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TMC-PFl/MODl ASSESSMENTAT LOS ALAK)S*

by

Thad D. Might
Safety tide Develo~ent Group

Energy Division
Los Alamoe National Laboratory

Los Al~OfJ, tkW ~XiCO 87545

The Los Alamos National Laboratory is developing the Transient Reactor
Analyaia Code (TRAC) to provide an advanced beet-catimate predictive
capability for the analyaie of postulated accidente in pressurized water
reactors (PWRa). Over the past several years, four distinct veraiona of the
code have been releaeed; each new vereion introduced improvements to the
existing models and numerice and added new models to extend the application
of the code. me first goal of the code was to analyze large-break loee-of-
coolant accidents (LOCAe), and the TRAC-PLA and TRAC-PD2 codes~)z primarily
addraaeed the large-break LOCA. (The TRAC-PD2/MODl code 1s essentially the
came aa the TRAC-PD2 code but it aleo includee a releaeed aet of error
corrections.) The TRAC-PF1 code3 contained major changes to the models and
tripe and to the nmtirical methode. These modifications enhanced the
computational speed of the code and improved the application to small-break
LOCAa. The TRAC-PFl/MODl code,k the latest released version, added improved
steam_generator modeling, a turbine component, ●nd a central system together
with modified conetitutive relationa to model the balance of plant on tbe
●econdary ●ide ●nd to extend the application to non-LOCA transients. The
TRAC-PFl/MODl code also containa reasonably gene~al reacto~kinetice modeling
to facilitate the simulation of traneienta with delayed scram or without
scram.

As a part of the coda-devalopent process, Los Alamoa also conduct~
devalopnantal assessment of the code before public release. References 5-8
describe the formal devclopnental ●aeesement for each of the four publicly
rohased code vers~ono. We perform developmental aesesament during the later
stage- of the devalo~ent process to determine a range of validity for a
particular coda version, to danonstrate the ❑odeling ●nd calculational
capability of the code, ●nd to assist f.r, the ●etting of empirical conetante
contained in the confititutiva relatione in the code. The analyaes daacrlbed
in tifs. 5-8 were performed with the final, released code vareions.

Indepand@nt aas~mument of a particular code varaion begins when tl~e code
is rolaasmd. Tha code version is frocan with tha exception that we permit
correction of coding ●rrors ●nd updates to improva the handling of boundary
condition aa nacaaaary. The purpoaec of independent aeeassment are
●aaentially tha -em ●s those for dwglopcntal ao-assmant ●xcapt that we
chmge the =pirical constantm only in oonsitivity ●nalysam to in’rastigate
dirncrapancies batweon tha calculated rcoultc ●nd the data. The findingo of
tha indaptndent ●ooaoemant ●ra transmitted to the code developerfi to ●id in

~ta wrk wec funded by tha USNRC Office of Nuclaar Rasuletory Raaearch,
Divi&ion of Accidant Evaluation.



correcting errors in the current released code version and to improve the
modeling in future code versions.

Ln the oenoe that independent aeseoement Involven only released vereions
of the code and because the reeultc reported in the develo~ental aaseeement
reportss-a were obtained with the final, relaaeed versions of the codes, these
references constitute the initial independent asseeement of the various code
versions. The formal independent aaaeeamentg of the TRAC-PIA code
Investigated the behavior of that code in a variety of separate-effects and
integral tests tiportant to the large-break-LOCA calculational. capability.
Reference 10 describes the independent aeeeeament of the TRAL-PD2 code
(including the TRAc-PD2/MoDl version); this independent aeeeeiement
Investigated the ~ffecte of code improvements bll the large-break LOCA
capability and extended the applications of the code to small-break LOCAa.

Aa indicated previously, the TRAC-PF1 code contained many improvements to
enhance the application of the code to emall-break LOCAa. The developmental
aseeeament mainly Investigated the application of the code to small-break
LOCAa and tested the new one-dimensional modeling capability. Only a mingle
analyei~ tied the code back to the large-break LOCAcapability in the TRAC-PD2
code that had been teeted thoroughly. The independent aesesement~l of
TRAC-PF1 provided more testing of the small-break LOCA and began the
●pplication of the code to non-LOCA tranaient tests.

During the paat year, we have completed our independent aaaeeament of the
TRAC-PF1 code and begun the Independent asaeeament of the TRAC-PFl/MODl code.
For the independent ●~aeaament of the TRAC-SPFl/MODl code, we are using several
experiments from the Loaa-of-Fluid Teat (LOFT) and the Semiacale facilities.
We ●lao ure participating in the International Staudard Problem 18 exercise, a
Loop Blowdown Inveatigationa (LOBI) small-break LOCA teat (for which data
currently ●re unavailable). The developmental aaaaaemente of TRAC-PFl/MODl
conaista of ●nalyaea of small-break LOCA and natural-circulation teata in the
Semiacale Mod-2A facility ●nd non-LOCA tranaienta in the LGFT facilfty. The
independent ●aaesament aupporta application of the code to large- and amall-
break LOCAa and non-LOCA tranaicnts and, thus, aida in the resolution of
current licensing iarfuea.

We htve tested the mnall-break LOCA capability of TRAC-PFl/MODl by
analyzing semiacale Teat S-UT-8 (Rel! 12). This teat simulated a 5% cold-leg
break with reduced leakage flow between the cold-leg nnd hot-leg gidea of the
ayetem. ‘he teat reaulta indicate that the core liquid level drops to the
bottom of the core, significantly below the minimum elevation in the pump-
auction piping, befor~ the loop aeala clear; the extent of the core dryout ia
●nhancad by the formation of liquid levels in the ateem-generator tubes on the
primary ●ide.

We used a one-dimensional ropreaantation of the Semiacale system in our
●nalyuf~ L?cauae of the large lentith-to-diametar ratioa throughout the entire
ayetem ●nd because of the enhanced calculational ●peud of the one-dimensional
modeling over the three-dimensional modelin8 (which is only ●pplicable to the
pre’J8ur8 V080el). The input model conaiata of 45 TRAC components} which ●re
subdivided into ● total of 196 hydrodynamic cells, Although there ●re small
timing differancea between the TRAC-PFl/HODl ●nalyaia ●nd the data, the code



correctly predicte tha phenomena driving the core dryout and the extent of
that dryout. Figure 1 comparem the calculated and -aeured upper-plenuo
preeeuree. This comparison is quite good. ‘he code correctly represented the
effect of the increased pressurizer eurge-line resistance that permitted the
primary eyotem to decouple from the hot fluid in the pressurizer and to
saturate at -11 14Pa initially. The calculated depreseurization continues in
good agreement with the data until -360 s, at which time the code begins to
underpredict the data slightly. At -550 s, the calculated rate of
depreseurlzation decreased abruptly as liquid trom the accumlatora reached
the core and vapor generation increased. This change in the couree of the
transient is not reflected in tha data.

Figure 2 ehowe the calculated and measured collapsed liquid levels in the
core. The discrepancy between the two liquid levels during the first 100 s is
due to flow effecte in the measurement and to a difference in the drainir.g of
the upper head aa shown in Fig. 3. ?he difference in the draining of the
upper head also may impact the comperieon as the core drains after 100 s)
resulting in a timing offset when the minimum core inventory is reached and in
the fact that the data Indicate that tile level drope below the bottom of the
core whereas the calculated minimum level is -3 cm. Figure 4, a comparison of
fluid densitiee just below the bottom of the core, clearly shows that the
difference in minimum core levels is real; the data indicate that shortly
after 200 s the liquid dropa below this measurement location, but the
calculation continuee to indicate only liquid during this time. Clearing oi
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the intact-loop eeal providee the liquid inventory to drive the rapid and
large increaee in core inventory. Then, a S1OW boil-off of core inventory
occure until liquid from the accunulaeor~ arrivee. As the teat ends, the code
18 calculating the correct magnitude and trend in the core level.

Figureti 5-7 compare cladding temperature at three core elevations. At

the 1.37- elevation, the code calculates both dryoute to occur late and
underpredicta ‘:he magnitude of the temperature excursions; these
diacrapanciee, In light of the approximately correct core-level calculation
(this elevation is well above the two minimums in the core level shown in
Fig. 2), indic~te that the code dfatributea the liquid inventory over too much
height during the time the dryouts occur. At the 2.08~ elevation. the
comparison ie improved and the code werpredicte the magnitude of the
temperature excursion following the second dryout. At the
naar the top of the core, the comparison la excellent
pradlcta that the find quenching proceaa proceeds too
intorfiotlng to note that at this elavation, the data do not
the ●arly core-level depreaaion even though the measured
8oaa to care.)

3.55QI elevation,
although the code
rapidly. (It illl

show any effect of
core liquid level
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Figure 8 ahowe the calculated and measured liquid levels in the intact-
loop steam-generator tubes. The upside of the tubes la connected to the
steam-generator inlet plenum, and the downside of the tubes i~ connected to
the outlet plenum. The data for the first 100 e are influenced strongly by
flow effects and ~hould be ignored. Ihe cede calculates the correct, at least
qualitatively, level formation and disappearance in the tubes, and itB
prediccione are in Bood agreement with the data quantitatively, The
difference in the upaide and downaide levele during the first 250 a drive the
core levels below the minimum elevation in the pump-suction piping. The code
calculates a almilar behavior in the broken-loop ateem Renerator. A
aenaitivity calculation in which we increaaed the ateaurgenerator eecondary
noding adjacent to the tubes by a factor of two (halved cell sizes) shows that
the TP.AC-PFl/MODl calculated levels before -250 a are insensitive to the
change and that the core liquid level ouring this time is relatively
unchangad. After -250 ●, the levels in the ~ensitivity calculation do change
slightly, and the corrlaval increae~ after the initial ❑inimum is reduced.

Fi8ure 9 showe the central-procemaor-unit (CPU) time on a Cray-lS
computer ●8 ● function of tranaitnt time. On average, this calculation
rsquirad -6 t of CPU time for ●ach transient ●acond.
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We teeted
●melyEing LOFT

the
L9-4

reactor kimetica end the
(Ref. 13), an anticipated

hpiraulice in TRAC-PFl/HODl by
traneient without scram (ATWS).

Thie- taat is initiated by trippimg the -primary-coolant ~pe emd the main-
f eedwater p-p ●md by - closi_&J _the =-in ●teemflou control valve= We
discovered cevoral errors in the prosrting of the reactorkinet ice modele
and in the reactivity feedback that provided the impetus to add a time-step
control ●nd time-step backup (repeat) beeed on the .kinetice calculation. With
these correction and chengee, the
couree of the L9-4 transient until
dimensional hydraulic modeling to
input ●odel coneiote of 39 TRAC
cells.

TRAC-PFl/MODl code correctly calculate the
the reactor ocram occurs. W@ueed the one-
obtain increaeed calculational epeed. The
component subdivided into 161 hydraulic

Figure 10 showe the calculated and meaeured pressurizer preseuree. Thie
figure, ae well as the remaining figuree in this paper, chow a portion of the
steady-mtate calculation (and data ae appropriate). Following the initiation
of the traneient, the preeeure risee until the eafety-relief valve (SRV)
begine to open and close cyclically to control the preseure. III the data, the
SRV ntope cycling at --580e, but the calculated SRV behavior continuee to
cycle until -663 e. After the SRV stope cycling, the divergence in the
meaeured and calculated pressures may be caueed by small difference in the
heating and cooling of the primary liquid and to leakage through the SRV.
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Figures 11 and 12 compare the measured and ca~L:llated liquid temperatures
in the intact-loop hot and cold legs, respectively. Although there la some
variation among the fluid-temperature measurements In the upper plentxn, in the
intact-loop ho? leg, and in the steam-generator inlet plenun, Fig. 11 does
ahow that the calculated temperature in the intact-loop hot leg is
underpredicted following the initial rise after the beginning of the
transient. Together, Fllgs. 11 and 12 indicate that the t~perature rise
across the core ❑ay be low during the first -600 s. The temperature rise in
the intact-loop cold leg that begins at -250 a IS cauaed by the degradation of
the ~tesm-generator-eecondary heat transfer aa the secondary liquid inventory
is depleted. A corresponding rise in the intact-loop hot leg is not obeerved
becauae the increaaed fluid temperature in the core reducee the core power.

Figure 13 chows the calculated and measured liquid velocities in the
intact-loop hot leg. We adjusted the scale on thie figure to show the
detailed comparison after the pump trip. The calculated reeult lies within
the indicated data uncertainty throughout the transient, although after -800 e
the calculation 1s near the upper extreme of the data uncertainty. Figures 14
and 1S show the calculated and measured primary-coolant pmp epeeda duri~g the
tranel=~l~. The code correctly calculates the prolonged coaatdown of pump
number 1 and the rapid coastdown of pump number 2. The differences !.n the
pmp npecde reflect differences in the geometry and the hydraulic reaietance
aaeociated with the flow pathe through the two pumps.
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Fi@rea 16 ●nd 17 compare the calculated stem flows from the steam-
generator secondary with tm different measur~ento, the main ctearline flow
●nd the bypau-line flow, respectively. Becauee of the relatively complex and
varying control of the ste~generato~eecondary preewre, w specified ihe
secondary pressure u a boundary condition; the secondary preseure rises as
the main etemline valve cloeee until the sto-generstor bypass valve
controlo the preemure (manually controlled by che operator). Figureo 16 ●nd
17 show that the cteam flow decraasee rapidly as- the main ote~line valve
closes ●nd then increaeee as the eteerbypaas valve opens. The comparisons in
both figures are sxcallent, but the more accurate bypass-line measurement
suggeets that the steam flow between-50 and --100 s 10 slightly high.

Figure 18 chows the calculated and measured core powers. Again, W
adjusted the s:ale of this figure to show more detail in the comparison. The
comparisons in Figs. 10-18 ● re very good with the calculation generally lying
within or near the data uncertainties; the major diaicrepanciee occur in the
brokerloop hot and cold legs and reflect a large uncertainty in the leakage
through the reflood-assist bypasc valves connecting the two piping legs and
poeeibly the lack of a model to represent the thermal stratification of hot
and cold liquid. The variaciono between the calculated curves and the data
traces in Figs. 10-18, although small, are consistent and point to very small
errors in the analyaia.
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Figuras 19-22 o-mariza the reactor-kinetics calculation during
transient.

the
The fuel-t-perature reactivity (Fig. 19) becocee pooitive as the

trmsimt begin- and rwina paitive throughout the transient because the
fuel temperature drops ●nd the reactor power decreauee. The coolant-
t~eraturo reactivity in Fig. 20 becomes negativa ●a the transient begins
becmme the ●verage coolant-t~erature In the core Increaaee ●ftar the
primary-coolant p~ps trip ●nd the main ●te~line valve cloaee; this figuree
reflects the change. in the intact-loop hot- ●nd celd-leg liquid temperatures
in Flus. 11 ●nd 12, Because there is m core voi<i~, the void-fraction
reactivity ia not aodeled. The programmed reactivity in Fig. 21 is uced to
●ccount for the increaeed concentration of xenon ae the power decreased;
without thie clight negative rf ~ctivity, the calculated core power late in the
transient ●xceeded tha data. Theme varioue contributlone to the total
reactivity combine to in,fluane.e the reactor multiplication
(Fig. 22).

conetant k
‘ihe changes in the reactor multiplication constant directly affect

the core power (Fig. 18). As expected, whenever the reactor multiplication
constant approaches one, tha calculated powar tends to bacome conetant.

Figures 23 ●nd 24 show the CPU time on a Cray-lS computer ●nd the time-
step uize as functions of the tranciant time.
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We currently ● ro ●nalyzi~ Semiecale tsoto from the steam-line and feed-
line rupture test sorles to banclmark that capability in the code. These
tests show the effect- on the primary system of a severe tranaient in the
●eeondary @y#tam and raproaant ● rigoroue teat of the steam-generator
modeling; tha hydraulics to calculate leval swell, phase separation, and
liquid holdup; and the heat trancfer.

In tho paat, km hava ●nalyzed LOFT largebrenk LOCAa L2-3, L2-5, and
LP-02-6 with tha TRAC-PD2 code. The LOFT Consortium conductad the
LOFT LP-02-6 transiant to raprasant the double-ended offset shear of the cold-
lau piping from ● condition of maximum power with ●n early pump trip. Our
TRAC-PD2/MODl analymas of thio test indicated that the code could calculate
corractly tha hydraulic phcnomana ●arly in the transiant, but that the heat-
trancfor correlations pravmtad the calculation of the early cora rewet ●nd
distortsd tha rsmaindar of the transiant, W. ●r~ calculating this transient
with the TRAC-PFl/MODl coda to benclwnark the large-braak LOCA capability
●sainst tha TRAC-PD2/MODl rasults, W@also are using the raactor kin~tics to
calculat~ tha cor~ powar inataad of ●pacifying th~ decay Powgr ●. ● function
of time ●s in tho TRAC-PD2/MODl calculation. ThQ LOFT lar~e-break LOCAe
indicata that tha final quanchi~ of tha cora occurs shortly aft~r the
●ccumulator emptiam; howavcr, ths TRAC-PD2/IIIODl ●nalysas show ● later
quauchina. W@ Itava ●ttributed ●t laaot part of this diffaranca to the
inability of prcvit)um cod~ varsions to in~gct th~ nitroagn from th~
●ccaulator ●s it emptim mnd to forco tha final rtflood of th~ cor~. Bacause



the TRAC-PPl/FIODl coda containa an air field, w ●re modeling the nitrogen
injection in our TR.AC-PFl/MODl ●nalysis.

In conclusion, the TRAC-PFl/IIODl ●nalyses of Semiacale Teot S-UT-8
compares vary -11 with tho data in general, ●nd the code calculataa ●ll of
tho phmmwma driving the depletion of core inventory during the transient.
However, some of the differences observed in the comparison mpport the
●ddition of a TRACplcn- component to represent in a straightforward manner
multl@e connections ta a single cell and to avoid complex modeling with tee
components. The LOFT L9-4 ●nalyeea have led to the correction of several
errors in the reactor kinetics and subsequently demonstrated that capability.

The Loa Alamoa aaeeeament effort indicatee that the quality of the code
improvao aa new code versions are released. And, although the work continuee
to indicate needed improvements in the code, the TRAC series of codes and
apecificdly TRAC-PFl/IIODl currently provide a very flexible tool for
●nalyzing a tida variety of traneiento pertinent to PWRa.



1.

2.

3.

4.

5.

6.

7.

8.

9.

100

11.

12.

13.

“ TRAC-PlA : An Mvanced Beat-Estimate Computer Program for PWR LOCA
Analyaim, ” Loa Al amou Nat Ional Laboratory report LA-7777+4S,
NUREG/CR-0665 (My 1979).

“TRAC-PD2: h Advanced Best-Estimate Computer Program for Pressurized
Water Reactor l.a#s-of-CooLant Accident Analysis,” Las AlamoEJ National
Laboratory report LA-8709-iIIs, NUREG/CR-2054 (April 1981).

“TRAC-PF1: An Advanced Beet-E6itimate Computer Program for Pressurized
Water Reac20r Analyuis,” Loa Alamoa National Laboratory report
LA-9944+4S, NIJREG/CR-3567 (February 1984).

“TRAC-PFl/140Dl: Am Adva~.ced Beat-Estimate Computer Program for
Preeuurized Water Reactor Thermal-Hydraulic Analysis,” Lee Alamoa
National Laboratory report LA-10157+4S, N’UREG/CR-3858 (to be published).

J. C. Vigil and K. A. Wllliama, “TRAC-PI.A Developmental Aaeesament,’” 10S
Alamoa National Laboratory report LA-8056+fS, NuREG/cR-lo59
(Octobet 1979).

mad D. Knight and Vera B. Metzger, “TRAC-PD2 Develo~ental Aaseaament,”
Loe Alamoe National kboratory report LA-9700+lS, NUREG/CR-3208 (to be
published).

B. E. Boyack, “TRAC-PF1 Developmental Aeeeasment,” Los Alamos National
Laboratory report LA-9704+, NURJWCR-3280 (July 1983).

l“. S. saho~a and F. L. Mdeaoio, “TRAC-PFl/tiODl Developmental
AaeeaamentF” Los Alamoa National Laboratory report (to be published).

T. D. Knight, “TRAC-PLA independent Aaeeaament - 1979,” Loa Alamoa
National Laboratory report LA-8477-Ms, NUREG/CR-1652 (January 1981).

Thad D. Knight, “TRAC-PD2 Independent Aaeeaemont,” be Alamoo National
Laboratory report LA-10166-MS, NUREG/CR-3S66 (to be publiahad).

C. P. Bookar, B. E. Boyack, P. Chddington, T. D. ‘Knight, J. K. Meier, and
J. R. White, ““TRAC-PF1 Independent Aaoesamant,” Loo Alamoo National
Laboratory report (ta be publinhad).

Robert K. Fujita, “TRAC-PFl/MODl Potittest Analysis
Break Test S-UT-8,” Los AlamoeI Natlnnal Laboratory
(My 1984] .

John K. haier, “TRAC-PFl/MODl Poutteat Analyaia
Anticipated Traneient vithout Scram,” Loo Alamoe
report (to be published).

of SemiScale Small-
report LA-UR-84-2079

of LOFT L9-4, ● n
National Laboratory


