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- The feedwater flow and terperatures :
- Scram reactivity ve time |
- The suxiliary feedwater flow a-d

terperature vs time
- Decay heat
- High head safety injection flow vs time

The pressurizer control system was modeled in
detail and sc was the trip logic for the scram,

The result of the simulation revealed the impore-
tance of proper modeling of steam generator
internals especially in the expected two-phase
region a6 well as the modeling of pressurizer
walls and spray nozzle in order to reascnably
predict the condensation phenomena. It was also
found that sdequate reproduction of the core
initial stored energy was essen*ial for the after
scram short-term prediction, Accurate modeling
¢f valves' characterigtics and operation sequen=~
ces was of major concern as was a faithful repro-
duction of control system behaviour. Proper
modelling of the signal processing devices in
the plant was alsc fournd to be important.

From the run statistics it was found that a €0 3
transient used 305 timesteps ranging from 0,01
to 1.1 8. This required 3 353 CPU~seconds on a
CDC Cyber 180-835 computer, For running 300 s
including two restarts 5 379 CPl-geconds were
used for 465 timesteps.

It was observed that when using large timesteps
the control blocks experienced severe oscilla~
tions, especially those with short time constants.
A feedback on the timestep size with raspect to
control system performance and design is desi-
rable.
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H Introduction

The Irterrational Thermal-Hydraulic Code Assess-
rent and Applicavtion Program (ICAP) is beirg
conducted by several courtries and cocrdirated

by the USNRC. The goal of ICAF is to make guantis
tative staterents regarding the accuracy of the
current state~of-thesart thermal=hydraulic com-
puter programs develcoped under the auspices of
the USNRC,

fweden's contributicn to ICAP relates both to
TRAC-PWR (Ref 1) and RELAPE (Ref ). The assess~
ment calculations of TRAC have earlier beer
carried out as & _oint effort between the Swedish
Etate - ‘card (SEPE) and Studsvik AR whereas
the RELaFY calculations have been conducted by
Studevik for the Swedish Nuclear Power Inspecto-
rate (SKI).

Quite recently a Swedish group wae formed for
coordination of fwedish efforts within ICAP.
This group has represertatives from ESPE, SKI
and Studsvik and has enpharized the importance

of using plant transierts for assessment purposes.

Aceordingly the Swedish future efforts will basi-
cally concentrate on analyzing plant transients
with the TRAC~FF] code, The rssessrent matrix is
shown in Table 1.

Iskie )

ICAP Assessment Matrisx = Sweden

Code Facility Type Description

TRAC-PFI Ringhals 4 Integral, Full lcad rejecticn
full scale

TRACPF] Ringhals 2 Integrel, Inadvertent steam

full scale line isclation
valve clusure in
one lonp

TRAC=PFL Ringhals & Integral, Symmetric loss of
full scale feedvater

TRAC~PF1 SPEC integral, Symmetric loss of
small scele feedwater

T S
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The Ringhals I power plant is located on the
Swedish west coast and i§ one of four piants on
the same site. All the plants are operated by
the SEPB. Finghals 7 is a three~loop, two turbire
FWFE of Westinghouse Stal-lavel design with ASEA
electrical generators, The nominal thermal power
48 T 440 MW and the electrical net cutput is

BOC MW, Ringhals 2 is egquippe? 'ith three
Westinghouse steam generators (model &1) of the
vertical Ustube desigrn without any feedwater
Frefeater section, The feedwater is fed directly
to a distributer device located in the top

secticn of the downcomer.

Because of problems with the U~tubes in the steanm
generators about 11.6 % of the tubes have been
plugged. Consequently, the core power has been
iowered to about R0 § of nominal and primary
temperatures have been decreased accordingly.

The transient was initiated by an interruption

of power to the electrical coil in the magretic
pilot valve of the steam lire isolation valve in
lcop 3. The isolation valve closed and the steam
flow decreased by one third quite rapidly. This
resulted in a rapid pressure decrease in the two
cther steam lines and a corresponding steam {low
increase. The steam flow in loops 1 and 2 rapidly
increased to the trip setpoint feor high steam
line flow and thus one condition of two for initie
atior of safety injection (§I) was obtained., The
other condition was low steam pressure., The actual
prassure never reached the low steam pressure
setpoint; however, the control signal has a lead-
lag compensation with a proncunced lead influence
and this sic-al was passed the setpoint value
very soon inue the transient. Thus, the condition
of high steam flovw nlong with low steam pressure
was obtained which, according to the logic of

the plant safety lyltom, corresponds to an indi-
cation of a steam line break downstream of the
isolation valves. This resluted in a closure
signal for the two intact steam line isolation
valves, activation of §I, isoclation of main feed-
water, scram signal generation, and termination
of letdown and charging flows, The auxiliary
feedwater flow was automatically activated,

Because of the isolation of the steam generators
the circulation flow on the secondary side ceased
and a stagnant condition occurred. The steanm
generators downcomer level guickly decreased.

| The core decay heat and the stored energy in the
[ structures on the primary side caused the secon~
| dary side pressure to slowly increase,

|
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On the primary side the pressuriter epray keps
the primary pressure within specified linit !
during the first part of the transient. However,
due tC 8 continved Pleflow the pressurizer leve)
increased continucusrly and &t about 18 minutes
' after scram the pressurizer was filled with watey
' and a rapid presgure i(ncrease cccurred, This
caused some blow off to the pressurizer relief
i tank but the rupture disks on this tank remained
| intact.

The secondary side pressure continued to incCrease;
8t about 40 mirutes after scram it reached the
setpoint for the first safety valve. The relief :
valves' setpoint had earlier been increased some~
what in order to prevent excess activity release,
It could not be established whether these valves
were activated. At about one hour after scram
the steam line isclation valves were opened and
the pressure was decreased,

The faulty equiprent was replaced and after about :
20 hours from scram the reactor wag critical and

after another 12 hours the 80 VA power level was

resumed,

Throughout the transient important plant signals
were monitored and stored on the plant computer.
Unfortunately the plant signal fellower, which
records the time seguence of trips and control
signals, was not functioning properly and thus
no true sequence of events could be established.
Instead, important parameters needed for simu-
lation of the transient, such as closing time
' for steam line isclation valve and the time
ints when they started to close, had to be
nferred from timeplots of relevant signals.

—————
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The reactor core, dergted by component 60, was
divided into five vertical cells. The core wag
split intc ar sverage core and & hot rod. The
axial heat flux shape and hot rod peaking fartors
were derived f{rott incore measurements. The axial
shape was preserved during the transient, lefault
point kiretics together with reactivity feedhack
were used to simulate the neutronic response of
the fuel during the transient. The decay heat

was calculated according to ANEI $.1.

The pressurizer was modeled according to recim-
mendaticns given in the TRAC User's Guide (Fef J).

The bottom of the pressurizer was modeled by
using a pipe component divided into four cells
to assure proper draining and accurate presgure
loss computation (component 400). The length of
this component was specified to equal the lenyth
cf the electrical heaters and the heater power
was assumed to be deposited directly in the fluid,
The main body of the pressurizer was modeled as
a tee component number 410. Six celis were
considered reascrable to simulate the pressure
transients and level behaviour. The side tube at
«he very top of this component was used to model
connections to the pressure relief and safety
vaives. The top hemxsgherc of the pressurizer
was represented by a “prizer" component

number 47 One feature of this component was to
serve as pressure boundary condition during
the steady state calculations,

The spray flow was sin'leted by attaching a till
component to the uppe’r ead of the "prizer" ccmpos
nent. The corresponding junction flow area was
specified such that the liquid velucity was 4 m/s
at a spray flow rate of 19.4 kg/s. This will
aciivate the enhanced interfacial condengaticn
model in the "prizer" compunent and thus alloved
for adequate condensation of vapor when a reason~
able spray flow was maintained.

The pressurizer walls were simulated by heat
structures with four radial nodes. The heat
losses to the environment were chosen so that
they balanced the steady state heater power when
a specif.ed spray flow was maintained. The losses
were then about 178 kW,
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The downcomey was nodaliz+»d sC a8 to perriy ade- ;
gquate tracing of the level as well as correct |
placement of level pressure taps and the feed-
water inlet. Also pure gecmetrical considerations
like area colianges were included when the downs
cemer noding was set up.

The steam generator level measuremernt, represernted

by a differential prespure hetweer the indicated

downcomer pressure taps in Figure 1, was exgpli~ |
citly modeled in crder tc estimate dynamic contris -
butions from downcomer flow.

The feedwater header was represented by an arbi- 7
trarily sized tee component. However, as this }
component was extended in the horizontal plane :
the flow area was made rather small in order to ;
assure guite high flow velocities. This was done .
as a measure t¢ prevent expected difficulties at

low feed water flow when the downcomer level

resides below the feedwater inlet., Unrealistic

stratificaticr in the feedwater header can occur

under this co 14ion ard force the calculation

to proceed wich vurscessary small time steps.

The steanm li“es up to the header configuration
{compone ts 701 and T0l) were assumed to be com-
pletely symmetrical. Althcugh the steam lines in
the plant are somewhat asymmetrical this approach
was chosen in order to facilitate future appli-
cations of the model to other transients without
the need for rencdalization of the stzam lines,
The total volume and the average length of the
steam lines were retained,

The steam flow was measured by means of a diffe~
rential pressure between the steam dome pressure
tap and a tap in the relief and safety valve
header. In order to aveid disturbances from the
flow restrictor device located in steam dcome
outlet (junctions 501 and €01) the noding in the
very first part of the steam lines was made some-
what more dense than elsewhere, This is according
to recommendations in Ref 3,

Downstream the steam line header device the

steam flow was divided into two streams - one

for each turbine. The line for each turbine was
further split into twe flow paths - one contai-
ning the turbine valve and the other containing
the dump valve, Time deperdent characteristics

of these valves were given as boundary conditions.
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The characteristics and sizing of the relief and
safecy valves as well as the dump valver we ¢
aralyzed and set up prior to implemeny - or ir
the model. For the relie! and sifety v ves the
Si2ing wap accomplished by tuning the valve flow
area under choked flow conditions until the specis
fied capacity was cbtained, The turbine valves
were set up scomewhat differently. The choking
plane was assumed nct to ooour in the valve Jurce
tion but ir the pext downstream juncticn., This
wae judged to moze cleosely sirulete the real

cage where chokirg cocurs in the turbine rozeles
rather than in the turbine valves.

The secondary side of each stearm generator come
prised 9 components ("stgen® counts as one compos
nent) and 37 cells (fi1lls included) whereas the
complete steam line made up 26 comporents and

€9 cells (breaks included). Thus the complete
plant model comprised 96 components and 29% cells
where also the primary side of each steam gene~-
rator is included.

3.3 Control syster and trip logic modeling

In order to make the calculation fully dependent
on only the initial event, that is the closure
¢f the steam line isciation valve in the sirgle
loop (MEIV3 irn Figure 1), extensive use of the
TRAC=PF1/MOD] capability of modeling the control
and protecticn system was made. The following
systems were modeled:

- Pressurizer pressure control
- Steam line break protection logic which
subsegquently activated:
- Reactor trip
- Fuedwater isolation
- Startup of auxiliary feedwater,
motorpumps, turbinepumps
- Turbine tr.p
- Steam durmp deblocking and dump

valve opening

- Isolation of the double locp
steam generator

- HPSI
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The main feedwater control was not explicitly
medeled. Instead the measured feedwater flow was
given as a trip controlled tabulated boundary
condition where the tirme trip point was deter«
minded by reviewiny pertinent measured signrals,

The diagram c¢f the pressuriter pressure and lovel
centrol is shown in Figure 2, This system was
separately tested, I+ was focund during the calcu~
iations that vnphysical oscillations in the cuts
put of the Fl-contreller occurred regularly. By
replacing the Pl-contreoller by the equivalent

set of control blocks this problem was elimis
nated, Apparentli. due to the explicitness cf
the co, trol bleck numerics, the efficiency of
the coitrol system depends upon timestep size,
particularly if the rate of change of the vari-
able being controlled is large. A feedback on
the tirestep depending cn the performance of the
control blacks would have ~1lleviated the problem,

The steam line break protection logic is shown
in Figure 3. Kigh steam line flow ceoincident
with low steam line pressure in the double loop
will trigger the reactor trip, safety injection
etc, All the trips were affected by pure delays
simulating the time span between the time point
when the logic signal became true and the time
when the corresponding action started. All trips
were latched to avoid the return to initial trip
state during the course of the transient,

Tre auxiliary feedwater flow was obtained by the

fill components 962 and 964. The flow was directly

taken as the output from some control blocks

that were set up to account for the flows from
both the motor driven and turbine driven pumps,
The rate of change in flow as well as the asym-
metric flow distribution to the single and double
loop steam generator respectively was included,
The activation of the turbine driven pumps was
triggered by low level in single loop steam gene~
rator,

For the calculation a total of three passes
through the control parameters evaluation was
specified i order to advance signal variables,
control blocks and associated trips to corre-
sponding conditions at each time point,
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4 Etesdy state calculation

Prior t6 the trarsient sinmulation the TRAC mode,
was adjusted to replicate the plant staticrary
pre~test conditionsg, This was done by reans cf &
step-wige procedure whereby the major componerts
vere geparasely brought to a specified steady
state condition before ioining them together.

Initially the vessel assembly wae run and adiusted
to sttain the correct bypass flows and pressure
dter The absclute massflow was obtained fror @
heat balance at given core power (EC.7 § of nomi-
nal powe:) ard the pressure from plant data. The
next step was to add the primary piping and pres~
surizer with the hot leg and loop seal directly
ipined (no steam generators). The pressure drop
over the stearm generator primery side was intro~
duced as an additicnal form loss coefficient
between the hot leg and the cold leg. The core
power was deactivated and the ccld leg tempera-
ture was assured to preva.l throughout the primary
systerm. The pump speed was controlled to maintain
the target mass flow ard form loss coefficients
were adjusted to obtain the desired overall
primary side pressure drop and distribution,

The measured steam flows and corresponding feed-
water flows were found not to balanc. during the
pre-transient phase indicating that some of the
flows were miscalibrated, A heat balance for the
steam generator revealed that the steam flows
were somewhat erronecusly recorded, Thus, feor
the TRAC steady state the steam flows were
assumed to directly match the feedwater flows.

The steam lines were adjusted to attain specified
pressure drop distribution at specified steam
flows., Since the steam dome pressure w*s not
measured directly, it had to be inferred from
the measured steam line pressure and the manu-
facturer's stated pressure drop across the flow
restrictor located in the steam dorme outlet,

Once the dome pressure was known the steam gene-
rator steady state could be addressed.
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Key parameters in the steam generator steady
gtate adjustments were the primary inlet ard
cutlet temperatures, the steam genherator dome
pressure, the feedwater and steam flow, mass
distribution, circulation flow and downcomer
liquid level. In order to attain the primary to
secondary heat trarsfer the U-tubes heat transfer
area was incressed by 32.6 V after allowances
were made fcr current tube plugging (assumed
equal in all three steam generators). This
relative ircrease in heat transfer area was the
same as found in earlier steam generator analyses
at full power (Ref 4). Alsc the downcomer pressure
drop ccefficient governing the circulaticr was
reserved from what was found in Ref 4., The circu~
aticn thus obtained seemed to be in fairly good
agreement to what could be inferred from informa-
tion in Ref 5, The level in the downcomer was
attained by adjusting the liguid content in the
upper part of the downcomer.

The final step was to bring together the primary
and secondary side systems and run a steady state
for the complete model. This was run for

200 seconds with a maximum timestep of 1.0 second,
No special problems were encountered in this
calculation and the result from the steady state
analysis is found in Table 2. Relevant statistics
for the steady state calculations are:

CPU~time/preblem time = 0,066
CPU-time/cell and timestep = 2.4 ms
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¢ Dats comparison

The sirulation wés made using a sirgle ard a
double i0cp representation, the double locy beirg
a scaled~up representation of the single loop.
The measured thermal-hydraulic data were chtained
for each loop, thus ar averaging procedure had

to be applied in order to provide data for the
ouble locp. The averaged parareters for the
doukle locp were:

"

. Celd leg temperatures

- Hot leg temperatures

- Mags flows

- Seccrdary side pressures

- Steam flcws

- Feedwater flows and temperatures
- Stear generatcr levels

Turing steady state the averaging was applied to
all three loops to mako them apricri completely
symmetrical.

§.1 pundary conditicrs used in the simus
iation

The main heat source during the transient was

the core power and dc:a% hest. The default kinetic
parameters were used. The decay heat was simulated
according to the ANEl-curve assuming eguilibrium
conditions. The rod insertion following the
reactor trip signal was specified as a ramp with
1.8 5 duracion with a best estimate value for

the reactivity worth of the control rod banks

{p = ~0,0888).

The speed of the reactor coclant pumps wap assumed
to remain constant throughout the transient.

The HPSI flow was made dependent on the backs-
pressure according to plant design date, also
the rate ¢f change and temperature (300 K) were
considered,

The pressurizer control was fully modeled using
the rated values for the propertional and back=-up
heaters. The spray flow was taken from the double
loop cold leg and ranged from its trickle flow
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te its maximum rated value. For simplicity a
constant spray water temperature (552.8 K) was
assumed corresponding to the steady state coid
leg temperature. This temperature was cnly
slightly changed cduring the trensient thus Justi-
fyirg this assumption. The pressurizer heat
losses accounted for about 144 kW on the average
during the transient,

The feedwater flow was carefully modeled. The
main feedwater flow was tabulated from reccrded
data as a function of time and was introduced as
trip controlled tables in the fill components 961
and 963, The time functions are shown in Figure 4,
The auxiliary feedwater flow was provided by two
motordriven pumps and one turbinedriven pump.
From the motorpumps 50 % of the total flow was
delivered to the single locp steam generator
while the cther 50 % was fed to the double loop
steam gererator (asymmetric distribution). Once
the turbinedriven pump was activated its flow
was delivered equally to the three steam genera-
tors., Alsc the rate of change in flow was consi-
dered in order to simulate the acceleration of
the pumps. The auxiliary feedwater flow and
temperature were taken from previous plant test
data.

The steam line isclation valves' (components 502
and 602) characteristics (valve flow area vs
time) were alsc tabulated as a function of time.
A piecewise linear function was deduced from
steam flow and pressure measurements and is shown
in Figure 5. The closing time was ¢~rived in

Ref 6.

The characteristics of the turbine stop valves
sere assumed to be linear. The closing time was
specified to 0.4 s. During the first half cf
this time span the valves were assumed to remain
fully open while a linear closure was applied
for the latter 0.2 s.

The steam dump actuation was derived from the
steam dump demand signal which was converted
inte an estimated delayed flow area vs time
function., After the scram and closure of the
turbine valves the so-called trip mode of the
steam dump control system was activated thus
deblocking 50 % of the available dump capacity.
However, due to delayed response of the dump
control system only about half of this dump
capacity was used as is shown in Figure 6.
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b2 Fesults from the simulation

Because of problems ercourtered with the plant
gignel follower no real sequence of everts was
recorded and actual timing of trips etc had to
be irferred from the time plots of differert
sigrals. As the plotted signals were inherently
affected Ly processing delays and filtering as
well as (in some cases) low scarning frequency
there were coreiderable uncertainties in the so
decduced sequence cof events and a meaningful

corparison with the calculated one was immaterial.

For that reascn only the calculated sequence of
events is given in Tab'e 3.

After four seconds of steady state calculation

in transient mode the single locp steam line
isclation valve (component 602) started to close
according to a flow area vs time function deduced
from the actual plant recordings. Following its
closure the pressure in the single loop steam
line started to increase, Figure 7, and the steam
flow to decrease, Figure 8. The flow decrease
resulted in a rapid recduction of the main feed-
water flow (specified as a boundary condition),
Figure 4. Duye to this steam and feedwater flow
decrease the internal circulation was reduced
and the downcomer leve! experienced a substantial
reduction, Figure 9, as the level was palanced
out with the riser ligquid content,

The single loop steam generator pressure, level,
and flow behavicur were well reproduced in the
calculation, In order to account for the plant
gignal processing the TRAC calculated signals
were filtered by means of a first order lag
function with 0.5 8 time constant. The downcomer
level was calculated from the differential pres~
sure between the pressure tap cells. The algo-
rithm used for this purpese did not take into
account the steam contribution in the AP thus
somewhat overestimating the ligquid level as the
P decreased with a final steady error when AP
corresponded to vapor column ornly, Figure 9.

Figure 9 also shows the downr mer collapsed
liguid level with respect to the tube plate.

When this level decreased below the location for
the narrow range lower pressure tap at about

16 s there was still a continuous decrease .n

the narrow range level. This was caused by some
flow redistributions in the upper part of the
downcomer during the course to a zero circulation
condition which occurred when the collapsed level
had stabilized at about 22 8.
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Following the closure of the single loop ijgo-
laticn valve the sptearm flow in the double loog
stean line increased (measured as a different:
pressure between the steam dome and the safery
and relief valve Peader) and the steam pressure

decreased. Due to the increasred steam flow the

main feedwater flow increased, Figure 4, It wasg

chgerved that the calculated transient pressure

decrease in the double loop stear line pricr te

the resactar and turbine trip was slightly cvers-

estimated, Figure 10. Thieg is believed to be

caused by the omission of mest ¢f the structual

matérials in the secondary side of steam gene= L
rator model, The only structure included apart

from the tube burdle was the dome internals.

However, because of the vapor environment the

heat transfer from the dome internals during

this phase of the transient was very moderate

despite of the fairly big heat tranfer area.

Structures like the wrapper, tube support plates

etc located in a two-phase surrounding would

have contributed to the vaporization during the

pressure decrease and would thus have helped to

maintain the seccndary side pressure.

51

The pressure drop across the flow restrictor
located in the steam generator outlet was calcus
lated according to the TRAC automatic forme~loss
computaticon, From Figure 10 it seems that this
pressuve drop was guite high (about 0.15 MPa :
duriry steady state). However, due to the big
flov area difference between the steam dome and
steam line the major part of this pressure drop
wa s caused by the convective terms in the momen~
tum equation (recoverable losses) and only about
7 per cent was the head loss across the
restrictor. Also the convective terms were the
main reascn for the different pressure time
derivative Letween the dome and the steam line.
A more dense noding in the dome region might
have resvlited in & less pronounced pressure
decrease during the phase when the seam flow
accelerated.

The steam line break trip as implemented in the
nodel was triggered by concurrent high steam
line flow and low steam line pressure in the
double loop. The pressure signal was lead~lag
compensated with a predominant lead function. In
the real transient there was no i{ndication of
the moment the isolatien valve started to close.
Instead the moment at which the flow definitely
started to decrease was used as a reference point.
In doing so the trip condition was met after

3 seconds from this moment while in the TRAC
calculations it occurred after 3.1 seconds.
Scanning frequency and calculation timestep can
easily account for the difference.
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When the trip signal occurred the reacisr was
scrammed, Figure 1i, with & reativity irgserticr
¢ -8.88 per cent rarmped over 1.8 seconde, This
approximation was considered to have only mircr
irplicaticon for the calculation although it is
degirable to use the more realistic S-shape scrae
curve 1f possible. Usually the decay heat ard te¢
scme degree the inmportant delayed neutrons popus
latior Pecore the rost important heat source,
Care shuuld be taken in interpreting Figure 11

as once the reactor was scrammed the output from
the PRM=detectors was not his ly accurate, espe=
clally when realisirg that t .e basic heat source
then was from y~decay.

Simultanecusly with the reactor trip, the turbine
valves were closed thus stopping the steam flow,
Figure 12. As a corsequence the pressure quickly
built up in the steam line, Figure 10, At 10.73 s
the double loop steam line isclaticn valve star-
ted to cleose being fully closed 4.4 s later,
Acrording to the dump demand signal an activation
of partial durping was imposed between 11.76 and
33.7€ & into the transient, However, the cpen
durmp valves did not rellef the pressure in the
gteam generaters because the upstrean located
isclation valves were closed at this time,

From the flow measurement therv was no firm
evidence of the guick closure of the turbine
valves and the subseguent cpening of dump valves,
Figure 12, However, it is believed that these
details were hidden in the filtering process of
the measured flow signal. The smoother behavicur
¢f the measured flow may be due to the measuring
system havirg a larger lag than the 0.5 s value
used in the TRAC centrel systems' calculation of
steam line flow,

Following the reactor trip the average tempera=
ture on the primary side decreased, thus causing
a drop in the pressurizer level and pressure,
Figures 13 and 14. The simulation's exaggeraticn
of this drop may be due to overestimating primary
to secondary heat transfer and underestim © g
the stored energy in the fuel, The heat sinx
during the time period of interest was the dcuble
loop steam gereratcr., The heat transfer area was
scaled up by a factor of 1.32 in order to match
steady state performance. This scaling was the
same as used for 100 per cent power. As the
circulation on the secondary side decreased when
the downcomer and riser lsvels balanced,

Figure 15, a stagnant condition prevailed. At
such a zerc flow situation one would expect that
a smaller scaling of the heat transfer area would
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be more adequate. Thus a gradual charge cof the
scaling with respect to circulation flow would
prebably have produced a more realistic heat
transfer. Consequently a constant scaling factes
may have resuited in a overpredicting prirary ¢
secondary heat trarefer thus causing an urders

¥
N

precdiction cf the pressurizer level,

The TRAC baseline calculatior used a toc=high
value of gap conductance for the fuel rods. Ir
the sirmulation & value of 17 kKW/m“K was used,
Thus the available stored energy in the fuel was

urderestimated,

The TRAC calculatiocr was subsequently rerun yith
a modified gap conductance value of 6.5 kw/m“K,
The results from this simulation are indicated

in Figures 13 and 14 and were in better agreement
with measurement., With this lower gap conductance
more energy was stored within the fuel during
the steady state (the average fuel temperature
increased by about 100 X) which during the tran-
sient was transferied tc the coolant thereby
increasing the coolant average temperature. The
impact on the secondary side was very mincr
slthough a small improvement of the pressure
response was observed.

As a result of the steam line break signal *‘e
HPSI was (nitiated with a fixed delay of 2.> &
and a constant rate of change of 1.6/6 kg/s up
to the best estimate flow value depending on the
RCS back pressure, Figures 16 and 7. Throughout
the rest of the transient tne HPSI flow became
the most important contribution to the pressu=
rizer level and pressure increase. As observed
in Figure 13 the rate of level change is over=
predicted indicating an overestimation of the
HPSI flow.

The transient was also calculated up to 300 s in
order to investigate the code performance for

mild transients. In Figure 18 the pressurizer
level response is shown for these 300 s. From

this figure it is even more clear that the HPSI
flow was somewhat overpredicted, Also in Figure 18
is shown the pressurizer collapsed level revieling
¢ lower increase than the level from AP. The
explanation could be found in tr+y algorithm used
to obtain the level from the AP. It was set up

to model the plant measurement device with nco
explicit density (temperature) compensation,
During the pressurizer cutsurge period the den-
sity remained about constant, The ligquid volyme
reducticn in the pressurizer was about 4.8 m”, a
volume much bigger than the surge line volume.

M — —— E— B e
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Trhen during the later {(nsurge water from the hot
ieg entered the pressurizer., The hot leg tempersy-
ture wag now lower and . 'nseguently the assurje
tion of constant Jiguid density waas not fully
appropriate. It was also worth noticing that due
to the high subcocling of the insurge water no
vapor wae produced by the back~up heaters.

The long term plot of the pressurizer pressure
is given in Figure 19, Following the pressure
recovery tlie pressurizer control program ini-
tiated the spray at abzsut 13% 8, Figure 20, and
a8 a result there wag a stabilization of the
pressure which was favourably caleculated in
comparison to measurement.

5.3 Code performance

In this kind of fairl, mild transient no problem
with the thermal-~hydraulic calculation was
encountered, Instead the control system perfor-
mance became a source of difficulty.

Due tc the explicitnes: of the contrel system
processing it was clear that the centrol perfore
mance would be sensitive te the calculaticral
timestep, thus becoring the limiting factor for
the scundness of the simulation.

During the 300 & transient no limitation of the
timestep was imposed from the input and TRAC was
allcwed to use as big a timestep as the solution
method permitted. In this calculation the size

of the timestep ranged from 0.0]1 to 3.83 s. A
representation of the general behavicur of the
controllers i{s given by the pressurizer spray
flow in Figure 20. At about 200 s an instability
developed (time step size = 1.5 &), This was
later recovered because of the feedback of the
spray flow to the thermal hydraulics which caused
a reduction of the timestep. As expected, contiol
systems with smaller time constants were more
prone to unstable behaviour. One example is given
in Figure 21 showing the filtering of the pres-
surizer pressure in order to simulate the data
processing of the plant., In this case a first
order lag function with 0.5 s time constant was
used. All the filtering was later removed from
the 300 s calculation,
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Discrepancy C) was & result from the TRAC ircapa-
bility to repreoduce thermal mixing phencrers,
This caused a situstion with highly heterogenecus
liquid density distribution which disterted the
performance of the pressurizer model.

The faster tnan cbserved decrease ir secondary
pressure as mentioned under item d) was believed
toc be @ result of the omission of major heat
structures on the seccndary side especially in
the two-phase regicn, These would have contri-
buted to the vaporization during the depressuri-
zation phase thus reducing the depressurization
rate, Uncertainty remains on the impact of heat
transfer area scaling following a sudden power
change.

The observed earlier pressure increase was a
result of uncertainty in timing of the boundary
cenditions applied in order to reproduce the
trip sequence of turbine valves closure and
opening of the steam dump valves.

Item €) was caused by an oversimplified &P-algo~-
rithm ignoring the vapor contributicn in the &P,
The liguid level calculated from the AP was then
somewhat overestimated with a final steady error
when (P corresponded to a vapoer column only.

The code robustness was limited by the control
system performance. It was cbserved that the use
of large timesteps caused unstable operation of
several cortrol blocks, especially those with
short time constants., A built in limitation of
the timest.r size with respect to control system
performance and derign would be desirable. Pre-
sently one has to aveid if possible tc make use
of such control blocks that impose timestep limi~
tations.
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Figure 5. Isclation valve time characteristics
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Figure 6. Steam dump valve time characteristics
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Figure 7. Single loop steam line pressure.
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Figure 9. Single loop steam generator level.

SG LEVEL 3, WIDE RANGE (M)






STUDSVIX NUCLEAR STUDSVIK,NP-88/14

1988-02~17
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Figure 11, Core power.
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Figure 13. Pressurizer level.
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Figure 14, Pressurizer pressure.
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Figure 15. Double loop steam generator levels.



wm

TUDSVIK NUCLEAR STUDSVIK/NP-88 4 4
1988=02=17
ICAP. RINGHALS 2 STEAM=-LINE ISOLATION VALVE CLOSURE
LEGEND
0 = H=L HPSI
g_ 2 = H=L LPSI
“" s = C~L HPSI
+ = C=L LPSI
| x=C-LCVCS
& 4
2-\

300
3

AUX. FLOWS TO LOOP 142 (KG/S)

2-
-
B

ot

c.‘i o T g vl T vl | ERaE ot e ) (LR _'d‘
0.0 10.0 20.0 30.0 400 50.0 60.C

Time (s)

Figure 16. Double loop safety injection flow.
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ICAP. RINGHALS 2. STEAM=LINE ISOLATION VALVE CLOSURE
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Figure 17. Single loop safety injection flow.
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Figure 19. Pressurizer pressure, long term,
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