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COMPARISON OF TRAC AND RELAP5 REACTOR SYSTEM
CAI,CULATIONS FOR A DEGB LOCA IN K-14.1

Summary

A comparison of TRAC and RELAP5 predictions of steady-state and
DEGB LOCA results (FI phase) for K-14.1 has been made. Both codes
had been previously benchmarked against 1985 L Reactor AC Flow
data and were under configuration control. The purpose of the code-
to-code comparison is to provide insight on the transient uncertainty
in TRAC plenum and tank bottom plenum pressures. The
comparisons focus on LOCA results between 0.5 and 2.0 s, which is
the primary period of interest for FI limits.

On balance, the comparison of TRAC and RELAP5 steady-state and
LOCA results for K-14.1 was very favorable. Both models reflected
the earlier benchmarking against L reactor data; similarities and
differences present in the benchmark results were in many cases
present in the K-14.1 results. The steady-state results were in good
agreement. For some parameters, the agreement (in either an
_.bsolute or relative sense) between TRAC and RELAP5 LOCA results
during the period of primary interest was actually better than at
steady-state.

The two areas of most significant disagreement between TRAC and
RELAP5 were the plenum side break flow rate and the plenum
pressures in the outermost ring and in the non-break sectors of the
other rings. The TRAC plenum side break flow rate was about 10%
lower than predicted by RELAP5. This flow rate difference is related
to differences in the plenum pressure distributions predicted by the
codes. TRAC has lower plenum pressures in the sector attached to
the broken nozzle; hence, the break flow rate is lower. RELAP5 has
lower plenum pressures everywhere else in the plenum, particularly
in the outer ring. The differences in the outer ring are similar to
those seen in earlier benchmark calculations; they are not considered
of great importance because outer nn| pressures are not used in the
limits process.

The most important plenum pressures are for the inner rings,
because they are the boundary conditions used in the FI limits
methodology. In particular, the break sector plenum pressure
transients are used to determine the nominal flowzone deposited
power limits. Here TRAC and RELAP5 agreed within 1.3 psi over the



time period of primary interest. This is excellent agreement. The
pressure transients in the non-break sectors (inner rings only)
contribute to the core-wide probability of not having FI for the DEGB

• LOCA. The TRAC and RELAP5 results for these locations differed by
1.2 - 5.3 psi. These differences reflect an overall flatter plenum
pressure distribution predicted by RELAP5.

I

The other parameters compared (tank bottom pressure, loop flow
rates, loop temperatures, core flow rate, and blanket gas pressure)
were in good to excellent agreement. In ali cases, the qualitative
behavior predicted by TRAC and RELAP5 was similar.

2



1. lntroductiQn

1.1 Background

TRAC-PF1/MOD1 [1] is a best estimate code that is used in the Flow
Instability (FI) limits methodology [2] to perform the reactor system
calculations for a double-ended guillotine break (DEGB) toss of
coolant accident (LOCA). The time-dependent plenum and tank
bottom pressures calculated by TRAC are used as boundary
conditions for the FLOWTRAN [3] fuel assembly code. The TRAC
model is a detailed representation of a production reactor, including
reactor- and charge-specific core and top shield models. General
features of the model are described in [4] and [5]; specific features
for the K-14.1 charge are described in [6]. The model has undergone
an independent geometry review, been benchmarked against reactor
data [7], and been placed under configuration control.

The bq limits methodology requires quantification of the uncertainty
in the nominal effluent temperature limits [8]. The uncertainties in
the TRAC plenum and tank bottom pressures are major contributors
te the total uncertainty from ali sources. These pressure
uncertainties are given in terms of one standard deviation of a
normal distribution in psia for the plenum and for the tank bottom.
It is these standard deviations that have to be quantified for the
uncertainty analysis.

One measure of uncertainty in code results can be obtained by
performing the same analysis with a different code and comparing
the results. The variations in key reactor parameters resulting from
differences in both the codes and the reactor models provide one
measure of the uncertainty in those parameters. Furthermore, the
analysis of the observed differences provides additional
understanding of the sensitivities present in the LOCA predictions.

In the case of SRS production reactors, such a comparison is possible
because of the existence of a RELAP5 [9] model of the reactors. This
model was developed essentially independently of the TRAC model

" and has most of the same features, though modeled with less detail. •
The RELAP5 model has been benchmarked against L reactor data [9]

| and is used in the limits methodology for the Emergency Cooling
System (ECS) phase of the DEGB LOCA.

3

.11



i

During 1989, the Idaho National Engineering Laboratory (INEL)
completed a coml:,arison of TRAC and RELAP5 analyses of the flow
instability (PI) phase of a double-ended guillotine break (DEGB) loss
of coolant accident (LOCA) for the K-14.1 charge. The assumed

, location of the break was a process water line (loop 5) at the plenum
inlet nozzle. This work was a cooperative effort between Savannah
River Laboratory (SRL) and the Idaho National Engineering

• Laboratory (INEL). The TRAC analysis was performed by SRL using
the TRAC-PFI/MODI code and a preiiminary K-14.1 model [6]. The
RELAP5 analysis was performed by INEL using the RELAPS/MOD2.5
code and a preliminary 6 loop "r,0" K-14.1 model. INEL analyzed the
results from both codes and issued a report in August 1989
comparing the TRAC and RELAP5 analyses [10].

'The overall reactor response predicted by both codes was very
similar. In the process of making the comparisons, INEL made
improvements to the RELAP5 models of the vacuum breakers and
blanket gas system after initial analyses showed discrepancies in the
TRAC and RELAP5 blanket gas and tank bottom pressures. With the
improved RELAP5 model, the time-dependent pressures in the break
sector of the plenum calculated by TRAC and RELAP5 generally
agreed to within 1 psi, while the time-dependent tank bottom
pressures generally agreed to within 0.5 psi. This is very good
agreement, well within the plenum and tank bottom pressure
uncertainties assumed in determining assembly effluent temperature
limits [8].

In the meantime, the TRAC model was modified as a result of the

geometry review and re-benchmarked against L reactor data [7].
The new TRAC model wa_ used to calculate the FI phase of the LOCA
[II], producing slightly different results than the preliminary model.
The TRAC code and the input decks for the K-14.1 model have
subsequently been placed under configuration control and _he LOCA
analysis has been performed again [12] for use in the final limits
calculatioos.

..

Since the original comparison with TRAC was made, the RELAP5
mo_,el has undergone a Quality Assurance (QA) review of the input
d_cks, performed under the IHEL ES&T Group Standard Practice

" Procedure 2.0 [13], and the deck and code has been placed under
configuration control at INEL. A considerable amount of new work
has been done with RELAP5 at SRL, including the calculation of

, 4



system response to the DEGB LOCA for the ECS phase limits
determination [14].

1.2 Purpose and Scope of Work
1

The purpose of this report is to update the earlier comparison of
TRAC and RELAP5 DEGB LOCA results using the final FI limits version
of the K-14.1 TRPC model with both code and model under

configuration control. The RELAP5 analysis will also be redone with
the QA reviewed input decks, though the results should be
unchanged from the earlier comparison.

The comparison of the two codes includes both steady-state and
transient calculations. In both cases, the comparison focuses on
plenum and tank bottom pressures since these are the parameters

i used as boundary conditions by FLOWTRAN in the limits calculations

and for which uncertainties must be estimated. In addition, other
system variables in the external loops and blanket gas plenum are
compared since they are related to plenum and tank bottom
pressures.

The comparison is intended to give information on the uncertainty
associated with the TRAC calculation of time-dependent plenum and
tank bottom pressures. However, this report does not attempt to
estimate these uncertainties.

1.3 Report Organization

The balance of the report is organized as follows:

Section 2.0 - brief descriptions of the models;
Section 3.0 - presentation and discussion of TRAC and RELAP5

_I steady-state results;
- Section 4.0 - presentation and discussion of TRAC and RELAP5 LOCA

results;
Section 5.0 - discussion of conclusions and recommendations;
Section 6.0 - references.

_s
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2.0 Descriotion of ModeLl

The TRAC and RELAP5 models used to perform the steady-state and
' LOCA analyses of K-14.1 are very similar at a rather basic level in

that they represent ali the major thermal-hydraulic features of the
reactor. These features include the six individual process loops, the

' water plenam, the fuel assemblies and sparjets, the moderator tank,
the flow paths through and around the top shield, the gas ports, the
blanket gas space, the vacuum breakers, the U-tube, and the septifoil
cooling system. In both models, the six process pumps are
represented by average homologous curves derived from
measurements taken in the actual pumps [15]. Both models
represent the parallel heat exchangers in each loop as a single
equivalent heat exchanger.

The TRAC and RELAP5 models differ primarily in the level of detail
with which they represent the reactor. The TRAC model is
significantly more detailed, both in the one-dimensional elements
comprising the process loops, fuel assemblies, and vent paths, and in
the multi-dimensional elements comprising the water plenum,
moderator tank, and blanket gas space. Of particular significance for
the comparison of LOCA results are the differences in the horizontal
nodalizations of the water plenum and the moderator tank. Figures
2.1 and 2.2 show the plenum and tank nodalizations of the TRAC and
RELAP5 models, respectively. Figure 2.1 shows that TRAC models
the plenum and tank with six equal azimuthal sectors and five radial
rings. Figure 2.2 shows that RELAP5 models the plenum and tank
with six equal azimuthal sectors and three radial rings. The
innermost ring (ring 1) of the RELAP5 model is equivalent to the
inner 2 rings (rings 1 and 2) of the TRAC model. Similarly, the
middle ring of the RELAP5 model (ring 2) is equivalent to rings 3 and
4 of the TRAC model. Ring 3 of the RELAP5 model is equivalent to
ring 5 of the TRAC model.

More detailed discussions of the TRAC model are found in [4], [5], [6],
and [7]. The RELAP5 model is discussed in [9] and [10]. More
detailed comparisons of the models are found in [7] and [10].
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3.0 Steady-State Results

The steady-state TRAC and RELAP5 results for K-14.1 are
summarized iv Tables 3.1, 3.2, and 3.3. The available reactor data
from similar charges (K-13.1, K-13.2) are also shown. The intent of
this comparison is not to judge the adequacy ofleither code to
calculate steady-state behavior, since the operalional data is very
limited and both codes have been benehmarkedl against much more
extensive and detailed reactor data [4,7]. The intent is to identify
the differences in calculated results that ere present even at steady-
state, so that the differences observed later in thie LOCA results can
be put into perspective.

Table 3.1 shows a comparison of calculated process water volumetric
flow rates and temperatures. Process water temperature data from
the K-13.1 and K-13.2 subeyeles, which were Mark 22 charges
having hydraulic characteristics nominally equivalent to K-14.1, are
included. The K-13.2 data are more directly comparable to the code
results than the K-13.1 data because of the elos¢tr match in core

power. In both cases, the measurements are a "snapshot" of
conditions at a particular time during the subcyele.

In general, the agreem3nt between the TRAC and RELAP5 results,
and the K-13.2 data is excellent. The TRAC and RELAP5 pump
suction temperatures for individual loops differ by less than 2 *C and
the average pump suction temperatures differ by only 0.1 *C. The
TRAC and RELAP5 plenum inlet temperatures for individual loops
differ by less than 1 *C and the average plenum inlet temperatures
differ by only 0.6 *C. The measured plenum inlet and pump suction
temperatures are about 3 *C lower than calculated values. As will be
discussed, this reflects differences between the heat exchanger
secondary conditions assumed in the models and those of K-13.2.
However, the comparison of the measured and ealeu|ated average
temperat-am rise from the plenum inlet to the pulmp suction is in
excellent lgreement, particularly the TRAC resulll which differs from
the measurement by only 0.I *C.

Since the total core power in the K-13.2 data was the same as in the
models, the agreement in average temperature r_se indicates that the
codes are calculating the correct total process waiter mass flow rate.
The TRAC and RELAP5 volumetric flow rates are in very good

agreement, with the RELAP5 model predicting slightly higher flows.

!



The maximum discrepancy (loop 4) is less than 800 gallons per
minute (gpm), a difference of 3.5%. This is consistent both in
magnitude and location with the respective TRAC and RELAP5
benchmark calculr, tions for Test "l" of the 1985 L Reactor AC Flow
Tests [7,9]. The calculated total system flaw rates are also in
excellent agreement, differing by only 1.4%. Finally, TRAC and

. RELAP5 calculate essentially identical septifoil cooling system flow
rates.

Table 3.2 shows a comparisonof measured and calculatedplenum
pressuresand a comparisonof calculatedtank bottom pressures.
The tank bottom pressureswere obtainedby adjustingthe calculated
cell-centeredpressuresin the bottom tank levelfor the elevation
head to the actualtank bottom. The only availablemeasurementis
of plenum pressureat the core centerline.Data from two different
pointsin the charge cycleare presentedto show the normal variation
in plenum pressurethatoccurs. One reasonfor thischangein
plenum pressureisthe growth of an oxidelayeron the fuelsurface,
which increasescore hydraulicresistanceand increasesplenam
pressure.

Though both codes calculate plenum pressures that are averages ,,
over rather large plenum volumes, the comparison shown in Table
3.2 is meaningful. Detailed measurements of L Reactor plenum
pressures show that the pressure is fairly flat over the region
comprising TRAC rings 1 and 2 [4,7]. The RELAP5 result for ring 1 is
in excellent agreement with the measured plenum centerline
pressure for K-13.2, differing by only 0.3 pounds per square inch
(psi). The agreement between RELAP5 and the K-13.1 data is very
good, differing by 1.1 psi. The TRAC result for ring 1 is in good
agreement with both measurements, though it is low by 1.0 - 1.8 psi.

Based on these limited comparisons, the RELAP5 model seems to be a
better predictor of steady-state plenum pressures. However,
because the plenum pressure does, on the average, increase with
radial distance from the centerline, the more detailed radial
nodalization of the pl:auto in the TRAC model may actually penalize
TRAC relative to RELAP5 in this case. Since RELAP5 ring 1

• corresponds to TRAC rings 1 and 2, the average of the TRAC
pressures in rings 1 and 2 provides a more consistent basis for the
comparison with the measured plenum pressures. On this basis, the

" TRAC plenum pressure prediction is still lower than the data, but by
only 0.6 - 1.4 psi.

1 '
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In general, the I_AC pressure results for the interior of the plenum
are lower than RELAP5 and the TRAC results for the outer ring are
higher. Again, this is consistent with the codes' respective
benchmark results for 1985 L Reactor AC Flow Test "I". '

The comparison of calculated tank bottom pressures shows that the
TRAC and RELAP5 results are in excellent agreement. The TRAC
results show a radial gradient of about 0.5 psi across the tank
bc::om, while the RELAP5 resultb are essentially constant. The
difference in calculated pressures ranges from essentially zero in the
region comprising TRAC rings 1 and 2 (RELAP5 ring 1) to a maximum
of 0.5 psi in the outermost ring. In the earlier benchmark results,
TPAC tank bottom pressures were higher than RELAP5 by 0.2 - 0.3
psi [7,9],

Table 3.3 compares measured and calculated values for heat
exchanger secondary side parameters. The heat exchangers are very
complicated; neither model represents the actual ,qow path faithfully.
Furthermore, because of code limitations both analyses were
performed with heavy water cooling on the secondary side rather
than the light water that is actually used. These facts account for the
differences seen in Table 3.3 between the calculations and the
measurements. The assumed temperature of the cooling water is
somewhat different in each case; hence, the outlet temperatures
differ as weil. Even so, the calculated values are reasonable. The
TRAC and RELAP5 secondary side models agree very weil, given the
1.6 °C difference in assumed cooling water temperature. The
calculated average temperature rises and total volumetric flow rates
are quite consistent. The larger measured volumetric flow rate
reflects the larger specific volume of light water.

I 9



4.0 LOCA Results

The LOCA analyses were performed assuming an instantaneousQ

break of the loop 5 process pipe where it connects to the plenum
inlet nozzle. A scram was initiated, with appropriate delays, when

, the average plenum pressure in the center of the core dropped to
90% of the steady-state value. The analyses were run for 5 seconds
of transient time, though the period of primary interest for FI limits
is between 0.5 and 2.0 seconds.

4.1 Break Flow Rates

Comparisons of the TRAC and RELAP5 break volumetric flow rates
for the plenum and heat exchanger sides are shown in Figures 4.1
and 4.2, respectively. In Figure 4.1, the flow rate changes from
positive to negative in the first few tenths of a second as the initial
flow into the plenum turns around and begins to flow out of the
break. In Figure 4.2, the heat exchanger side flow rate remains
positive because the direction of flow is unchanged, but the
magnitude increases from the steady-state value because of the
presence of the break. (Note: these plots were generated with
significantly more points in the first second for RELAP5 than for
TRAC ; hence, some of the differences portrayed during this period of
rapid oscillations are attributable to the relatively coarse selection of
TRAC points.)

. Figure 4.1 shows that the plenum side break flow predicted by both
codes exhibits the same qualitative behavior, though there are
differences in timing and magnitude between the two models. In
both cases, the break flow increases rapidly before settling down to a
quasi-steady value. The TRAC model predicts that a quasi-steady
flow rate of around 25,000 gpm is attained within about 0.5 seconds
(s). Over the remainder of the 5.0 s transient, the calculated break

. flow ranges from a minimum of about 24,100 gpm to a maximum of
. about 24,700 gpm. The RELAP5 analysis predicts a break flow that

increases to a high value of approximately 29,500 gpm at around 0.3s and then decreases to a quasi-steady value of around 27,000 gpm

• at about 1.0 s. Over the remainder of the 5.0 s transient, thecalculated break flow ranges from a minimum of about 26,500 gpm
to a maximum of about 27,400 gpm. On the average, the TRAC break

" flow rate is 10% below the RELAP5 flow rate during the primary
period of interest. It may be coincidental, but this is consistent with

_[ 10



the TRAC benchmark results for the backflow tests ("D", "E", and "J")
of the 1985 L Reactor AC Flow Tests [7]. In these analyses, the flow -
rate calculated for the backflow loops was 7.3% to 10.3% lower than
the data. However, the TRAC results for the plenum pressures in the
backflow sectors were excellent. In the K-14.1 LOCA analyses, the
differences in plenum side break flow rates are consistent with
differences in the TRAC and RELAP5 plenum edge pressures, which Q

are discussed later.

The comparison of heat exchanger side break flows shown in Figure
4.2 is similar to the plenum side break. On the heat exchanger side
of the break, the flow rate reflects the response of the process pump
to the reduced resistance resulting from the break. Consequently,
the flow rate increases rapidly before attaining a new quasi-steady
value. The agreement between the two codes during the period of
the rapid increase in flow is remarkable, even to the point of
showing periodic dips in flow at the same times. Both codes reach
their quasi-steady values at around 1.0 s. As in the plenum side
break flow, the TRAC heat exchanger break flow rate of about 29,000
gpm is less than the RELAP5 flow rate of around 29,500 gpm. Over
the period of primary interest, this difference is less than 2%, which
is excellent agreement. Indeed, as Table 3.1 shows, the TRAC and
RELAP5 heat exchanger side break flow rates are closer than the
corresponding steady-state flow rates for loop 5.

4.2 Intact Loop Flow Rates

Figures 4.3 - 4.7 show comparisons of the transient flow rates in the
intact loops calculated by TRAC and RELAPS. The response of these
loops to the LOCA is similar to the heat ev.changer side of the broken
loop, because the effect of the break is to reduce the overall system
resistance against which the process pumps must deliver flow. In
general, the calculated quasi-steady flow rates are in excellent
agreement. Over the time period of primary intere_st, the TRAC and
RELAP5 .Im_ctions of loop flow rate_ in loops 1, 1'., 3, and 6 agree
within 1.5%. For loop 4, 'IRAC and RELAP5 agree to within 3% during
the same period, which is better than the steady-state difference of
around 4.0%.

q$

4.3 Loop Temperatures
L

Figures 4.8 - 4.13 show comparisons of transient temperatures at the
pump suction ("T hot") and heat exchanger outlet ("T cold") of the six

11 1
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process loops as predicted by TRAC and RELAPS. The pump suction
temperatures show very little change during the LOCA. Therefore,
the agreement between TRAC and RELAP5 essentially reflects that of

• the steady-state analyses. For loops 1 - 3, the TRAC and RELAP5
pump suction temperatures agree within 0.25 °C. For loops 4 - 6, the
agreement is within about 1 °C.

I,

The transient results for heat exchanger outlet temperatures show
some larger differences between TRAC and RELAP5. In general, both
models show a small increase in temperature for the first 2 or 3
seconds followed by a gradual cooldown. The heatup reflects the
decreased core flow rate that occurs prior to the scram. For the
intact loops, the RELAP5 heatup is small (0.4 - 0.7 *C), while the
TRAC heatup is larger (1.0 - 1.6 *C). The predicted heatup in the
broken loop is somewhat larger, 1.2 *C for RELAP5 and 2.6 *C for
TRAC. This agreement is very reasonable, especially considering that
the transient temperatures are not used in the limits process.

The cooldown period reflects the impact of the scram on core power.
In general, the TRAC model produces a more significrmt cooldown
than RELAPS. This region is beyond the period of primary interest
and has no impact on the FI limits.

4,4 Plenum Flow Rates

Figure 4.14 shows a comparison of the net volumetric plenum flow
rates during the LOCA as predicted by TRAC and RELAP5. This flow
rate is the sum of the flow entering the plenum from the five intact

loops less the flow leaving the plenum through the broken loop. The
transient behavior is qualitatively similar to that of the plenum side
break flow, though in a "mirror image" sense. Plenum flow decreases
as break flow increases, reaching a minimum roughly when the
break flow is at its maximum. Then, ts the break flow decreases to
its quasi-steady value, the plenum flow increases to its own quasi-
steady value. As shown in Figure 4.14, this behavior is most
pronounced in the RELAP5 results.

The overall agreement between the TRAC and RELAP5 plenum flow
• results is excellent. Initially, the RELAP5 plenum flow exceeds the

TRAC core flow by about 2000 gpm out of 150,000 gpm (1.4%). Early
in the LOCA, the difference increases briefly as the RELAP5 plenum

" flow drops below TRAC, reaching a maximum value of about 9600
gpm (8.5%). As the predicted plenum flows increase to their quasi-
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steady levels, the agreement improves. During the time period of
primary interest, the TRAC plenum flow continues to e>,:eed the
RELAP5 flow, but only by between 900 and 1900 gpm. In fact, the
difference in the TRAC and RELAP5 plenum flows between 0.6 s and
2.0 s is 1% or less, which is better agreement than seen for the
steady-state conditions.

,li

4.5 Plenum Pressures

The transient plenum pressures during the LOCA are among the most
important parameters for the determination of Irl limits. The
comparison of TRAC and RELAP5 results for the plenum pressures
will be presented on the basis of the 3 RELAP5 radial rings, shown in
Figure 2.2. For TRAC rings 1 and 2 and a particular azimuthal sector,
the comparable RELAP5 pressure is from ring 1, which represents an
average of the TRAC values in that sector. Similarly, for TRAC rings 3
and 4, RELAP5 ring 2 represents an average pressure for a given
sector. TRAC ring 5 is directly comparable to RELAP5 ring 3. The
sector numbering convention used in this discussion is that of the
TRAC model, represented in Figure 2.1 by the cell numbers in TRAC
ring 1. Notice that these sector numbers donor correspond directly
to the loop numbers.

Figures 4.15 - 4.17 show a comparison of TRAC and RELAP5 plenum
pressures in the break sector (sector 3) for rings 1 - 3, respectively.
These figures show that the predicted plenum pressures experience a
nearly immediate significant reduction, followed by oscillations
lasting a few tenths of a second. After about 0.5 s, the changes in
calculated plenum pressures are relatively small and slow for the
duration of the transient. This period of relatively stable pressure
behavior encompasses the 0.5 - 2.0 s period of primary interest for
FI limits. Ali of the subsequent discussions of plenum pressures will
address this time period.

The agreement between TRAC and RELAP5 results for rings 1 and 2
of the break sector, shown in Figures 4.15 and 4.16, is very good.
Indeed, the agreement (in absolute terms) is slightly better than
seen for the steady-state. During the period of primary interest, the
RELAP5 pressure in ring 1 ranges from 0.4 to 1.0 psi lower than
TRAC, while in ring 2 the RELAP5 pressure ranges from 0.8 tc 1.3 psi
higher than TRAC. The largest difference is seen in ring 3, where
RELAP5 is higher by 5.0 to 5.4 psi. This ring 3 comparison is a
significant change from the steady-state, where the RELAP5 pressure

13
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is 9.5 psi lower than TRAC. This illustrates an important difference
in the TRAC and RELAP5 plenum pressure results. In general, the
RELAP5 results are "flatter" than TRAC. In the break sector, the
calculated pressure difference between the inner and outer ring is
about 3.5 psi for RELAP5 and about 9.5 psi for TRAC. Most of this
difference is seen in ring 3, which determines the driving pressure
for the break flow rate. This is consistent with the higher plenum
side break flow rate calculated by RELAP5. Significant differences in
ring 3 pressures, which are seen in ali sectors, are not important to
FI limits in and of themselves because ring 3 does not provide
boundary conditions for any fuel assemblies.

Figures 4.18 - 4.26 show comparisons of TRAC and RELAP5 plenum
pressures for rings 1, 2, and 3 in sectors 2, 1, and 6, respectively.
Sector 2 is adjacent to the break sector and is symmetric with sector
4, which is not shown. Sector 1 is 120 * removed from the break
sector and is symmetric to sector 5, which is not shown. Sector 6 is
180 * removed from the break sector, so it is "opposite" the break.

The qualitative behavior of the calculated pressures in ali of these
locations is similar to that of the break sector. The impact of the
flatter RELAP5 pressure distribution during the LOCA can be clearly
seen by comparing sectors in a given ring. The difference between
TRAC and RELAP5 plenum pressures increases with azimuthal
"distance" from the break sector, reaching its maximum in sector 6,

"opposite" of the break. Here, RELAP5 predicts plenum pressures
that are lower than TRAC by 4.0, 5.3, and 13.6 psi for rings 1, 2, and
3, respectively. Indeed, the RELAP5 pressures are lower than the
TRAC pressures everywhere in the plenum other than the break
sector.

4.6 Tank Bottom Pressures

The tank bottom pressures during the LOCA are also important
boundary conditions for the FI limits methodology. Figure 4.27
shows a comparison of TRAC and RELAP5 tank bottom pressures
during the LOCA in sector 3, ring 1. The behavior in ali other rings
and sectors is very similar to that of Figure 4.27. The TRAC and

, RELAP5 calculated response of the tank bottom pressures is
qualitatively similar. After some brief oscillations in the first few
tenths of a second, the pressure drops monotonically for a period of

" 1.5 - 2.0 s. The pressure then increases for about 1 s before
beginning a final period of relatively gradual decrease. The lowest

14

m



pressures are seen during the period of primary interest, before the
tank is fully vented to atmosphere.

As Figure 4.27 shows, RELAP5 calculates slightly lower tank bottom
pressures than TRAC for the period of primary interest. The
maximum difference is only about 0.6 psi. This is very good
agreement, particularly considering that the behavior of the
complicated top shield and vent path models significantly influence
the tank bottom pressure.

4.7 Blanket Gas Space Pressure

As mentioned in Section 4.6, the tank bottom pressure is directly
affected by the blanket gas pressure. Figure 4.28 shows a
comparison of the TRAC and RELAP5 blanket gas pressures (gage)
dm-ing the LOCA. The transient response of the blanket gas pressure
is qualitatively similar to the tank bottom pressure, except that the
initial oscillations are absent. Both TRAC and RELA_5 show a rapid
drop in pressure, leading to a vacuum after about 0.8 s. Bofl_ models
predict that the rate of depressurization slows for a time thereafter,
_,,ntii the pressure eventually reaches its a minimum value. The
pressure then increases as the vacuum breakers clear, eventually
converging to atmospheric pressure. RELAP5 predicts a lower
minimum pressure (-2..3 psig) and a later recovery time (2.0 s) than
TRAC (-1.9 psig, 1.9 s). This is very good agreement and entirely

' consistent with the tank bottom pressure comparison discussed
earlier.
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5.0 Conclusions and Recommendations

On balance, the comparison of TRAC and REL,M:'5 steady-state and
" LOCA results for K-14.1 was very favorable. Both models reflected

earlier benchmarking against L reactor data; similarities and
differences present i_ the benchmark results were in many cases

= " present in the K-14.1 results. The steady-state results were in good
agreement. For some parameters, the agreement (in either an

absolute or relative sense) between TRAC and RELAP5 LOCA resultsduring the period of primary interest was actually better than at

i steady-state.The two areas of most significant disagreement between TRAC and
- RELAP5 were the plenum side break flow rate and the plenum

pressures in the outermost ring and in the non-break sectors of the
other rings. The TRAC plenum side break flow rate was about 10%
lower _han predicted by RELAP5. This flow rate difference is related
to differences in the plenum pressure distributions predicted by the
codes. TRAC has lower plenum pressures in the s_,_zcr attached to
the broken nozzle; hence, the break flow rate is lower. RELAP5 has
lower plenum pressures everywhere else in the plenum, particularly
in the outer ring. The differences in the outer ring are similar to
those seen in earlier benchmark calculations; they are not considered
of great importance because outer ring pressures are not used in the
limits process.

The most important plenum pressures are for the inner rings,
because they are the boundary conditions used in the FI limits
methodology. In particular, the break sector plenum pressure
transients are used to determine the nominal flowzone deposited
power limits. Here TRAC and RELAP5 agreed within 1.3 psi over the

i_ time period of primary interest. This is excellent agreement. Thepressure transients in the non-break sectors (inner rings only)
contribu_ to the core-wide probability of not having FI for the DEGB

i LOCA. The TRAC and.RELAP5 results for these locations differed by

1.2 - 5.3 psi. These differences reflect an overall flatter plenum
pressure distribution predicted by RELAP5.

' The other parameters compared (tank bottom pressure, loop flow
rates_ loop temperatures, core flow rate, and blanket gas pressure)

. were in good to excellent agreement. In ali cases, the qualitative
behavior predicted by TRAC and RELAP5 was similar.
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The results of this comparison of TRAC and RELAP5 LOCA analyses
suggest two worthwhile areas for additional work. First, it is
recommended that the comparison results be factored into the
estimation of uncertainty used in the H limits analysis, particularly
the uncertainty in plenum pressure. Second, it is recommended that
a TRAC model be benchmarked against some of the full-tank data
from the 1989 L Reactor tests.
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Table 3.1 COMPARISON OF K REACTOR DATA WITH TRAC AND RELAP5
CALCULATIONS OF STEADY-STATE PROCESS WATER TEMPERATURES
AND FLOWRATES.

" TRAC RELAP5 RMS 1 RDAP2-
Parameter, units (K14.1) (K-14.1) (K-13.2) (K-13.1)

Core Power, MW 1326.0 1326.0 1326.5 1395. i '_
" Pump Suction Temperatures, °C !!.

Loop 1 58.8 58.2 55.1 57.3
Loop 2 58.3 57.1 55.7 58.1
Loop 3 59.8 58.9 56.1 59.2
Loop 4 58.5 58.3 52.83 55.65
Loop 5 58.1 58.0 55.2 57.8
Loop 6 57.3 59.0 55.5 56.9
Average 58.4 58.3 55.5 57.9

Plenum Inlet Temperatures, °C
Loop 1 29.2 29.3 26.4, 26.4 26.6
Loop 2 29.1 28.9 25.3, 28.1 27.0
Loop 3 29.9 29.8 26.4, 25.8 27.4
Loop 4 28.7 29.4 26.2, 25.8 26.7
Loop 5 28.7 29.2 26.4, 26.4 26.8
Loop 6 29.0 29.8 26.6.25.2 26.2
Average 29.1 29.4 26.3 26.8

Average Temperature Rise, °C 29.4 28.8 29.3 31.1

Pump Volumetric Flowrates, gpm
Loop 1 26074 26313 NA4 NA4
Loop 2 26169 26188 NA NA
Loop 3 26629 26736 NA NA
Loop 4 25424 26313 NA NA
Loop 5 25487 26195 NA NA
Loop 6 26470 26736 NA NA
Total 156253 158481 NA NA

Septifoil Coiling System Total
Volumetric Flowrate, gpm 5882 5886 NA NA..... ,

• Notes 1. Reactor Monitoring System for 12/14/87, exposure. 285887. MWD
" 2. RDAP data for 3/23/87, exposure = 12465 MWD

i 3. Omitted from averages
4. Not Available

I
I
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Table 3.2 COMPARISON OF K REACTOR DATA WITH TRACilAND RELAP5
CALCULATIONS OF STEADY-STATE PLENUM AND TANK BOTTOM
PRESSURES.

,,

- TRAC RELAP5 RMS 1 RDAp2
Parametgr, units (K14.1) (K-14.1) (K-13.2) (K-13.1) "

M.U

Plenum Pressure, psia

Ring '1average 3 77.6 r79.7 79.44 78.64 "
Ring 2 average 78.5 L.79.7 NA 5 NA5
Ring 3 average 81.7 i-88.2 NA NA
Ring 4 average 90.8 1-88.2 NA NA
Ring 5 average 109.0 99.5 NA NA

Tank Bottom Pressure, psia
Ring 1 average 3 28.5 27.6 NA NA
Ring 2 average 28.5 27.6 NA NA
Ring 3 average 28.4 27.6 NA NA
Ring 4 average 28.3 27.6 NA NA
Ring 5 average 28.0 27.5 , NA NA

Notes 1. Reactor Monitoring System for 12/14/87, exposure= 2851187.MWD
2. RDAP data for 3/23/87, exposure = 12465 MWD
3. Based on 5 TRAC rings;RELAP5 has 3 rings corresponding to TRAC rings 1

and 2, TRAC dngs 3 and 4, and TRAC ring 5.
4. Measured at plenum centedine
5. Data Not Available
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Table 3.3 COMPARISONOF K REACTOR:DATAWITH TRAC AND RELAP5
CALCULATIONS OF STEADY-STATECOOLING WATER TEMPERATURES
AND FLOWRATES.

, TRAC RELAP5 RMS1 RDAP2-
Parameter,units (K14.1! (K-14.1) (K-13.2) (K-13.1)

Cooling water Temperartures, °C -"
" Inlet Average 15.6 14.0 13.2 13.1

OutletAverage 44.9 43.5 43.2 NA3
AverageTemperatureRise, °C 29.3 29.5 30.0 NA
TotalVolumetricF.!ow,gpm...... 155599 155915 170480 NA...... i

Notes 1. ReactorMonitoringSystemfor 12/14/87, exposure= 285887. MWD
2. RDAPdata for 3/23/87, exposure= 12465 MWD
3. Data Not Available

1
i

J

22
=



26

2O

14

9

2

3 1

11

I

_4

L_m_IL3
i

f _2 "
I iii .....

_i_i J_J=_ I TR_C PLENIJ.M.ANDTANK NODALIZATION



LI:X_ 6





wdO Ul MOll OlJlOwnlo^
I,,

I 26
I
I



0

wdB Ul MOU OlJ|ewnlo^

i 27

i



o

lb

wda Ul MOll op|ewnlo^

?R
-=- v

i
1
I



Lt')

wdll Ul MOil Ol41emnlo^

![ 29
i



wd§ Ul MoI# OlJlewnlo^

-m
II 30



3!

I
i



0 eeeJBep Ul eJnloJeClwel



_) IHJBtp Ul o_nleJodulo|

33

t



I,

0 eoo.nflop Ul o.inli.nodwol

34





0

0 tHJ|Op Ul oml_odmol

41
_[ 36

E



.J

0 eeeJDep Ul eJn|mJedwel

37
I
I



wdB Ul MOlJ OlJlewnlo^

-I 38
]
!



0

tlsd Ul e, nneJd



0

,b.

Wlsld Ul ejnnlud
I

B



nlsd Ul eJnneJd

!
!
m 4 !
ii



sled Ul eJnsseJd

42 ,
|



i ii ii L_

a

Olod Ul eJnneJd

i 43
|



i ii i i i iii i

, mltd Ul eJnmmtud

+i +4
_|



wlsd Ul eJnneJd

I 45
|



olod Ul eJnneJd

46



0

elsd Ul eJnueJd
)

47
-|
|



Lt')

• tlsd Ul oJnneJd

Ag
V!

I



wlsd Ul eJnsseJd

'i
:1 49
I
|



. wIN Ul e_nne.ed

i 3 0



' I."3

81sd Ul eJn88eJd ..

51
-li



., §Isd Ul eJnneJd

-I 52
_|
-t





I
I
!


