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TRAC-PF1/MOD1 ASSESSMENT AT LOS ALAMOS*

by

Thad D. Knight
Safety Code Development Group
Energy Division
Los Al amos National Laboratory
Los Alamos, New Mexico 87545

The Los Alamos National laboratory is developing the Transient Reactor
Analysis Code (TRAC) to provide an advanced best-catimate predictive
capability for the analysis of postulated accidents 1in pressurized water
reactors (P?WRs). Over the past several years, four distinct versions of the
code have been released; each new version introduced improvements to the
existing models and numerics and added new models to extend the applications
of the code. The first goal of the code was to analyze large-bresk loss-of-
coolant accidents (LOCAs), and the TRAC-PlA and TRAC-PD2 codes!,2 primarily
addressed the large-break LOCA. (The TRAC-PD2/MODl code is essentially the
same as the TRAC-PD2 code but it also includes a released set of error
corrections.) The TRAC-PFl code3? contained major changes to the models and
trips and to the numerical methods. These modifications enhanced the
computational speed of the code and improved the application to small-break
LOCAs. The TRAC-PF1/MOD]l code,* the latest released version, added improved
steam~generator modeling, a turbine component, and a contrsl system together
with modified constitutive relations to model the balance of plant on the
secondary side and to extend the applications to non-LOCA transients. The
TRAC-FF1/MOD1 code also contains reasonably geneiral reactor—kinetics modeling
to facilitate the geimulation of transients with delayed scram or without
scram.

As a part of the code-development process, Los Alamos also conducts
developmental assessment of the code before public release. References 5-8
describe the formal developmental assessment for each of the four publicly
released code varsions. We parform developmenta. aesessment during the later
stages of the development process to determine a range of validity for a
particular code version, to demonstrate the modeling and calculational
capabiiity of the code, and to assist 5r the setting of empirical constants
contained in the constitutive relations in the code. The analyses daascribed
in Refs. 5-8 were performed with the final, released code versions.

Independent assessnent of a particular code version begins when the code
is released. The code version 1is frozen with the exception that we permit
correction of coding errors and updates to improve the handling of boundary
conditions ag necessary. The purposes of independent assessment are
essentially the esme as those for developmental assessment except that we
change the empirical constants only in esensitivity analyses to investigate
discrepancies betwesen the calculated results and the data. The findings of
the independent assessment are transmitted to the code developers to aid in

* This work was funded by the USNRC Office of Nuclaar Regulstory Research,
Divicion of Accident Evaluation.



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

In the sense that independent assessment involves only released versions
of the code and because the results reported in the developmental assessment
reporta5'3 vere obtained with the final, relecased versiors of the codes, these
references constitute the initial independent assessment of the various code
versions. The formal independent assessment? of the TRAC-PlA code
investigated the behavior of that code in a variety of separate—effects and
integral tests important to the large-break-LOCA calculational rapability.
Reference 10 descrites the independent assegssment of the TRAC-PD2 code
(including the TRAC-PD2/MOD1l version); this independent assessment
investigated the effects of code 1improvemente .an the large-break LOCA
capability and extended the applications of the code to small-break LOCAs.

As indicated previously, the TRAC-PFl code contained many improvements to
enhance the application of the code to small-break LOCAs. The developmental
asgsessment mainly investigated the application of the code to small-break
LOCAs and tested the new one-dimensional modeling capability. Only a single
analysis tied the code back to the large-break LOCA capability in the TRAC-PD2
code that had been tested thoroughly. The independent assessmentl! of
TRAC-PFl provided more testing of the small-break LOCA and began the
applications of the code to non-LOCA transient tests.

During the past year, we have compieted our independent assessment of the
TRAC-PFl code and begun the independent assessment of the TRAC-PF1/MODl code.
For the independent assessment of the TRAC--PF1/MODl code, we are using several
experiments from the Loss~of-Fluid Test (LOFT) and the Semiscale facilities.
We also ire participating in the International Standard Problem 18 exercise, a
Loop Blowdown Investigations (LOBI) emall-break LOCA test (for which data
currently are unavailable). The developmental assessment® of TRAC-PF1/MOD1
congists of analyses of small-break LOCA and natural-circulation tests in the
Semiscale Mod-2A facility and non-LOCA transients in the LGFT facility. The
independent assessment supports applications of the code to large- and small-
break LOCAs and non-LOCA traneients and, thus, aida in the resolution of
current licensing isrues.

We have tested the small-hreak LOCA capability of TRAC-PF1/MOD1 by
analyzing Semiscale Tost S~UT-8 (Ret 12). This test simulated a 5% cold-leg
break with reduced ieakage flow betwsen thea cold-leg and hot-leg sides of the
system. The test results indicate that the core liquid level drops to the
bottom of the core, significantly below the minimum elevation in the pump-
suction piping, befor. the loop seals clear; the extent of the core dryout is
enhanced by the formation of liquid levels in the steam—-generator tubes on the
primary side.

We used a one-dimensional repressntstion of the Semiscale system in our
analyuis bL>cause of the large length-to-diameter ratios throughout the entire
systen and because of the enhaaced calculational speud of tha one-dimensional
wodeling over the three-dimensional modeling (which is only applicable to the
preusure vessel). The input model consists of 45 TRAC components, which ara
subdivided into a rotal of 198 hydrodynamic cells. Although there are small
timing differences between the TRAC-PF1/MOD1 analysis and the data, the code



correctly predicte the phenomena driving the core dryout and the extent of
that dryout. Figure 1 compares the calcuiated and measured upper-plenum
pressures. This comparison is quite good. The code correctly represented the
effect of the incressed pressurizer surge-line resistance that permitted the
primary system to decouple from the hot fluid in the pressurizer and to
saturate at ~11 MPa initially. The calculated depressurization continues in
good agreement with the data until ~360 s, at which time the code begine to
underpredict the data slightly. At ~5508, the calculated rate of
depressurization decreased abruptly as liquid trom the accumulators reached
the core and vapor generation increased. This change in the course of the
transient is not reflected in the data.

Figure 2 shows the calculated and measured collapsed 1iquid levels in the
core. The discrepancy between the two liquid levels during the first 100 s is
due to flow effects in the measurement and t» a differcnce in the drainirg of
the upper head as shown in Fig. 3. T™e difference in the draining of the
upper head also may impact the comperison 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 the level drope below the bottom of the
core whereas the calculated minimum level is ~3 cm. Figure 4, a comparison of
fluid densities just below the bottom of the core, clearly shows that the
difference in minimum core levels is real; the data indicate that shortly
after 2008 the 1liquid drops below this measurement location, but the
calculation continues to indicate only liquid during this time. Clearing oi
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Compurison of the TRAC-calculated and measured upper-plenum pressures for
Semiscale Test S-UT-8.
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Comparison of the TRAC-calculated and measured fluid densities below the core
for Semiscale Test S-UT-8.

the intact-loop eeal provides the liquid inventory to drive the rapid and
large increase in core inventory. Then, a slow boil-off of core inventory
occurs until liquid from the accumulators arrives. As the test ends, the code
is calculating the correct magnitude and trend in the core level.

Figures 5-7 compare cladding temperatures at three core elevations. At
the 1.37-m elevation, the code calculates both dryouts to occur late and
underpredicts the magnitude of the temperature excursions; these
discrepancies, 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), indicate that the code distributes the liquid inventory over too much
height during the time the dryouts occcur. At the 2.08-m elevation, the
comparison is improved and the code overpredicts the magnitude of the
temparature excursion following the second dryout. At the 3.55-m elevation,
near the top of the core, the comparison is aexcellent although the code
predicts that the final quenching process proceeds too rapidly. (It 1s
interssting to note that at this elevation, the data do not show any effect of
the early core-level depression even though the measured core liquid level
goes to rzero.)
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Figure 8 shows the calculated and measured liquid levels in the intact-
loop steam—generator tubes. The upside of the tubes i3 connected to the
steam-generator inlet plenum, and the downside of the tubes is connected to
the outlet plenum. The data for the first 100 s are influenced strongly by
flow effects and should be ignored. The ccde calculates the correct, at least
qualitatively, level formation and disappearance in the tubes, and its
predicctions are in good agreement with the data quuntitatively. The
differences in the upside and downaide levels during the first 2450 s drive the
core levels below the minimum elevation in the pump-suction piping. The code
calculates a similar behavior 1in the broken~loop steam generator. A
sensitivity calculation in which we increased the steam—generator secondary
noding adjacent to the tubes by a factor of two (halved cell sizes) shows that
the TRAC~PF1/MOD1 calculated levels before ~250 8 are insensitive to the
change and that the core 1liquid level ouring this time 1is relatively
unchanged. After ~250 s, the levela in the sensitivity calculation do change
slightly, and the core~level increasc after the initial minimum is reduced.

Figure 9 showe the central-processor-unit (CPU) time on a Cray-1S
computer as & function of transient time. On average, this calculation
required ~6 s of CPU time for each transient second.
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We tested the reactor kinetics and the hydraulics in TRAC-PF1/MOD1 by
analyzing LOFT L9-4 (Ref. 13), an anticipated transient without scram (ATWS).
This test is initiated by tripping the primary-coolant pmps and the main-
feedvater pump end by closing the main steam—flow control valve. We
discovered several errors in the programming of the reactor—kinetics models
and in the reactivity feedback that provided the impetus to add a time-step
control and time-step backup (repeat) based on the -kinetica calculation. With
these corrections and changes, the TRAC-PF1/MOD1 code correctly calculates the
course of the L9-4 transient until the reactor scram occurs. We used the one-
dimensional hydraulic modeling to obtain increased calculational speed. The
input model consists of 39 TRAC componente subdividedi into 161 hydraulic
cells.

Figure 10 shows the calculated and measured pressurizer pressures. This
figure, as well as the remaining figures in this paper, shows a portion of the
steady-state calculation (and data as appropriate). Following the initiation
of the transient, the pressure rises until the safety-relief valve (SRV)
begine to open and close cyclically to control the pressure. In the data, the
SRV stops cycling at ~580 s, but the calculated SRV behavior continues to
cycle until -~6€63 s. After the SRV stops cycling, the divergence in the
measured and calculated pressures may be caused by small differences in the
heating and cooling of the primary 1iquid and to leakage through the SRV.
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Figures 11 and 12 compare the measured and caluulated liquid temperatures
in the intact-loop hot and cold legs, respectively. Although there 1is some
variation among the fluid-temperature meagurements in the upper plenum, in the
intact-loop hot leg, and in the steam—generator inlet plenum, Fig. 1l does
show that the calculated temperature in the 1intact-loop hot leg 1is
underpredicted following the initial rise after the beginning of the
transient. Together, Figs. 11 and 12 indicate that the temperature rise
across the core may be low during the first ~600 s. The temperature rise in
the intact-loop cold leg that begins at ~250 s is caused by the degradation of
the steam—-generator—secondary heat transfer as the secondary liquid inventory
is depleted. A corresponding rise in the intact-loop hot leg is not observed
because the increased fluid temperature in the core reduces the core power.

Figure 13 sghows the calculated and measured liquid velocities in the
intact—loop hot leg. We adjusted the scale on this figure to show the
detailed comparison after the pump trip. The calculated result lies within
the indicated data uncertainty throughout the transient, although after ~800 s
the calculation is near the upper extreme of the data uncertainty. Figures 14
and 15 show the calculated and measured primary~coolant pump speeds during the
transieuc. The code correctly calculates the prolonged coastdown of pump
number 1 and the rapid coastdown of pump number 2. The differences in the
pump speeds reflect differences in the geometry and the hydraulic resistance
associated with the flow paths through the two pumps.
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Figures 16 and 17 compare the calculated steam flows from the steam-
generator secondary with two different measurerents, the main steamline flow
and the bypass—line flow, respectively. Because of the relatively complex and
varying control of the stesxrgenerator-secondary pressure, we specified che
secondary pressure as a boundary condition; the secondary pressure rises as
the main steam—line valve closes until the steam—generator bypass valve
controls the pressure (manually controlled by che operator). Figures 16 and
17 show that the steam flow decrecases rapidly as- the main steam-line valve
closes and then increases as the steam-bypass valve opens. The comparisons in
both figures are axcellent, but the more accurate bypass-line measurement
suggests that the steam flow between ~50 and ~100 s is slightly high.

Figure 18 shows the calculated and measured core powers. Again, we
adjusted the s:ale of this figure to show more detail in the comparison. The
comparisons in Figs. 10-18 are very good with the calculation generally lying
vithin nr near the data uncertainties; the major discrepancies occur in the
brokemrloop hot and cold legs and reflect a large uncertainty in the leakage
through the reflood-assist bypase valvas connecting the two piping legs and
poesibly the lack of a model to represent the thermal stratification of hot
and cold liquid. The variactions between the calculated curves and the data
traces in Figs. 10-18, although small, are consistent and point to very small
errore in the analysis.
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Figures 19-22 gsumnarize the rveactor-kinetics calculation during the
transient. The fuel-temperature reactivity (Fig. 19) becozes positive as the
transient begins and remains positive throughout the transient because the
fuel temperature drops and the reactor power decreases. The coolant-
tedperature reactivity in Fig. 20 becomes negative as the transient begins
because the average coolant-temperature in the core increases after the
primary~coolant pumps trip and the main steamline valve closes; this figures
reflects the changes in the intact-loop hot— and cold-leg liquid temperatures
in Figs. 11 and 12. Because there is no core voicing, the void-fraction
reactivity is not modeled. The programmed reactivity in Fig. 21 is used to
account for the incressed concentration of xenon as the power decreased;
without this slight negative r/ activity, the calculated core powar late in the
transient exceeded the data. These various contributions to the total
reactivity combine to inrfluence the reactor mwmultiplication congtant k
(Fig. 22). The changes in the reactor multiplication constant directly affect
the core power (Fig. 18). As expected, whenever the reactor multiplication
constant approaches one, the calculated power tends to become constant.

Figures 23 and 24 show the CPU time on a Cray-lS computer and the time-
step size as functions of the transient time.

0,070 o v - T — Y [— C—[—LL-
!

0.02% . i
@ |
5, 0.020- 4 |
v
s t
5
'E 0.0V . i
? 0,010

0,000

[QL]
NERY)
0.000-  m——— - Y - — —
-0 0 20 500 MO 000 1250 WOL 1M
Time (s)
Fig. 19.

Calculated fuel-temperature reactivity for LOFT L9-4.



Coolgnt-Temperature Reactmty

-0030 T B T T T Y b — CE.LL
1
-0.025- 1
-0.020- 1
=0.015-
=0.010- E
]
~0,005- -
CORC
0.000" } r E— : \ IN= 37
=250 Q 250 500 750 1000 R50 Lo 1750
Time ()
Fig. 20.

Calculated primary-temperature reactivity for LOFT L9-4.

Frogs-med Reoctaly

Progra.

-0.030 1 T T T T T T CLLL
!
-0.02%- .
-0.020-
-0.,01-
~0.010
-0.00% J
. b .
7 CoRl
/”.-—./;
el -
0.000 — o - h=_M
20 0 250 500 /0 1000 S0 1800 WD
Time (s)
F’.'- :1.

ned reactivity representing xenon poisoning for LOFT L9-4.




ansisrt k

Reoctor Muttgication !

1.004 — T -r T Y ng Y

CLLL
1
| /\—I ' 4
0.099- l v .
0.098" J
0.997 - T
0.996- 4
0.995- g
0.994 - J
CORLC
0893 —— . S— : : D= 37
-25%0 0 25 500 750 1000 250 500 1750
Tirme (s)
Fig. 22.

Calculsted reactor multiplication constant k for LOFT L9-4.

Tme s

Tolal Cf

1200 - — T T T — Y —

CELL
Py
1
0no
8no -
600
400
200
[ VALVI
[[AE R
0 T u —— Y - -r Comene e
=350 [§] PH ) 300 M0 1000 QL0 HOU 1740
Tima (h)
Fil L 2 3 .

CPU time required for the LOFT L9-4 analysis.




I'z 1 1 T T 1 T ™ CELL
1
ey
04b- _
B
[
A 06- |
2 0.4 J
L
02 ' _
0- _
VALVE
iD= A3
-0.2- Y T Y T T T -
-250 0 250 500 75 1000 1250 1500 1750
Time (s)
Fig. 24.

Time-step size used for the LOFT L9-4 analysis.

We currently are analyzing Semiscale tests from the steam-line and feed-
line rupture test series to benchmark that capability in the code. These
tests show the effects on the primary system of a severe transient in the
secondary eystem and represent a rigorous test of the steam—generator
modeling; the hydraulics to calculate level swell, phase separation, and
liquid holidup; and the heat transfer.

In the past, we have analyzed LOFT large-break LOCAs L2-3, L2-5, and
LP-02-6 with the TRAC-PD2 code. The LOFT Consortium conducted the
LOFT LP-02-6 transient to represent the double-ended offset shear of the cold-
leg piping from a condition of maximum power with an early pump trip. Our
TRAC-PD2/MOD1 analyses of this test indicated that the code could calculate
correctly the hydraulic phenomena early in the transient, but that the heat-
transfer correlations prevented the calculation of the early core rewet and
distorted the remainder of the transient. We are calculating this transient
vith the TRAC-PF1/MODl code to benchmark the large-break LOCA capability
againet the TRAC-PD2,/MOD]1 results. We also are using the reactor kinetics to
calculate the cors power instead of specifying the decay power as s function
of time as in the TRAC-PD2/MODl calculation. The LOFT large-break LOCAs
indicate that the final quenching of the core occurs shortly after the
accumulator empties; however, the TRAC-PD2/MODl analyses show a later
quenching. We have attributed at least part of this difference to the
inability of previous code versions to inject the nitrogen from the
accumulator as it empties and to force the final reflood of the core. Bacause



the TRAC-PF1/MOD1 code containa an air field, we are modeling the nitrogen
injection in our TRAC-PF1/MOD1 snalysis.

In conclusion, the TRAC-PF1/MODl1 analyses of Semiscale Test S-UT-8
compares very well with the data in general, and the code calculates all of
the phenomena driving the depletion of core inventory during the transient.
However, some of the differences observed in the comparison 3jupport the
addition of a TRAC plenum component to represent tn a straightforward manner
multirle connections to a single ceil and to avoid complex modeling with tee
componente. The LOFT 1L9-4 analyses huve led to the correction of several
errors in the reactor kinetics and subsequently demonstrated that capahility.

The Los Alamos assessment effort indicates that the quality of the code
improves as new code versions are released. And, although the work continues
to indicate needed improvements in the code, the TRAC series of codes and
specifically TRAC-PF1/MOD1l currently provide a4 very flexible tool for
analyzing a wide variety of transients pertinent to PWRs.
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