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ABSTRACT

The TRAC-PF1/MOD1 independent assessment project at Sandia is part of an
overall effort funded by the NRC to determine the ability of various systems codes
to predict the detailed thermal/hydraulic response of LWRs during accident and
off-normal conditions. As part of this effort, calculations for Semiscale Mod-2A
test S-SF -3, a feedwater-line break test, and S-SF -5, a steam-line break test, were
performed with TRAC-PF I/MODI.

Most aspects of both the S-SF-3 and S-SF-5 steady-state calculations were
found to be in good agreement with data. However, the need for a better steam
separator model was identified from the S-SF -3 calculation. Overall, the qualitative
bahavior of both transients was calculated reasonably well; however, there were
some discrepancies in the prediction of the quantitative behavior. The results for
the S-SF-3 transient calculation indicate that the primary-to-secondary heat
transfer degradation began too early. This was possibly due to overprediction of
entrainment in the steam generator boiler, leading to an incorrect calculation of the
secondary-side fluid distribution during the steady state. However, there was
insufficient data to verify this. Results for the S-SF-5 transient calculation indicate
that the primary-side fluid temperature response to a steam-line break was in
reasonable agreement with data but the pressure response did not coincide with the
data. Uncertainties in the data are sufficient to prevent us from determining the
exact cause of this discrepancy, but there is indirect evidence that the calculated
rate of phase change in the pressurizer was incorrect.
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1.0 INTRODUCTION

The TRAC-PFI/MOD! independent asses"ment project at Sandia National
Laboratories in Albuguerque (SNLA) is part of an overall effort funded by the
Nuclear Regulatory Commission (NRC) to determine the ability of various systems
codes to predict the detailed thermal/hydraulic response of light water reactors
during accident and off-normal conditions. As part of this effort, calculations for
Semiscale Mod-2A test S-SF-5, a feedwater-line break test, and S-SF-5, a
steam-line break test, were performed with TRAC-PF |/MOD L.

TRAC-PF 1/MODI [1] is the latest version of a systems code developed at the
Los Alamos National Laboratory to provide advanced best-estimate predictions of
postulated accidents in pressurized water reactors (PWRs). TRAC (Transient
Reactor Analysis Code) features a two-fluid, nonequilibrium, hydrodynamics model
with a flow-regime-dependent constitutive equation treatment. Early versions of
TRAC were designed primarily to simulate large-break loss-of -coolant accidents.
Additional models have been incorporated in TRAC-PF I/MQODI to allow simulation
of a broad range of accidents relevant to current licensing issues. (Version 11.6 of
TRAC-PF 1/MOD | was used for all the calculations reported herein.)

TRAC-PF 1/MODI is being assessed at SNLA by compariry calculated results
with data from various integral and separate effects tests. Among these is the
Semiscale Mod-2A SF series of tests conductec at the Idaho National Enrgineering
Laboratory (INEL). This series consisted of thres feedwater-line break tests and twe
steam-line break tests. The primary objectives of this test series were to
investigate the primary-to-secondary heat transfer response during the tests and to
provide a data base for reactor safety computer code assessment.

The S-SF -3 transient is a feedwater-iine break test initiated from full-power
steady-state conditions. The break size was originally chosen to simulate a 14%
break in a full-scale Combustion Engineering plant. The scaling criterion for the
break area was based on the secondary-side liquid mass to break area ratio in order
to preserve the "time-to-empty” of the broken loop (BL) secondary side. Because
the actual Semiscale secondary-side inventory was greatly different from what the
experimenters had planned, the Semiscale break size instead simulated a 4.6% break
in a full scale plant. Further information regarding the facility and this test is given
in the Experimental Operating Specification (2], the Quick Look Report (3], and the
Experimental Data Report [4].

The S-SF-5 transient is a steam-line break test initiated from hot-standby
conditions. Hot-standby conditions were chosen because they were expected to
result in the most severe transient with respect to overcooling. The break size was
chosen to simulate a 50% break of a steam line at the flow restrictor of a full-scale
four-loop Westinghouse PWR. To simulate communication between the BL and
intact loop (IL.) steam generators, both steam generators were allowed to blow down
until the I steam-line valve was closed upon receipt of a low BL secondary-side
pressure signal. (The IL steam-line break orifice is three times the area of the BL
steam-line break orifice.) Further information regarding this test is given in the
Quick Look Report [5], the Experimental Data Report (6], and the Experimental

Operating Specification [2].



Some of the experimental data plots presented in this report were taken from
data tapes and some were reproduced from plots in the S-SF -3 and S-SF -5 post-test
analysis reports [7,8]. The plots taken from references 7 and 8 do not contain data
before the initiation of the transient (i.e., steady state) as do the plots from the
data tapes. Also, the plots from references 7 and 8 terminate sooner. The
experimental data are always presented as dashed lines; the curves from the TRAC
calculations are presented as solid lines.



2.0 SEMISCALE MOD-2A FACILITY

The Semiscale test facility is located at INEL and supported by the NRC. The
designation "Mod-2A" represents the configuration of the facility used for several
different test series including the SF series. Semiscale is a scaled integral test
facility, shown in Figure 2.0.1, and is used to investigate thermal and hydraulic
phenomena which occur during hypothesized loss-of-coolant accidents and
operational transients in a PWR. The system was scaled to have a core power and
system fluid volume 1/1705th of a four-loop PWR, and consists of two primary
coolant loops connected to an electrically-heated core in a pressure vessel which
has an external downcomer. Each coolant loop contains an active pump ard steam
generator. The intact loop has three times the fluid volume and loop mass flow of
the broken loop and represents three operational loops in a typical four-loop PWR.
The pressurizer is connected to this loop. A more detailed description of the facility
is provided in Appendix | and additional information pertaining to the Semiscale
Mod-2A system is contained in references 9 and 10.
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3.0 TRAC-PF I/MODI INPUT MODEL

Geometric information for the TRAC input deck was taken primarily from
RELAPS input decks developed at SNLA for the Mod-2A system. These decks were
used for various RELAPS assessment calculations. [11,12] The RELAPS Mod-2A
input deck was converted to a TRAC-PFI/MOD| deck as part of our assessment
work for the Semiscale Mod-2A S-IB-3 transient [13]. Information particular to the
SF series configuration was obtained from references 2 through 8 and the S-1B-3
deck was modified to reflect this slightly different system.

The input changes necessary for modifying the S-IB-3 deck included changes to
the steam generator secondary sides, addition of countrol and trip logic pecuiiar to
feedwater-line and steam-line breaks, and removal of the accumulator, accumulator
check valve, and primary-side break components which were not required for the SF
series. A major change made to both the IL anc BlL. secondary sides was the addition
of a TEE to allow injectinon of feedwater to the bottom of the downcomer, instead of
at the top (with the old injection location at the top of the downcomer still used for
auxiliary feedwater (AFW) injection). With the feedwater injection at the bottom of
the downcomer, there was no downcomer gravitational head to help drive
recirculation flow. The piping necessary to initiate the feedwater-line break and to
allow isolation of the secondary sides was also added. In the SF experiments, the
breaks were modeled as orifices n the feedwater line (for S-SF-3) and the steam
lines (for S-SF -5). The reported orifice areas were used in the TRAC model at the
break junctions together with the implementation cf the choked flow model at those
junctions. There was no hydraulic communication between the secondary sides in
either test.

Form-loss coefficients (K factors) were adaed to model the tube support plates
on the secondary side, as opposed to using the automatic form-loss calculation
provided in TRAC. The annular flow friction-factor option was used in the
downcomer and the homogeneous flow friction-factor option was used in the boiler
region. The use of K factors and the choice ot friction-factor options was based on
our experience with modeling the B&W once-through steam generator tests [l4]
using TRAC-PF I/MODI.

Another modification of interest was the addition of a leakage path from the
primary side. This path was modeled using two TEE components located at the
bottom of the intact loop pump suction. A BREAK component was attached to the
side tube of one TEE and a FILL component was attached to the other. A K factor
(determined by trial and error) was added to the junction adjacent to the BREAK to
achieve the reported steady-state leakage rate; the FILL component was used to
provide the necessary makeup flow. During the transient the makeup supply was
terminated, as was done in the experiment. We felt that this modification might be
important because the reported steady-state leakage rate is of the same order of
magnitude as the HP1 flow rate during the transients [3,5].

A component schematic for the TRAC-PF I/MOD! input model of the Semiscale
Mod-2A system is shown in Figure 3.0.1. (The same input model, except for different
trip logic, was used for both transients.) Both loops are modeled, with the intact
loop shown on the left, the broken loop on the right, and the vessel in the middie.
This model contains 35 components, with a total of 184 |1-D mesh cells and 48 3-0




mesh cells in the VESSEL. The noding diagram in Figure 3.0.2 shows the 24 axial
levels and 2 azimuthal sectors of the vessel. (The radial dimensions have been
expanded to improve the appearance of this figure.) The vessel external downcomer
and the downcomer bypass line were modeled with TEE components. The support
columns and guide t'ibe were modeled with PIPE components connected internally to
the vessel. Ninety-three of the |-D mesh cells of this model are in the two steam
generators. Also, a total of 260 heat slabs was used tc model the heat structures;
119 of these were in the steam generators.

We assumed that the environmencal heat losses from the primary system were
accurately compensated for by guard heaters in the experiment and therefore
adiabatic boundary conditions were used for external surfaces in the input model.
The steam generator secondary side external surfaces were alsc modeled
adiabatically even though they did not have guard heaters attached in the tests; we
felt that the losses were small enough (6 kW [3]) to warrant this approximation. The
single-phase and two-phase homologous head and torque curves for the coolant
pumps were based on data supplied by INEL [9]. The accumulators were not required
for these tasts and therefore were not modeled. The tube-to-tube spacing was used
as the heated equivalent diameter on the secondary sides of the steam generators.
We have found from experience with both TRAC and RELAPS that this is a more
representative value than the standard heat transfer diameter (4.0 times the flow
area divided by the heated perimeter) for flow through a tube bank. Two input
listings for this model are provided in Appendix 1l; one listing is for the input model
with the S-SF-3 initial conditions and trips, and the other listing is for the input
model with the S5-SF -5 initial conditions and trips.

An input model consisting entirely of 1-D components was also constructed;
i.e., the 3-D VESSEL was replaced with a 1-D CORE along with additional PIPEs
and TEEs. This model was used to perform fast-running parametric cases for the
S-SF -3 test and will be discussed in Section 6.0. The input listing for this | -D model
is also included in Appendix IL.
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4.0 S-SF -3 STEADY-STATE CALCULATION

The S-SF -3 boundary conditions as specified in the TRAC input model are given
in Table 4.0.1. Steady-state conditions were achieved in the calculation with the
help of control block logic built into the input deck. One such control block was
included to adjust the pump speeds to achieve the reported loop flow rates. Also
included was a control block to adjust the feedwater flow to achieve the reported
secondary-side inventory. The control logic for both tne pump speeds and the
feedwater flows is of the form

PNEW = POLD[c xR + (1 -¢) ]

where PNEW is the new value of the parameter being adjusted, POLD is the value of
the parameter at the previous time step, c is an arbitrary constant (0.2 for the pump
speed controller and 0.5 for the feedwater controller), and R is the ratio of the
desired-to-actual control block input (pump speed for pump controller and steam
generator secondary-side inventory or water level for the feedwater controller). The
value of ¢ and the control block minimum and maximum limits are adjusted on a
trial and error basis to prevent over- or under-control, which could lead in turn to
undesired oscillations.

We encountered considerable difficulties attempting to nwdel the steam
separators located in the steam domes. {These are mechanical separation devices
that employ swirl vanes to remove liquid drops from the exiting vapor.) As an
alternative to modeling the steam separator, a steady-state calculation was
performed without a separator model. This preliminary steady-state calculation was
performed to help us gain insight into the flow behavior on the secondary side and to
determine if the primary-side conditions could be accurately predicted. We found
that, if the separator is not modeled, the feedwater must be increased by over a
factor of three to compensate for the considerable amount of liquid being entrained
by the exiting vapor in the calculation; this was done by the feedwater control block
which was set up to maintain the reported secondary-side inventory. Although the
feedwater flow rate was too high, the remaining steady-state conditions on both the
secondary and primary sides were in fairly good agreement with experimental data.

The secondary-side exit vapor, liquid, and total mass flow rates for this case
(no separator model) are shown in Figure 4.0.1. About 70% of the intact loop power
load was removed by generation of vapor which exited the steam dome at a rate of
about 0.7 kg/s. The remaining 30% of the power load was removed by the heating of
the liquid to saturation temperature. However, while a steady state can be achieved
if the separator is not modeled, we felt it would be preferable to implicitly model
the separator and thereby allow injection of feedwater at the correct rate. The
distribution of the secondary-side fluid should also be more representative of the
experiment if the separator is modeled.

A separate TRAC input model was then prepared which contained only the
intact loop steam generator with appropriate boundary c. . ditions. (This was done to
allow easier and quicker investigation of the steam separator and feedwater flows.)
A number of calculations were performed using this model. Figures 4.0.2 through
4.0.4 are plots from these calculations.




The normal method available in TRAC to model the separator involves the input
of a K factor greater than L.0E24 at the desired cell edge. This triggers logic in
TRAC that sets the liquid friction factor equal to the input K factor (essentially
infinite liquid friction) and also sets the interfacial friction to zero. Use of this
option was not successful at first. The cell immediately below the separator filled as
the entrained liquid was separated from the exiting vapor. The exit vapor flow rate,
therefore, decreased to zero while vapor generation in the boiler continued. As a
result, the cell pressure increased to the limit of TRAC's thermodynamic prope” 'ies
routines. To prevent this unwanted pressure increase, the accumulated liquid must
be removed from the cell via the downcomer. Unfortunately, the liquid wouit not
flow into the downcomer fast enough.

Several attempts to correct this difficulty were made, including movin , the
location of the separator, making the downcomer connection pipe vertical, and
adjusting the initial conditions and control block parameters in an attempt to "creep
up” on the desired conditions. Moving the separator location to the top of the cell
adjacent to the downcomer connection and making the downcormer connection pipe
vertical improved downcomer flow but were not sufficient to solve the probiem.
After much effort, the desired steady-state conditions on the secondary side were
achieved by carefully adjusting the control block parameters and initial conditions.
We found that, when using the controller as described above, it was necessary Lo sat
the upper limit for feedwater flow only 7% higher than the desired flow to prevent
overshooting the desired inventory. It was also necessary to use an initial inventery
less than the desired inventory and to allow the feedwater controller to increase the
feedwater flow. The response was very sensitive to any changes made by the
controller and it took a great deal of trial and error to find the appropriate control
block parameters and initial conditions. Perhaps a more sophisticated controller
could have been developed to reduce the controller sensitivity, but this was not
attempted because the effort dic not seem warranted.

The feedwater flow rate and steam-line flow rate are plotted in Figure 4.0.2
for the "steam generator stand-alone” case using the separator model. The small
fluctuations of the feedwater flow rate are a result of the controller action to
adjust the inventory. The steam-line flow rate exhibits sharp periodic fluctuations.
The use of a separator K appears to introduce this oscillatory behavior; however, the
average exit flow rate is correct. The inventory, shown in Figure 4.0.5, slowly
converges to the desired value of 114.7 kg. The flow into the downcomer is shown in
Figure 4.0.4. This quantity was not measured during the experiment, but represents
the amount of fluid recirculating through the steam generator including the liquid
separated from the exiting vapor. The calculated recirculation ratio (downcomer
flow rate divided by the feedwater flow rate) is about 2.6.

A stand-alone input mode! for the Bl steam generator was also constructed and
the above procedure of adjusting the initial conditions and control block parameters
was repeated. However, additional difficulties were encountered with the broken
loop steam generator. Although the desired inventory was achieved, the
secondary -side pressure increased to about 7.1 MPa, instead of the desired 6.46
MPa, as shown in Figure 4.0.5. Lowering the desired inventory from 126 kgto 112 kg
did not alleviate the problem. However, moving the separator to the exit of the
boiler and decreasing the exit pressure boundary condition to 5.7 MPa resulted in the
calculation of the correct secondary-side pressure. It is not understood why such a
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large pressure drop across the separator for the BL sieam generator occurs.
Unfortunately, when this stand-alone steam generator model was included in the full
system, it did not behave in the same way and a steady state could not be achieved.
Addition of a controller to adjust the exit pressure to achieve the desired steam
dome pressure was also unsuccessful.

An alternate method of modeling the separator was then tried. This method
does not include use of the large separator K but instead involves the use of an
artificially-large flow area at the steam dome exit. The large area has the effect of
reducing the exit vapor flow such that the amount of entrained liquid is decreased to
essentially zero. If the area was mac > too large, difficulties in the numerics caused
the code to fail. If the area was too small, insufficient separation occurred.
However, an area 50 times larger than the physical area was found to work well. In
fact, this separator model worked much more smoothly than the normal separator-K
model in conjunction with the feedwater controller. The stand-alone steam
generator model ran about 30% faster when using the increased area than when
using the separator K. The steady-state calculation was repeated using this
increased flow area separalor model on the brokea loop and the separator K model
on the intact loop.

The measured steady-state results for S-SF-3 are given in Table 4.0.2 along
with the calculated results with and without a separator model on the secondary
sides. (Uncertainties are included with the measured values when available.) This
table shows that relatively good agreement with data is being achieved. The
secondary-side inventories are included in this table (even though they really are
specified boundary conditions) because it was not always possible to achieve the
exact reported value due to the sensitivity of the control blocks used. The
calculated BL pump speed does not agree well with the reported value for two
reasons. First, only the single phase pump curves for the broken loop were known
(we used the two-phase curves of the intact loop pump), and second, the geometry
of the BL pump for the test was different from when the pump was characterized.

Multiplying the reported loop mass flow rate by the enthalpy difference from
cold leg to hot leg at the reported temperatures yields a power level of about 2.1
MW; this is inconsistent with the reported power level of 2.0 MW. This inconsistency
reflects the 2 K uncertainty in the temperature measurements along with the
approximately 5% uncertainty in the mass flow rate measurements. In the TRAC
calculation, the mass flow rates are being set by a controller to exactly equal the
reported flow rates and the core power is set to equal the reported power.
Therefore, the uncertainty associated with the mass flow rate will be reflected in
the calculated loop temperatures.

Al-



Table 4.0.1. S-SF -3 Boundary Conditions

Core Power (MW): 2.0
Pressurizer Pressure (MPa): 15.13
Pressurizer Liquid Mass (kg): 12.4
Loop Flow Rates (kg/s):

L 8.45

BL 2.16
Secondary-Side Pressure (MPa):

(W 6.31

BL 6.46
Feedwater Temperature (K):

[ 528.0

8L 525.0
Auxiliary Feedwater Temperature (K):

L 298.0

BL 298.0
HPI Liquid Temperature (K): 300.0
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Table 4.0.2.

Parameter
Fluid Temperatures (K):

IL Hot Leg
IL Cold LLeg

Fluid Temperatures (K):

BL Hot Leg
BL Cold Leg

Secondary-Side Inventories (kg):

(W
BL

Pump Speeds (rad/s)

I
BL

Feedwater F low Rates (kg/s):

[
BL

Leakage (kg/s):

S-SF -3 Steady-Stace Results

Measured

ol

Calculated
No Separator Separator
600.5 600.9
569.2 569.6
599.6 600.1
565.9 566.5
114.6 115.0
125.6 126.9
244.7 244.7
1314.0 1516.0
3.9 0.96
1.3 0.25
0.005 0.005
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5.0 S-SF -3 BASE CASE TRANSIENT CALCULATION

The feedwater-line break transient calculation was run beginning from the
steady-state calculation that used different separator models on the two steam
generators as described in Section 4.0. Decay power following the simulated reactor
scram was preprogrammed for the experiment; therefore, this power versus
time-after-trip curve was input as a boundary condition in the TRAC model. The
main feedwater was stopped fo- both steam generators at the initiation of the
transient. (The termination of feedwater is significant in that it greatly affacts the
transient response, as will be discussed.) Also, the auxiliary feedwater flow was
input as a flow versus time-after-trip table as specified in the experiment, The
pump coastdown curves were taken from the operating specifications [2] and were
specified as pump speed-versus-time tables. High pressure injection flow was
maodeled as a pressure-dependent boundary condition.

The S-SF-3 transient event sequences for both the calculation and the
experiment are given in Table 5.0.1. Except for the overpressure signal, all the
events were programmed to occur at the specified time. The overpressure signal was
programmed to occur when the pressurizer pressure exceeded |5.86 MPa. Receipt of
the overpressure signal activated reactor scram, primary-side coolant pump
coastdown, and steam isolation valve closure. The overpressure signal was
calculated to occur too early because the IL primary-to-secondary heat transfer
degradation began too early in the TRAC calculation. Another discrepancy between
the TRAC calculation and the experiment is that the feedwater-line break flow rate
was greatly underpredicted by TRAC.

Figure 5.0.1 shows the feedwater-line break mass flow rates for the TRAC
calculation and for the experiment. The large mass flow spike at the beginning of
the experiment was probably due to a slug of cold liquid upstream of the break valve
that had not heen heated during the steady state. As can be seen, the experimental
data curve between 15 s and 100 s is about a factor of two greater than the
TRAC-calculated curve. This was also observed in the RELAPS post-test
calculation of this experiment (7). INEL determined in that calculation that a
subcooled discharge coefficient of about 1.6 was required to match this part of the
experimental data. Also, a two-phase discharge coefficient of 0,84 was used in the
RELAPS calculation to match the break flow data after 100 s. Cischarge
coefficients of 1.0 were used in the TRAC calculations for the entire transient. We
used values of (.0 because we feit the INEL value of 1.6 for the subcooled discharge
coefficient was not physically justifiable. The two-phase discharge coefficient was
not very important because the break flow was subcooled fluid for n.ost of the
transient. Also, as will be discussed, the break flow was not a dominant factor in the
transient.

After 100 s, the mass flow rate in the experiment dropped to around 0.1 kg/s
while the TRAC -calculated mass flow rate was about 0.3 kg/s. The reason for the
drop at 100 s in the experiment can be seen in F igure 5.0.2, which shows the
densities upstream of the break for the experiment and for the TRAC calculation. In
the experiment, the density dropped substantially when two-phase fluid
(predominately vapor) began to exit the break. This also occurred in the calculation
but not until 300 s. [n both the experiment and the calculation, the drop in density
occurred when the Bl. secondary -side inventory dropped to around 15% of the initial
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steady-state value as shown in Figure 5.0.3. The inventory in the experiment
dropped much faster than in the calculation because of the greater initial break
flow. The change in slope for the calculated inventory at 62 s is due to steam-line
valve closure. Loss of BL inventory after this time was due only to the break flow.

The reason for the break flow underprediction may be a problem with the
choked flow models or it may be related to an inadequate representation of the
break geometry or the downcomer/boiler geometry in the TRAC input model. Based
on INEL's similar difficulties with predicting the break tlow using RELAPS [7], we
feel that it is unlikely that the choked-flow model is as far off as this calculation
indicates, and that this particular test is not suitable for assessing TRAC's
choked-flow model.

Before the simulated reactor scram, the Bl steam dome pressure, as shown in
Figure 5.0.4, remained relatively constant, as if no break had occurred. This is
because only liguid (low specific volume) was exiting the break at this time. The
underprediction of break flow therefore did not significantly affect the primary-side
"ransient response with respect to the time of reactor scram. After reactor scram,
the measured pressure decreased because the volumetric flow rate out the break
was greater than the rate of vapor generation. Because the break flow rate was
underpredicted, vapor generation in the calculation was sufficient to cause a
pressure increase when the steam-line valve was closed at the time of reactor
scram.

The phenomenon found to control the initial transient response was the heat
transfer degradation that occurred as a result of feedwater termination. During the
steady state, the BL steam generator secondary side had a larger inventory than the
intact loop but was carrying only 20% of the heat load. Also, as already mentioned,
the small feedwater-iine break was not large enough to influence the transient
response before the time of reactor scram. Therefore, the primary-to-secondary
heat transfer was dominated by the intact loop. After the feedwater was terminated
at the initiation of the transient, the IL heat transfer decreased while the BL heat
transfer initially increased. However, the combinea [l and BL heat transfer
represented a net decrease of the heat transfer rate.

Figure 5.0.5 shows the secondary-side inventory for the intact loop. The
inventory in the IL secondary side decreased at the same rate as in the experiment
before reactor scram. The closure of the steam-line valve at the time of reactor
scram ended the inventory decrease. Because reactor scram in the calculation
occurred 26 s earlier than in the experiment, much less IL secondary-side inventory
was boiled away in the calculation compared to in the experiment. Auxiliary
feedwater was initiated at 150 s and caused the inventory to increase at that time,

The IL steam dome pressure after reactor scram for the calculation was greater
than that in the experiment as shown in Figure 5.0.6. This is due to the greater
inventory remaining in the IL secondary side in the calculation after reactor scram,
as discussed previously. Vapor generation in the boiler continued, but, with the
steam-line valve closed, there was about |5% less available volume for the vapor to
expand into in the calculation.

The primary -to-secondary heat transfer rates for ti.e intact loop and the broken
loop are shown in Figures 5.0.7 and 5.0.8, respectively, for the TRAC calculation



and for the experiment. The combined BL and IL initial heat transfer rate in the
TRAC calculation is 2.0 MW, which equals the steady-state core power as desired.
The differences between the calculated and measured steady-state heat transfer
rates are due to measurement uncertainty as stated in reference 7. The
experimental curves should therefore be used for trend information only.

The heat transfer rate calculated automatically by TRAC was determnined
according to Newton's law of cooling, while the experimental rate was determined
by multiplying the experimental primary-side loop mass flow rate by the specific
heat and the temperature difference across the steam generator entrance and exit
plena. We recalculated the TRAC heat transfer rates for several times with the
same method used in the experiment and found the results to be nearly identical to
the results using Newton's law of cooling. We could have included control blocks in
the input to calculate the heat transfer rate the same way as in the experiment but
neglected to do so (although the control blocks were added for the S-SF -5 calcula-
tion). Because the results were nearly the same for both methods, we did not bother
to rerun the S-SF -3 calculations with these control blocks.

As seen in Figure 5.0.7, the IL heat transfer degradatior in the TRAC
calculation began almost immediately after the feedwater was terminated at the
initiation of the transient. However, in the experiment, there was a delay of about
20 s before degradation began and therefore a delay in the time of reactor scram.
Before reactor scram occurred, the steam line was open and core power remained at
the steady-state level. Therefore, the wall-to-liquid area available for heat transfer
decreased as the steam generator inventory was boiled away in the calculation. As
the area decreased, ‘he heat transfer degraded and the primary -side fluid
temperature and pressure increased. The mos* plausible way for the heat transfer
degradation to be delayed in the calculation is if the wall-to-liquid area is
temporarily maintainec by a fluid redistribution within the steam generator
secondary side. There asparently was no such redistribution of fluid at the initiation
of the transient. This indicates that the fluid distribution during stead, state may
not oe correct in the TRAC calculation. This could be a result ot inadequate
geometric modeling of the steam generator or a problem with one of TRAC's
hydrodynamics models such as 1. . interfacial drag model.

As already mentioned, the BL steam generator contained a larger
secondary -side inventory than the L. steam generator but was carrying only 20% of
‘he heat load. Therefore, the BL primary-to-secondary heat transfer was not as
sensitive to the loss of feedwater as was the I steam generator heat transfer. The
Bl. hot-leg liquid temperature, shown in F.gure 5.0.9, was increasing as a result of
the IL heat transfer degradation immediately upon termination of feedwater and
before reactor scram. Because the wall-to-liquid heat transfer area was not
decreasing as rapidly as the hot-leg temperature was increasing, the Bl heat
transfer rate (Figure 5.0.8) actually slightly increased before reactor scram in the
TRAC calculation. To a lesser extent, a small increase in the BL heat transfer rate
also occurred in the experiment.

Although there was a small increase in the heat transfer rate on the broven loop
prior to scram, the large decrease on the intact loop resulted in a net decrease in
the primary-to-secondary heat transfer rate. This caused the primary -side pressure
to increase as demonstrated by the pressurizer pressures shown in F igure 5.0.10. The
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TRAC-calculated pressure was seen to slowly increase at the initiation of the
transient whereas the measured pressure slightly decreased before abruptly
increasing at around 75 s. In the experiment, the pressurizer heaters were used to
maintain the desired steady-state pressure. At the initiation of the transient the
heaters were turned off and the pressure slowly dropped. Turning the heaters off in
the experiment suppressed the pressure increase that probably would have occurred
due to the initial small amount of primary-to-secondary neat transfer degradation.
A small pressure decrease did not occur in the TRAC calculation because it was not
necessary to use heaters to maintain the primary-side pressure. (Environmental heat
losses and guard heaters were not modeled in the TRAC calculation.) The early
calculated primary -side pressurization is attributed to this effect in addition to the
early primary-to-secondary heat transfer degradation.

The increase in primary-side pressure resulted in a reactor scram signal being
generated. Reactor scram occurred at 88 s in the experiment compared to 62 s in
the TRAC calculation. (This 26 s time difference is apparent in all of the plots
which demonstrate the transient response.) After reactor scram, the measured and
calculated pressures decreased at about the same rate until around 150 s. At that
time the calculated pressure leveled as the rate of heat transfer to the secondary
sides equilibrated with the decay power. However, the experimental plots indicate
at that time that the primary-to-secondary heat transfer rate was greater than the
decay power and the measured pressure continued to decrease.

As mentioned earlier, the total reported primary-to-secondary steady-state
heat transfer rate in the experiment did not equal the reported steady-state power;
measurement uncertainty was listed as the reason for this discrepancy. This
discrepancy is large enough to preclude making any comparison between heat
transfer rates and decay power during the test. The pressure decrease could only
have occurred if the primary-side fluid was cocling (contraction) or if fluid was
escaping from the system (leakage). An approximate calculation indicates that heat
losses of about 75 kW would be required to account for the measured pressure
decrease rate, corresponding to a temperature decrease rate of about 0.1 K/s. All of
the temperature measurements taken throughout the primary system show a
temperature decrease rate that is an order of magnitude less than this after around
100 s. Because the measured temperature throughout the primary side remained
relatively constant, part of the pressure decrease may be due to an increase in the
primary-side leakage The leakage would have to increase by a factor of about 3
over the reported steady -state value to account for the entire pressure decrease.

With respect to the secondary side, the early reactor scram and the

underprediction of the break flow account for the differences between the
calculated and measured secondary -side parameters.
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Table 5.0.1. S-SF -3 Transient Sequence of Events

Time (s)

Event Experiment  Calculation
Close Feedwater Valves ~2 -2
(3 s to close)
Open Feedwater Break Valve, 0 0
Terminate Makeup F low,
Turn Pressurizer Heaters Off
Primary-Side
Overpressure Signal: 88 62

Reactor Scram

Begin Coolant Pump Coastdown

Close Steam lIsolation Valves
Initiate IL and BL. AF W 150 150
Terminate BL AFW 300 3500
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Figure 5.0.5 IL Secondary-Side Inventory, S-5F -3 Base Case Transient
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