF PRESSURE

EFFECTIVENESS

NOMINAL ECCS FLOWS

HIGH (200 PER CENT) LPCI FLOW RATE

CONDENSATION HEATING OF ECC



KEY LICENSING ISSUES ADDRESSED
BY THE 2D/3D ANALYSIS PROGRAM [3]

● STEAM BINDING

●

9

●

@ CORE

●

9

LIQUID CARRYOVER FRACTION

UPPER PLENUM STRUCTURAL CEENTRAINMENT

LOOP EFFECTS - ACTIVE COMPONENTS

BLOCKAGES

50 PER CENT
ASSEMBLIES

FULL-RADIUS

BLOCKAGES OVER 2
AT CORE MIDPLANE

EFFECTS

M Nlairim



RECENT SCTF ANALYSIS RESULTS

WITH TRACOPF1
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MULTIDIMENSIONAL THERMAL-HYDRAULIC

I
I

8EHAV!OR IN THE SCTF AND CCTF



I ● RADIAL CORE POWER DISTRMIUTION

● Run 507 (Dasc CasC) - Slightly skewed profile

● Run 513 – Uniform or flat profile

● Run 514 - 11ighIy skewed profile

. ...-.
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TRAC ANALYSIS OF CCTF RUN38

INITIAL POWER--9.28 MW

LINEAR POWER--1.39 KVVVM

SYSTEM PRESSURE--2.O3 BAR

RADIA P POWER SHJ4PE-1.299:1.092 :0.84
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FULL-SCALE PWR LBLOCA CALCULATIONS
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SUMMARY OF ANALYSIS FINDINGS

RELATED TO LICENSING



REACTOR SAFETY ISSUES ADDQKSSED By SCTF ANALYSIS—— — ——- .—. -—..——

I

I
I
I
I

MULTIDtMENStONAL HVDQAULICS MITIGATE SEVE@E CONSEOIENCES

OF NON-l&41FORM IPOWERSHAPES AND LOCAL PEAKING.

IMPROVED UNDERSTANDING Of TIIERAAL-HYDRAULICS OF

CORE REFLOOD IN FULL-RADWS GEOMETRY.

THERMAL

8LM)LES

EFFECT OF SO PER CENT BLOCKAGES OVER TWO

lNSiGtUFKANT FOR FORCED REFLOOD Conditions.

SIGMFKANT WER PIEWM DE-ENTRAMAENT IMPLIES



REACTC)R SAFETY ISSUES AD_DI?ESSED BY CCTF ANALYSIS—— -—

sm=uANT R&Rom

PRESSUQEEFFECTS W

BYPASS OF EXCESS LPU

REF1OOD CC&@RMED.

Cm WATER LEVEL STAGMATES ~ REFLOOO AFTER

DOW’KOMEa ftUS

c~NS.ATW tEAl?NG (E LKI REDUCES SU8COC)IN(3.



9

FULL-SCALE PwR LOCA CALCULATIONS

US/JAPAN AN) GIPWQ CALC’UATIONS DEMONSTRATE

KKANT MACGBIN ~ CHERVATtSM IN

LBLUA LKENSRW R’EOUREMENTS.

THERMAL-I+YDQAUK PHENOMENA PREDI~ED IN LPWR”S

WEU WITH 20/30 EXPfRIMENTAL WOGRAM RESULTS

TEMPIWATURE MCW DUG EARLY

mOW~WN HAsE WITH DEST-ESTIMATE CALCULATION

PCT LESS THAN ~00 K (040 F).

b~


