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1 INTRODUCTION
.1 Background to This Work
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2 THE EXPERIMENT
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Fig. 1. Schematic of the LOFT small break offtake configuration

In both tests the high pressure injection lines were connected directly '='o the top of
the downcomer, rather than the more usual attachment to the cold leg m. ~ay
petween the pumps and the vessel.

Full Jeta's of the tests are given in the EG&G Experimental data reports, Dao and
Carpenter 1980 and Peterson and Cook 1982

The purpose behind these two tests was to investigate the effects of a late pump trip.

221 L35

in L3-5 the pump was tripned very soon after reactor scram, which is the currantly
recommended practice. 7Y@ loop flow reduced and single phase natural circulation
commenced. As fluid is discharged from the break so the pressure falls and vapour
formation begins. This causec a transition to two-phase natural circulation which
continyes until the primary side pressure drops below secondary side pressure, at
which point it ceases as the steam generator is no longer a heat sink. in L3-5 this
occured at 750 seconds.

During two-phase natural circulation it 1s possible for the vapour which is condensing
on the cold steam generator ‘U’ tubes to run back into the vessel upper plenum via
the hot leg. This situation of counter current stratified flow in the hot leg and heat
removal from the core with zero net loop flow is termed ‘reflux condensation . [n
Candie, Kee. Madro and Chen 1981 the EG&G authors argue that this mode probably
did not take place in L3-5, based on their analysis of the relative flow areas available
for liauid and vapour flows in the hot leg.

However conditions in the loop were characterized by low flows and distinct
stratification.
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With the steam generator not aciing as a heat sink, enargy remaoval (s via the break
The High Pressure Safety Injection (HPIS] provides makeup fluid whicn boils in tha
tore and discharges as steam and hot water from the break. This is 3 stable condition
unless the watar level in the core is depressad below the leval of 1the loop piping

Depregsioa can occur if vapour s unabie to reach the break from the upper plenum
Pressure buildup in the upper plenum forces the watsr level dawn and can uncover
the fuel rods Normally it is the presence of a few maters of water in the ‘U’ shaped
loop seals directly upstream of the primary coolant pumps which creates a blockage
in the loops, preventing vapnur from passing round the loop 1o the break in the coid
leg in LOFT however there are other substantial fluw paths, or bypasses, which
connect the upper plenum to the top of the downcomer and hence allow direct
pessage of the steam to the break,

Because of these flow paths there was no significant level depression in L3-5 and the
fuel rods were always covered, Therefore the fuel rod temperatures remained at tne
saturation temperature throughout the test.

L3-5 was therefore a ‘benign’ test with no threat to tha plant,

222 L36

I L3-8 the pumps were left running after the reactor was trippad. This meant th-
foop

the loops was highly mixed, suppressing stratification. Be ause of thist' - ..
fluid exiting the break was substantially lower than in L3-5, leading Lo wgar
depletion of primary fluid niass. While the pumps remained on the cv & - & ..~
cocled, with fuel rod temperatures remaining at saturation,

The pumps were turned off at the predetermined event of primary pressure reaching
2.27 MPa (2371 seconds), Immediately the flyid around the system collapsed, settling
out and stratifying. The level in the core was below the top of the fuel rods which
began rapidly heating up. Aiso at this time the HPIS was turned off as part of the
preparation for a foillow on experiment termed L8-1. The heatup was rather severs
and was terminated by all available emergency water, that is both HPIS pumps
‘unscaled” and the Accumulator ‘B,

This tesi showed the potentiaily damaging effects of cantinued Pump operation,
fellowed by & fate trip,

3 THE CALCULATION

3.1 Code Version and Options

Both calculations were perfarmed using RELAPS/MOD2 cycle 36.05 version E03 on
the Harwell Cray computer. This version includes some 17 optional correction/model
improvements. These options have been fully desc ibed by W. Bryce at a meeting
of the RELAP User Group, {Bryce 1988), at which he listed those optians he felt would
give the current ‘hest’ prediction.

For the LOFT calculations here all these ‘reccmmended” options were used. They are
options 1.3,457.8,10,13,15 and 16
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L.os8 Alamos and Winfrith both discuss this and suggest that tha cubic inertia equation
's incorrect. EGAG services tried modifying the coefficients, but were only able 1o
improve some parts of the coastdown curve, and finaliy reseried to using a table of
pump speed versus time.

The relation between inertia and pump speed is given in Fig. 3. it can be seen that
it varies between 5 and 15 during the coastdown,

VARIABLE INERTIA AGAINST PUNP SPEFD
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Fig. 3. Variation of inertia with pump speed from cubic equation

Often the effect of the pump coastdown on major system parameters such as
pressure is very smail. It is only apparent when the pumps are tripped early in the
transient when the core power is still comparatively high. This is the case in L3-5,
while in L3-6 the run down of the pump is of no significance.

in L3-5 the pumps are tripped at 0.8 seconds. At this time considerable heat is still
being transferred from the core to the steam generators by the forced ioop flow. The
exact manner in which the loop flow decays will affect the energy removed from the
system and hence wiii change the primary pressure response. Because of this it is
important to account for the pump coastdown accurately.

Because of the uncertainty over what value to use for pump inertia, it was decided
that for L3-5 some brief investigation of the consequences was needed. The L35
calculation was run through the initial steady state period up to transient initiation.
Following this, three short caicuiations were made, restarting fromn the end of steady
state and running for some 50 or so seconds,

1. In the first the pump inertia was set to that
connected, (1.43).

2. Inthe secon; this value was increased arbitrarily to 4

3. Inthe third this value was further increased to 22.
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These values represent the uncoupled hehaviour, and the bounds of the inertia given
by the variable inertia equation

For each of these this value was maintained, with no attempt to modei the decoupling
of the flywheel which occurg in LOFT when the speed drops below 70 rads/sec.
Furthermore the variable inertia aquation was not used as this will tend to obscure
the results as it changes the inertia during coastdown The results are shown in
Fig. 4 on page 10 and Fig. 5 on page 10 below

The first thing to note is that none of the calculated roastdowns match the
experimental data. However as the decoupling of the flywheel was not modelled, this
is 1o be expected, For the purposes of this calculation it is most important that the
time of the end of coastdown is best fitted. This is the time forcad flow ceases and
naturai circulation takes over. From the curves presented it was thought thatl the
coastdown with moment of inertia 4 gave the best approximation to this. Therefors
the remaining part of the L3-5 transient was restarted from the calculation using this
value.

The experimental coastdown curve after the flywhee! decouples looks very similar to
the predicted coastdown with the 143 moment of inertia. This indicates the
cartactness of the uncoupled moment of (nertia, and the correct operation cf the
RELA® model.

From itese results we can deduc  hat a reasonable model would be to set the
inertia to 10, reducing to 1.43 when the flywheel decouples at 70 rads/sec This weuid
be achieved using the RELAP variable inertia model, but setting iy to |, equal to zero,
putting Iy to 10 and W, to trip the inertia back to 1.43 at 73.54 rad/sec. This will prevent
the pump coastdown being to dependent on minor changes in pump speed which
lead to large fluctuations in the moment of inertia.

Looking at the primary pressure responses produced by thesa varying coastdowns
demanstrates the significance of this eftect, The fast pump coastdown reduces the
neat transferred to the secondary side and therefore leads to a higher primary
pressure during the coastdown period. Although the final pressure reached will be
the equilibrium saturation temperature, it can be important to correctly model the
early heat transfer to the steam generator. For instance, at the start of this transient
the main steam valve is tripped and begins to close. This closure takes some 15
secands, which means it is open during most of the pump coastdown period.

Heat transfer to the secondary side dur‘ng this time will praduce steam which will
both raise the pressure and exit through the main steam valve. Putting extra heat in
during this time can lead to extra mass loss through the steam valve and
consequently change the liquid inventory of the steam generators. For some
transients where the steam generators subsequently boil dry a small change in
inventory at the start of a transient can lead to very large differences later on in the
time of dryout.

In summary then, there exists an uncertainty in how to model the pump Inertia. This
has not been fuily resolved. The value of 4 kgm® was used for these calculations, but
a better model may be to use the variable inertia model with the speed dependent
terms set to zero giving a two values for the jnertia of 10 kgr' before decoupling and
1.43 kgm? after decoupling.

3.23 Break Modelling

How the break is modelled can have a very great effect on any calculation. The
physical system being represented is the 14 inch cold leg pipe. a length of 1.3 inch
piping connected at right angles to the main pipe which leads to a break sizing
orifica, an instrumentation pipe leading to & valve and further piping from the valve
to the LOFT blowdown suppression tank. This is detailed in Fig. 1 on page 3
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no prassure builldup &and the downcomar and upper plenum levels will be
approximately level. except for the reduced density in the core due lo vapour

i there is considerable resistance in the bypasses, the downcomer and upper
plenum levels will be affected, which in turn affects the dansities in both hot and cold
legs and impacts on the break flow. In this case knowledge of the correct bypass
flows can be absolutely vital to a good prediction of major experimental effects.

The bypass sizes in the LOFT deck obtained as the basis for the present calculations
gave flows of 2.6% and 1.5% respectively for the upper plenum and valve leakage
flows. It is unclear why the value for 'he upper piehum bypass is so different from that
quoted by EGAG themselves in Condie, ee, Modro and Chen 1981, However the
upper plenum bypass flow was left at 2.6%.

A potentially greater uncertainty invoives the exact postion of the upper plenum
bypass. In the standard LOFT deck the bypass is modeiled between the top of the
downcomer and the top of the upper plenum. This effective ensures that any stcam
produced in the core can axit via this route to the top of the downcomer,

In Appendix A of Croxford, Harwoed and Hall 1985 it is argued that there couid be
bypass at the level of the hot leg nozzle penetrations. If all the bypass occurred at this
slevation the effects produced would be guite different, a fact which was
demonstrated in the aforementioned report by changing the bypass location.

With a bypass at a much lower elevation, steam is effeclively prevented from
reaching the downcomer. Consider the situation shown in F'~ 7 on page 14,

Here the bypass is assumed to be at nozzle slavation e mixture level in the
core is above this point. Vapour collecting at the top of the upper plenum cannot exit
via this bypass. In effect when the liquid level in the downcomer cr upper plenum is
at or abnve the nozzles, thare is no ve  our bypass at all,

This presents a problem for the L3-5 analysis. This effect is likely to influence the
whole nature of the transient, and yet cannot be accurately modelied,

To overcome this is was decided 1o perform two caiculations of the L3-5 transient.
The first would use the bypass size and position in the basic LOFT deck, while the
second, restarted some 100 seconds into the transient, would have no upper plenum
bypass at all. This was accomplished by deleting the bypass junction 208 on restart.

Analysis of hoth these calculations will highlight the rale of this bypass flow and allow
some bounding estimates to be made.

3.3 Modelling Test Specific Effects

3.3.1 Steam Control Valve

The Main Steam Control valve aominates the early secondary side behaviour. This
valve opens and closes at 5% per second. At Scram the valve begins to ciose,
reaching the snhut position about 13 seconds later. However when shut the valve still
passes a small amount of steam. This leak rate varies from experimant lo
experimant. For L3-6 it was probably equivalent to about 0.5% of the total flow area
(quite a lot), and for L3-5 it was about half this.

This valve is also used 1o relieve tne pressure bu'ldup on the secondary side. It is
set to open as the pressure vises above 712 bar and to close when the pressure
drops below 64 bar. In L3-6 the pressure never guite reaches this set point, partly
because of the continual leak, but noise in the measurement systom did cause the
valve to open around 88 seconds into the transient. This dropped tha pressure and
when the lower limit was reached, the valve closed. For L3-5 the valve opened also,
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Fig. 9. Typical ball valve characteristics

Taking a= an example the unspecified opening of the steam valve at 88 seconds in the
L3-6 transient, the LOFT data shows that the vdlve opens to 15% position before
closing. For a linear response this would correspond to 15% open area, but with the
assumption of ball vaive like opaning it becomes only 8% open. This in turn affects
the secondary side prassure dip seen in the transient.

These effccts are signifivant, but are related to unknown valve characteristics
Therefore there remains an uncertainty in the input data which will affect the
predicted secondary side response. It (s possible to adjust the valve position versus
area table to give a ‘best fit' to the observed secondary side response, but it must
be remembered that this may tend to .nask other effects which are perhaps not
correctly modelled,

In the RELAP calculation thn valve position versus are: able was left as a linear
relation, and the resulting slight over-prediction of the secondary side pressure rise
can be iMerpreted as a consequance of this,

A jeak of 0.5% for L3-6 and 0.25% 10r L3-5 was included when the valve was .hut,
but the experimentally spurious opening at 88 seconds was speclfied a. a given
timed setpoint. This was necessary because (o the experiment the valve control logie
incorrectly triggered on noise, an ever! which can not be expected to be predicted
by the Torrectly modelled control logic. By explicitly specilying the time of triggering
of the valve setpoint the effect of the repid secondary side depressurization on the
primary sida can be seen claarly. However the valve response after this setpoint
I 8 is modelled using the correci valve response times and characteristics.

<18 -
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3.4 Initial Conditions

Both coiylations were begun with a nul. v asient. This serves (o cnack the stability
of the inzial conditions, and 1o allow direct comparison with the experimentally
measured values,

The initial conditions reached after 200 seconds of the null transient were steady for
ali the major parameters. For all except the steam mass flow the agreemant with the
sxperimental values was vary close, being within the experimental uncertainty
Reproducing these here would cunvey /12 the conditions are fully tabulated in
Bayess and Carganter 1981 and Dan and Capenter 1080, and . @ agreement can be
secn in the comparison plots presenied in section 4. it is mare constructive to
cracentrate on the 'Hl maiched parameter, the steam flow,

The control system in the RELAP deck was designed to automatically converge
several of the major but ndependent parameters. The pr.maty pressure was fixed
with a time dependent /olume on the pressurizer. The pump speed was adjusted to
give the moasursd loop mass flow. The core power was fixed, On the secondary side
the pressure was controlled via the opening of the main steam co’trol valve and the
auxiliary feed maintained the water level A correct match for these parameters is
therafore “butlt«in’,

This means the dependenrt parameters a7 e the hot and celd leg temperatures and the
steam mass flow. The cold leg temperature is fixed by the secondiry side pressure
plus tha heat transfer. The hot leg temperature is fixed by the core power input and
the mass flow and the steam flow is fixed by the heat input of the core transfered from
the primary side via the ‘U’ tubes.

Witk this arrangement the RELAP calculation produced good hot and cold leg
temperatures bui oo much steam flow, about 3 kg/sec more than the measured 28
kg/sec by the end ol the nuli t ...sient, Thig is 10% of the total energy removal, or
around 5 MW, Environmental ivs. 18 of 0.2 MW and pump energy inp.t of some 0.4
MW maximum cannot significantly affect this size of imbalance.

By performing an energy balance we find that with 50 MW of input power (assuming
no environmental heat lossas for the moment) and a pressure of 55.7 bar this steam
flow corrasponds to an Initial liquid temparature very close to saturation,

What this appears to mean is that in the calculation the main [.<J, entering the
system at around 224 centigrade, has not yet brought the s*eam generator secondary
side to its equilibrium proportions of saturated and subcooled liquid. While this could
be corrected by running the null transis it longer, or by better initiatization of the
subcooling whan starting the calculation, it was considered of Ii*tle significance for
these tests

Uverall then the primary and secondary pressures, fluws, temperatures and levels
were adequately matched.

3.5 Experience with Running the Code During the Transient

Generally there were no problems \» running the code for both transients, in as much
as the calculation preceeded without encountering numerical failures.

The code calculated at about reai time speed for the L3-5 transient but ran much
s'ower with the pumps on in the L3-8 transient, giving about three times slower
running overall. This leads to a generally applicable comment on the time step
control in the code.
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