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the United States Nuclear Regulatory Commission and the Consejo De Seguridad
'

,

Nuclear of Spain in the field of reactor safety research and development,
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FOREW HD

This report represents ne 'f 'he assessPrnt'arplicatirn
calculaticns cubmitted in fulfilment af the t 1 :i '. " r a l -
agretrent for aceporaticn in thermalhydraulic m+iv tles
between the Crnsejo de Securidad !;uclear of Spain ' C F!J ) -snd
the United States !Juc le ar Re vul at e) Ccmminsion ( U S -!;RC ' in -

+he form of ?panish centr.bution to the Internaticnal C ;- d e

Assessr.ent and A; pli c at ic nr Program (ICAP) of the ' ' E -!1R C whace
main purpose is the ' :1111a t i r n ,f the TP.AC and M 1.AP c. y s t e m.

codes.

The Conse;o de Seguridad fiuclear has promoted a coordinated -
Sp anish fluc lear Industry effort ( I C AP- S P A l tJ ) aiming to - -

Tatisfy the requirements of this agreement and to improve the
quality of the technical nupport groups at the Spanish -
Utilities, Franish Research Establishmentn, Regulatory Staff
and Engineering Ccrpunles, for eafety purposes.

This 1 C AP-SPAI!4 nati cnal program includes agrecrents between
CS!i and each of the following organizations:

- Unidad Elsetrica ( UtiE S A )

- Uni 6n Iberoamerleana de "ecnoiog:a E16ctrica ( 'J I T E S A )

- E..,p re sa !Jac i cna l del Urania ( E!;US A )

- TECf4 ATOM

- LO FT - E S P A!l A

The program is executed by 12 working groups and a generic code -

review group and is coordinated by the "Ccmite de Coordinaci6n".
This committee has approved the distribution of this document -
for ICAP purposes.
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ICAP
ASSESSMENT OF TRAC-PP1/ MODI AGAINST AN INAPYiF- -

TLNT STEAM LINE ISOLATION VALVE CLOSUPE IN 7HE
RINGHALS 2 POWEF PLANT

.-

'

Ab s t r n_c_t

A steam line irolation valve closure tranrient "
in a three Icop Westinghouse PWR has been simu-
lated with the frozen version of TRAC PP1/ MODI .

corputer code. The results reveal the capability
of the code to quantitatively predict the diffe-
rent pertinent phenomena. Por accurate predic-
tions of the system response it was realized
that careful nodalization of the steam generator
dome region and outlet nozzle was required as
well as of the pressurizer walls and spray
nozzle. The amount of initially stored energy in
the fuel had an essential impact on the after
scram short-term prediction. Proper control
system behaviour was of major concern. Diffi-
culties in adequate control system operation
were encountered when large timestep sizes vere
used.

_ _ _ . _ _ .

* Consejo de Seguridad Nuclear (Spain)

Approved b
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ru ut.cc y u rg ry

A 7FAC-iT1, Kil c i r u '. a t i c t ieo herr, c- at.., ! .

asinsn the ca; ability of tre et de to ; rea; . 3
F t t 3r 14 Ee arOIatIOh Valve ' Iofute t I 3i ( ;e i t

Tr# renured data was (Ltair+d frer an inadve!-
t e r.t 5, tear lire :stintion valve cltsure at at t ut
FC Jor cer t [cher in the Finghals 2 ;twer [13 r t .
Parghals ? 1r a Wettingheuse TWP wit h three cc;s
and two turLires of f>tal-Laval design. The rcr:nal
Icser i s : 440 VW therral and 800 .% elect:ical.
It i t. ela11' Led with three Westinghouse stear
generaters of the $1 series withcut feedwater
freheat. Pecause of pretlems with the U-tica
alcut 11.( 1 of the tubes are plugged. Conse-
quently rcwer is r est ricted to 80 per cent of
rated powe;.

To11cwing the isolation valve closure in one
steam line a steam flow increase and pressure
decrease were experienced in the other two steam
lines. A closure signal for the two intact steam
lines isolatien valves was then initiated on
high stear line flow concurrent with Icw stear
pressure. This resulted in activation of safety
injecticri (SI), isolation of main feedwater as
well as initiation of auxiliary feedwater. A
serem signal for the reactor was obtained and
also isolaticn of letdcwn and charging. After a
few seconds the stear durp valves opened and
durping s t a r ted. The se valve s we re later closed
but prior to this time the effective steam
dumping was decreased because of the closure of
the isolatien valves.

In the TRAC-sitnulatien a two loops representaticn
~

was used so that the asyrretric behaviour between
the faulty loop And the two intact loops could
be treated. A neutron point kinetics was used to
model the core with reactivity feedback.

The complete model corprised 96 corponents
(295 cells).

The boundary conditions were either taken directly
from the recordings of the plant corputer or
were inferred from these. The following conditions
were used:

The flow area vs time for the steam-

line isolation valves

- The flow area vs time for the turbine
valves

The flow area vs time for the steam-

dump valves

NP.21 AH
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l
The feedwater flew and terperatures-

i> 'Scram reactivity vs time-

The auxiliary feedwater flow a.d--

terperature vs time

Decay heat !-

High head safety injection flow vs tire
.

-

The pressurizer control system was modeled in
detail and so was the trip logic for the scram.

The result of the simulation revealed the impor-
,

tance of proper modeling of steam generator -

internals especially in the expected two-phase
,

region as well as the modeling of pressurizer
walls and spray nozzle in order to reasonably
predict the condensation phenomena. It was also '

found that adequate reproduction of the core
initial stored energy was essential for the after
scram short-term prediction. Accurate modeling
of valves' characteristics 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 also found to be important.

From the run statistics it was found that a 60 3
transient used 305 timesteps ranging from 0,01
to 1.1 s. This required 3 353 CPU-seconds on a
CDC Cyber 180-835 ccmputer, for running 300 s

'

including two restarts 5 379 CPU-seconds were
used for 465 timesteps.

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

;

.
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1 Introductig I

The International Thermal-flydraulle Code Assess-
ment and Application Prcgram (ICAP) is teirg
conducted by several countries and coerdinated
by the USNPC. The geal of ICAP is to make quar.ti- ;

tative staten ents regarding the accuracy of t!.e
'

current state-of-the-art thermal-hydraulic cer- :

puter progratrs developed under the auspices cf
the USNPC.

Sweden's centributien to ICAP relates both to
TPAC-PWR (Fef 1) and PELAPS (Pef 2). Th e a s s e.: s s -
ment calculations of TPAC have earlier been
carried out as a ;oint effort between the Swedish
State ' teard ' (SSPB) and Studsvik AP whereas
the PELaP5 calculations have been conducted by .'Studsvik for the Swedish Nuclear Pcwer Inspecto-
rate (SKI).

Culte recently a Swedish group was formed for 1

coordination of Swedish efforts within ICAP.
This group has repretentatives free SSPB, SKI
and Studsvik and has erpharized the importance ,

of using plant transients for assessment purposes.
%ccordingly the Swedish future efforts will basi-
cally concentrate on analyzing plant transients
with the TRAC-PF1 code. The essessment matrix is
shown in Table 1.

Table 11

ICAP Assessment Matrix - Sweden

Code Facility Type Description

TRAC-PF1 Ringhals 4 Integral, Full load rejtetion
full scale

TRAC-PF1 Ringhals 2 Integral. Inadvertent-steam
full scale line isolation

valve closure in
one loep

TRAC-Pfl Ringhals 4 Integral, Symmetric loss of
full acale feedwater

TRAC-PF1 SPEC Integral. Symmetric loss of
small scale feedvater

4

| NP121 AH
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The SFanish contributien tc ICAP i s r a i r. l y f : c u a.d
en the investicatien of the applicability cf
state-of-the-art ecdes like TF.AC and FE!.1,r! in
the area ef transient analysis. The cor.en ch:ee-
tive r cf the fwedist and Spanish ICAP ergan::a-
ticns have resulte>d in the present analysis as a
:cint effert between the Consejo de Seguridt
t;uc le a r , Swedish !!uclear Tower Inspecterate,
Swedish State Pcwer Board and Studsvik.

In this report the results of an assessrent cf
TFAC-FFI/MCD1 against a stear line isolation
valve closure are presented. The ability of TPAC
to sirulate this transient is assess (d by cer-
parison to reasured data free an inadvertent
valve closure occurence at about 80 per cent
pcwer in the Ringhals 2 pcwer plant.

:

This report is organi:ed as follows: Section 2
describes briefly the Ringhals 2 pcwer plant and
the transient which originated from the steam
line isolation valve closure in one of the 1 cops.
In section 3 the TRAC ccdel used to simulate the
transient is described and section 4 1. a review
of the procedure used to obtain the specified
steady state. Secticn E presents the results
from the simulatien at well as perferrance of
the TRAC-code. Also scre run statistics are
given. Conclesjens are presented in section 6.

,

Np121 AH
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2 Plant and tras ient descrigt h
The Ringhals 2 pcwer plant ic located on the
Swedish west coast and is one of four plants en
the sare site. All the plants are operated by
the SSPB. Ringhals 2 is a three-loop, two turbine
FWR of Westingheuse Stal-Lavel design with ASEA
electrical generators. The neminal therral ptwer
is 2 440 MW and the electrical net output is
600 MW. Ringhals 2 is equipped .'ith three
Westinghouse steam generatore imodel 51) cf the
vertical U-tube design without any feedwater
preheater section. The feedwater is fed directly
to a distributer device located in the tcp
section of the downcomer.

Because of problems with the U-tubes in the steam I
generators about 11.6 % of the tubes have been
plugged. Consequently, the core power has been
lowered to about 80 % of nominal and primary
temperatures have been decreased accordingly.

The transient was initiated by an interruption
of power to the electrical coil in the magnetic
pilot valve of the steam line isolation valve in
loop 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
other steam lines and a corresponding steam flow
increase. The steam flow in loops 1 and 2 rapidly
increased to the trip setpoint for high steam
line-flow and thus one condition of two for initi-
ation of safety injection (SI) was obtained. The
other condition was icw steam pressure. The actual
prassure never reached the low steam pressure
setpoint; however, the control signal has a lead-
lag compensation with a pronounced lead influence
and-this sienal was passed the setpoint value
very soon into the transient. Thus, the condition
of high steam flou along with low steam pressure
was obtained which, according to the logic of
the plant safety system, corresponds to an indi-i

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 SI, isolation 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 steam,

generators downcomer level quickly 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.

NP121 AH

. . - _ _ _ _ _ _ . _ _ _ _ _ _._ _ _ . _ _ _ _ _ _ . _ _ _ _ . . _ _ . _ _ _ _ _ _ _ ~ _



. - - . _ _ - - . .-- - _ - - . - _ _ _ - - - . - - _ - - _ - .

STUDSVIK NCCLEAP SitT5VIF / NP-9 8 /14 6

1988-02-17

On the primary side the pressuri:er spray kept,

the primary pressure within specified lar a tt !
'

during the first part of the transient. Hewever,
due to a continued SI-ficw the pressurizer level

'increased centinucurly and at about 10 minutes
after scram the pressuri:er was filled with water
and a rapid pressure increase occurred. This !e

caused sore blow off to the pressurizer relief '

tanh but the rupture disks on this tank rerainnd ,

intact. '

)

The secondary side pressure continued to increases ,

'
at about 40 rinutes 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.4

It could_not be established whether these valves
were activated. At about one hour after scram
the steam line isolation valves were opened and
the pressure was decreased.

The faulty equiprent was replaced and after about
20 hours from scram the reactor was critical and
-after another 12 hours the 80 t power level was
resumed. i

Throughout the transient important plant signals
were monitored and stored on the plant computer.
Unfortunately the plant signal follower, which
records the time sequence 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 isolation valve and the timec

points when they started to close, had to be,

inferred from timeplots of relevant signals.

,

t

k

NP121 AH

_ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ . _ _ _ , , _ _ . _ , . _ . _ . _ . , . _ . _ . _ _ . _ , _ . . _ - . - . - . _ , _.



_

o

ST'JDsV ! r NL c: T /,9 STtJ;rV FzNT-F8 14 -

19EB-C2-1-

3 Crde and redo; descrartien

The sirulatten cf tLe trans2ent was rade v:th
vers;0n 14.I cf the TFAC-f f; / MODI ccepu t er : de
(Tef 1) watt an a ddi ticu l update to pre.:de
prcper functicrirg of the restart capabi;;ty cf
the ccre ccrpcnent. Tre pregram was run en a Crc
Cyber 190-635 ccrputer under the NOS 2.5 crera-
ting syster with ne SCM and I.CM partit:cn of the
cercry. Instead be central procesce: prirary
rercry was used together with an exto:ded rercry
capability. TPAC was also locally rcd;fied to
allow writing of signal variables and control _

bleek output en a separate file for later plot-
ting with a separate prograr. Thus the EXCON and
TF.AP patgrars were not used for preducing the
graphics to this sirulation.

In the simulation a two loops representatien was
used as shewn in Tigure 1. This was necessary in
order to properly take into account the asynne- '

tric trantient behaviour of the loops. The faulty
loop 3 of the plant was represented by one loop

~
while the plants' loop: 1 and 2 were merged into
the other leep. Differences between Iceps 1 and
2 were censidered to produce effects of secondary
ordet during the transient. The level of detail
et the model is believed to be apptcpriate to
make it suitable for simulation of most opera-
tional transients and srall breaks. The intention
has been to create a general model suitable for
simulating most transients. Sore of the auxiliary
systems in the mcdel were never activated duregg
this transient.

3.1 Primary system nodalization

A nne-dimensional representation of the vessel
-as used with the following bypasses included,
rigure 1:

- upper plenum bypass (corponent 70)

- core and guide tubes bypass (ccmpo-
nent 50 side tube)

The whole vessel was corprised of seven compo-
nents with a total of 22 cells, A lumped para-
meter model and adiabatic walls (no heat losses
to the environment) were used for representing
the vessel structure and internals. In order to
avoid a dead end and thermal stratification in
the upper head the tee side of component 70 was
attached to the top cell. With this configuration
a fill component with roflow (component 80)
was connected to the s top of the upper head.

NP121 AH
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The reactor core, dercted by corponent 60, was
divided into five vertical cells. The ccre was
split into an average core and a hot rod. The
axial heat flux shape and hot red peaking facters
were derived frett inecre measurerents. The axial
shape was preserved during the transient. Cefault
point kireties together with reactivity feedback
were used to simulate the neutronic response cf
the fuel during the transient. The decay heat
was calculated according to ANSI 5.1.

The pressurir.er was modeled according to recer-
mendations given in the TRAC Ur.er'P Guide (Fef 3).

The bottom of the pressurizer was modeled by
using a pipe component divided into four cells
to assure proper draining and accurate pressure
loss computation (component 400). The length of
this component was specified to equal the length
of the electrical heaters and the heater power
was assur.ed to be deposited directly in the fluid.
The main body of the pressurizer was modeled as
a tee ecmponent nurber 410. Six cells were
considered reasonable to simulate the pressure
transients and level behaviour. The side tube at
the very top of this cceponent was used to model
connections to the pressure relief and safety
valves. The top hemisphere of the pressurizer
was represented by a " prizer" compenent
number 4T' One feature of this component was to
serve as pressure boundary condition during

*

the steady state calculations.

The spray flow was siwiltted by attaching a till
component to the uppe'. ead of the " prizer" ccapo-
nent. The corresponding junction flow area was
specified such that the liquid velocity was 4 m/s
at a spray flow-rate of 19.4 kg/s. This will
activate the enhanced interfacial condent.ation
model in the " prizer" component 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 specified spray flow-was maintained. The losses
were then about 178 kW.- -

.
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All the pressurl:er valves were sized, as sua.
gested in Eef 3, tc their rated capac;t;es ufder
chcked ficw conditions. The pressuriter pressure
control was redeled in detail and tested sepa-
rately befere irplerentation in the redels' ca -
trel sjeter. Althcugh the level contre! was
redeled it was bypassed fer this specific tren-
sient.

The piping of the FCS loops was represented by
pipe and tee corponents including a lumped para-
retet heat structure representation of the pipe
walls. No heat losses to the envirenrent were
assured. All relevant connections to auxiliary

~

and safety systers were included in order to
make the TRAC-model complete and applicable to a
variety of transients. For this transient only
the high pressure safety injection (HPSI) in the
cold legs was activated.

The "accum" component was used to redel the
accumulator. A check valve controlled by the
pressure difference separated the accumulator
component from the res+ of the primary syster.

The nodali:ation of the primary side (steam gene-
rator U-tubes excluded) comprised 52 cceponents
and 128 cells (fills and breaks included). The
primary side of each steam generator included
12 cells of which 10 were interacting with the
secondary side and the remaining two cells
represented the inlet and out] t plenum respec-
tively.

.

3.2 Secendary system nodali:ation

The steam generators were modeled f.n detail for
the purpose of generality. Eacn steam generator
was comprised of a number of compenents where
the "stgen" component (enclosed by dashed lines
in Figure 1) included the primary side of the
U-tube bundle and the secondary side riser and
separator parts. The steam separation was accom-
plished by means of tee corponents number 140
and 340. The original intention was to make use
of the carry-over and carry-under functions
included in the " sept" component (TRAC-separator
component). However, as these functions were not
fully known, especially for varying operational
conditions, it was decided to use the ideal
separator capability included in tee components.
Thus, complete water separation was assumed in
the upper junction of components 140 and 340
with water drainage to tne downcomer through the
tee component side pipe.

Np121 AH
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The dcwnecrer was nodalized so as to territ ade- 3

quate tracing of the level as well as ccrrect ;

, placement of level prevsure taps and the feed-
water inlet. Also pure gecretrical considerations
like area changes were included when the dcwn-

'

ccetr noding was set up.

The steam generator level reasurement, represented
by 4 differential pressure between the indicated
downecrer pressure tape in rigure 1, was expli- >

citly modeled in order te estimate dynamic contri- :

butions from downcomer flow.
:

The feedwater header was represented by an arbi-
,

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 quite high flow velocities, This was done
'

as a measure to prevent expected difficulties at
;

low feed water flew when the downcomer level
resides below the feedwater inlet. Unrealistic
stratificatice in the feedwater header can occur
under this cor Dtien and force the calculation
to proceed s:ch c..necessary small time steps.

4

The steam lines up to the header configuration
(components 701 and 702) 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 renodalization of the st2am lines.
The total volume and the average length of the
steam lines were retained.
The steam flow was measured by means of a dif fe-
rential pressure between the steam dome pressure
tap and a tap in the relief and safety valve
header. In order to avoid disturbances from the
flow restricter device located in steam deme
outlet (junctions 501 and 601) the noding in the
very first part of the steam lines was made some-
what more dense than elsewhere. This is accordinga

to recomn.endations 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 two flow paths - one contai-
ning the turbine valve and the other containing
the dump valve. Time dependent characteristics
of these valves were given as boundary conditions.

Np121 AH
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The characteristles and sizing of the relief and I

safety valver as well as the durp valves we <-
analyzed and set up prict to implerent en in *

the redel. Ter the relief and safety v ves the
si:ing was acccrplished by tuning the valve flew
area under eteked flew conditions until the spec 1-
fied capacity was cbtained. The turbine valves
were set up screwhat differently. The choking
piane was assured net to occur in the valve ;une-
tion but in the next dcwnstream Juncticn. This
was judged to more closely simulate the real
case where choking eccurs in the turbine nc:zles

<

rather than in the turbine valves.

The secondary side of each steam generator com-
prised 9 cceponents ("stgen" counts as one ccepo-
nent) and 37 cells (fills included) whereas the r

complete steam line rade up 26 cceponents and
69 cells (breaka jncluded). Thus the corplete
plant model comprised 96 components and 295 cells
where also the primary side of each steam gene-
rator is included. ,

,

,

3.3 control syster_and trip _1_oS e redelinai

In order to make the calculation fully dependent
on only the initial event, that is the closure
of the steam line isciation valve in the single
loop (MSIV3.in rigure 1), extensive use of the
TRAC-PFI/MOC1 capability of modeling the control
and protection system was made. The following
systems were modeled:

pressurizer prtesure control-

5

Steam line break protection logie which-

subsequently activated:

Peactor trip-

Foedwater isolation-

'

Startup of auxiliary feedwater,-

mot orpumps , turbinepurps

Turbine trip-

.,

Steam dump deblocking and dump-
-

valve opening
,

Isolation of the double loop-

steam generator

11 PSI-
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The main feedwater control was net explicitly
modeled. Instead the measured feedwater ficw was

-

,

giten as a trip controlled tabulated boundary i

cendition where the tire trip point was deter- |
,
'

minded by reviewir.9 pertinent measured signals.

The diagram of the pressuri:er pressure and level
control is shown in Figure 2. This system was
separately tested. It was fcund during the caleu-
1ations that onphysical oscillations in the out-4

put of the PI-controller occurred regularly. By
replacing the PI-controller by the equivalent ;

set of control blocks this problem was elimi- '

nated. Apparently, due to the explicitness of
the cortrol block numerics, the efficiency of
the cor. trol system depends upon timestep size,
particularly if the rate of change of the vari--

able being controlled is large. A feedback on
the titcestep depending on the performance of the

'

control blocks would have elleviated the problem.

The steam line break protection logic is shewn
in Figure 3. High steam line flow coincident
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.

The 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

i specified in order to advance signal variables, t

control blocks and associated trips to corre-
sponding conditions.at each time point.

.

4

i
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4 Steady s t a t e c a l c u l.a.t.i on
- --

_

i Prior to the transient siculation the TEAC redel
was adjusted to replica'e the plant staticnaryi

pre-test eenditlens. This was done by reans c f a, 1step-wise precedure whereby the major corpenents
were separately brought to a specified steady
state ecndition before joining them together.

Initially the vessel asserbly was run and ad;usted i
.

to attain the correct bypass flows and pressure
dro; The absolute massflew was obtained frcr a
heat balance at given core power (80.7 % of nemi-
nal power) and the pressure from plant data. The
next step was to add the primary piping and pres-
surizer with the hot leg and Icop seal directly
joined (no steam generators). The pressure drop
over the steam generator primary side was intro-
duced as an additional form loss coefficient
between the het leg and the cold leg. The core
power was deactivated and the cold leg tempera-
ture was assumed to preva 1 throughout the prirary.

system. The pump speed was controlled to maintain
the target mass flow and form loss coefficients
were ad]usted to obtain the desired overall
primary side pressure drop and distribution.
The measured steam flcws and corresponding feed-
water flows were found not to balanco during the
pre-transient phase indicating that some of the
flows were miscalibrated. A heat balance for-the

isteam generator revealed that the steam flows
were somewhat erroneously recorded. Thus, for .'

'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 i

s

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 done outlet. >

Once the dome pressure was known the steam gene-
rator steady state could be addressed.

,

I

i

'
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. Key parameters in the steam generator steady
'

state adjustments were the primary inlet and
outlet temperatures, the steam generator dere
pressure, the feedwater and steam flow, mass
distribution, circulation flow and downecrer ;

liquid level. In order to attain the primary to4

secondary heat transfer the U-tubes heat transfer
area was increr. sed by 32.6 % after allowances
were made fer current tube plugging (assured
equal in all three steam generators). This
relative increase in heat-transfer area was the
same as found in earlier steam generator analyses
at full power (Ref 4). Also the downcomer pressure
drcp coefficient governing the circulatien was
preserved from what was found in Ref 4. The circu-

,

lation thus obtained seemed to be in fairly good
agreement to what could be inferred from informa-
tion in Ref S. The level in the downconer was
attained by adjusting the 11gvid content in the
upper part of the downconer.

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 / problem time = 0.066

CPU-time / cell and timestep = 2.4 ms

i

NP121 AH

.._ _ , _ _ _ _ _ _ _ _ . . _ . - _ . - - _ _ . _ - _ . . _ _ . _ _ . _ . _ _ - - _ _ _ _ _ . . . . .. _ . _ _ - ,-



..-_ _ _. . _ _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ . _ .

STUDSVIK NUC! EAR STUDSVIP/NP-EE/14 ;t

1988-02-1*

5 Data comparison
I

The sfrulation was made using a single and a
double loop representation, the double lecp de:ng r

a scaled-up representation of the single locp.;
> The reasured therral-hydraulic data were chtained

for each lotp, thur an averaging procedure had
to be applied in order to provide data fer the
deuble locp. The averaged parareters for the
dcuble loep were

Ccid leg terperaturer-
-4

Het leg terperatures-

Mass flows-

.

Secondary side pressures-
,

Steam flows-

Feedwater flows and terperatures-

Steam generater levels-

}uring steady state the averaging was applied to
all three loops to make them apriori completely

.,s yrre t r ica l .

5,1 Boundary conditions used_in the simu-
_lation

The main heat source during the transient was
the core power and decay beat. The default kinetic
parameters were used. The decay heat was simulated
according to the ANSI-curve assuring equilibrium
conditions. The rod insertion following the
reactor trip signal was specified as a ramp with
1.8 s duration with a best estimate value for
the reactivity worth of the control rod banks '

(p = -0.0888).

The speed of the reactor coolant purps was assumed
to remain constant throughout the transient.

The HPSI flow was made dependent on the back-
pressure according to plant design data, also
the rate cf change and ter.perature (300 K) were
considered.

| The pressurizer control was fully modeled using
i the rated values for-the proportional and back-up
L heaters. The spray flow was taken from the double

loop cold leg and ranged from its trickle flow

NP121 AH
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to its maximum rated value. For sirplicity a
ecnstant spray water terperature ($52.8 K) was
assumed corresponding to the steady state cold
leg temperature. This terperature was only
slightly char.ged during the transient thus Justi-
fying this assumption. The pressurizer heat
losses accounted fer about 244 kW on the average
during the transient.

The feedwater flow was carefully rodeled. The
main feedwater flow was tabulated frem recorded
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 rigure 4.
The auxiliary feedwater flow was provided by two
motordriven pumps and one turbinedriven pump.
From the motorpurps 50 % of the total flow was
delivered to the single loop steam generator
while the other 50 % was fed to the double loop
steam generator (asymmetric distribution). Once
the turbinedriven purp was activated its flow
was delivered equally to the three steam genera-
tors. Also 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 isolation valves' (components 502
and 602) characteristics (valve flow area vs
time) were also 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 derived in
Ref 6.

The characteristics of the turbine stop valves
were assumed to be linear. The closing time was
specified to 0.4 s. During the first half of
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
into 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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5.2 Fesults freygtpf,simu Rtion

Pecause of problers encountered with the plant
signal follower no real sequence of events was

! recorded and actual tiring cf trips etc had tc
Le ir.ferred from the time plots of different
signals. As the plotted signals were inherently,

affected by processing delays and filtering as
well as (in rcre cases) low scanning frequency
there were considerable uncertainties in the so
deduced sequence of events and a reaningful
corparison with the calculated one was ir.raterial.
For that reason only the calculated sequence of
events is given in Tab'.e 3.

After four seconds of steady state calculation
in transient mode the single loop steam line
isolation valve (corponent 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, rigure 7, and the steam
flow to decrease, Tigure 8. The flow decrease
resulted in a rapid reduction of the main feed-
water flew (specified as a boundary cendition),
rigure 4. Due to this steam and feedwater flow
decrease the internal circulatien was reduced
and the downcorer level experienced a substantial
reduction, Figure 9, as the level was calanced
out with the riser liquid content.

The single loop steam generator pressure, level,
and flow behaviour were well reproduced in the
calculation. In order to account for the plant .

signal processing the TRAC calculated signals
were filtered by means of a first order lag
function with 0.5 a time constant. The downcomer
level was calculated from the differential pres-
sure between the pressure tap cells. The algo-
rithm used for this purpose did not take into
account the steam contribution in the AP thus
somewhat overestimating the liquid level as the
P decreased with a final steady error when AP

corresponded to vapor column on.ly, Figure 9.

Figure 9 also shows the downr mer collapsed
liquid 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 an
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 s.

T
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To11cwing the closure of the single loep ise-
latien valve the steam flow in the double Icep
steam line increased (reasured as a differential
pressure between the steam deme and the safety
and relief valve header) and the steam pressure
decraased. Due to the increased steam flew the
main feedwater ficw increased, Tigure 4. It was
ebserved that the calculated transient pressure
decrease in the dcuble loop steam line pract to
the reactor and turbine trip was slightly over- '

estimated, Tigure 10. This is believed to be
caused by the omission of most of the structual
materials in the secondary side of steam gene-
rator model. The only structure included apart
from the tube bundle was the dome internals.
However, because of the vapor environrent 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 secondary side pressure.

The pressure drop across the flow restrictor i
located in the steam generator outlet was calcu-
lated according to the TRAC automatic form-loss
corputation. From Figure 10 it seems that this
pressute drop was quite high (about 0.15 MPa *

'

durirg steady state). However, due to the big
flov area difference between the steam dome and
steam line the major part of this pressure drop
was 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 reason for the different pressure time
derivative between the dome and the steam line.
A more dense noding in the dome region might
have resulted in a less pronounced pressure
decrease during the phase when the r*eam flow
accelerated.

The steam line break trip as implemented in the
a.odel 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 indication of
the moment the isolation 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 reactor was
scrarred, Tigure 11, with a reactivity :nsert:en
of -8.86 per cent rarped ever 1.8 seconds. This
approxiration was considered to have cnly riner
irplication for the calculation althcugh it :s

,| desirable to use the rore realistic S-shape scram
curve if possible. Usually the decay heat and to
sene degree the :rpertant delayed neutrens pcpu-

,

latien teccre the rest frportant heat source. I

Care sh6uld be taken in interpreting Figure 11
as once the reactor was scrarred the cutput frer
the FEE-detectors was not hi*, ly accurate, espe-
cially when realicing that t.e basic heat source
then was fren 3-decay.

Simultanecusly with the reactor trip, the turbine
valves were closed thus stepping the steam flow,
Tigure 12. As a censequence the pressure quickly
built up in the steam line, Tigure 10. At 10.73 s
the double loop steam line isolation valve star-
ted to close being fully closed 4.4 s later.
According to the durp demand signal an activation
of partial durping was imposed between 11.76 and ,

! 33.76 s into the transient. However, the cpen
durp valves did not relief the pressure in the
steam genersters because the upstream located

; isolation valves were closed at this time.

Frem the flow neasurerent there was no firm
evidence of the quick closure of the turbine
valves and the subsequent cpening of durp valves,
Tigure 12. !iowever, it is believed that these
details were hidden in the filtering process of

! the reasured ficw signal. The smoother behaviour
of the measured flow may be due to the reasuring
system having a larger lag than the 0.5 s value
used in the TRAC control 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,
Tigures 13 and 14. The simulation's exaggeration,

'
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 j
during the time period of interest was the double
loop steam generater. 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 levels balanced,,

j Tigure 15, a stagnant condition prevailed. At
such a zero 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 change of the
scaling with respect to circulation ficw weuld
prebably have produced a more realistic teat
transfer. Ccnsequently a constant scalln? facter ,

'

may have resulted in a overpredicting prirary te
secendary heat transfer thus causing an under-
prediction of the pressurizer level.

4

The TRAC baseline calculation used a too-high
value of gap conductance for the (tel rods. In
the simulation a value of 17 kW/m'K was used.
Thus the available stored energy in the fuel was
underestimated.

The TRAC calculatiet. was subsequently rerun ylth
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 K) which during the tran-
sient was transferred to the coolant thereby
increasing the coolant average temperature. The
impact on the secondary side was very miner
.1though a small improvement of the pressure
response was observed.

As a result of the steam line break signal *?e
HPSI was initiated with a fixed delay of 2.y 5and a constant rate of change of 1.626 kg/s up
to the best estimate flow value depending on the
PCS back pressure, rigures 16 and 17. Throughout
the rest of the transient the HPSI flow became
the most important contribution to the pressu-
rizer level and pressure increase. As observed

1

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 rigure 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 16
is shown the pressurizer collapsed level revieling
c lower increase than the level from AP. The
explanation could be found in thi algorithm used
to obtain the level from the AP. It was set up
to-model the plant measurement device with ne
explicit density (temperature) compensation.
During the pressurizer outsurge period the den-
sity remained about constant. The liquid volgmereduction in the pressurizer was about 4.8 m , a
volume much bigger than the surge line volume.
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Then during the later insurge water frcr the het
leg entered the pressurizer. The hot leg tempera-
ture was now lower and , snsequently the assurp-
tien of constant liquid densaty was not fully
appropriate. It was also worth noticing that due
to the high subcooling of the insurge water nc
vapor was produced by the back-up heaters.

The long term plot of the pressurizer pressure
is given in Figure 19. Following the pressure
recevery t!T pressurizer control program ini-
tiated the spray at abcut 125 s, Figure 20, and
as a result there was a stabilization of the
pressure which was favourably calculated in
comparison to measurement.

,

5.3 Cede performa,ng

In this kind of fair 1, mild transient no problem
with-the thermal-hydraulic calculation was
encountered. Instead the control system perfor-
mance became a source of difficulty.

Due to the explicitness of the control system
processing it was clear that the control perfor-
mance would be sensitive to the calculational
timestep, thus beco.71ng the limiting factor for
the scundness of the simulation.

During the 300 s 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 frcm 0.01 to 3.83 s. A ,

representation of the general behaviour of the
controllers is given by the pressurizer spray
flow in Figure 20. At about 200 s an instability
developed (time step size = 1.5 s). 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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It is apparent that unless a restrictive tirestep
is inposed prcblers with the centrol systers ray
arise. It is also desirable to irplerent an
interral liritaticn on the tirestep as functicn
of the perforrance of the control systers. Ancther
pessible approach is to allow for scre decree of
irplicitness by closing the therral-hydraulic
and control locps during the convergence calcu-
lations.

The first 60 s sirulation was executed without
any restarts. This 60 s required 304 tiresteps
ranging frcn 0.01 to 1.1 s withcut externally
irposed tirestep limitation. 3 353 CPU-s were -

,

needed - +'c CDC Cyber 170-E35. % e 300 s simu-
lation van cun with two restarts s..d made use of
465 tirecteps totally. The total CPU-time was
5 379 s. '

'
<

7

b
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6 Conclusicns

An assessrent o f TRAC-FFI /MC'D1 ver sion 14. C
against an inadvertent steam line isolaticn va;ve
cicsure in loep 3 of Fingha'.s 2 FWF pcwer plart *

was cenducted. Extensive use of results frcr
Einghals 2 data aquisitien syster was rade tc
derive the initial etnditions and alse scre of
the necessary boundary conditions.

The results fror the * TAC sirulation were cer-
Fared to reasured data. This ccrparasen revealed
scre discrepancies for irpcrtant plant parareters
of which the fellowing is a surrary: -

a) the pressurizer level and pressure
decrease folicwing the reactor scram
were too pronounced

b) the pressurizer level and pressure
increase rate following the HPS! injec-
tion were slightly overestimated

c) therral strat: fication of the pressu-
ri:er liquid during the insurge period
was everestinated; consequently, the
level prediction based on AP was
distorted

d) secondary side double loop (scaled up
reproduction of the single leop) pressure
showed a faster than observed decrease
prior to reactor scram and an earlier
pressure increase after scram

e) the steam generator liquid level calcu-
lated from a AP-algorithm revealed a
nonzero level although the collapsed
level was below the lower pressure tap
location

Discrepancy a) was explained in terms of over-
estimated primary to secondary heat transfer and
underprediction of core initial stored energy. A
more realistic value for the fuel gap conductance
helped considerably to alleviate the probleta.

Discrepancy b) was mostly due to the use of a
aest estimate value for the HPSI flow which was
slightly overestimated. A somewhat excessive
superheating of the vapor phase (N 2.1 K) could
account to some degree for the faster than
observed pressure increase. Excessive superheat
during insurge has also been reported in Ref 7
It is also worth noting that the pressure stabili-
sation because of the spray system was correctly
predicted. -

NP121 AH
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Discrepancy c) was a result from the TRAC incapa-
bility to reproduce thermal mixing phencrena.
This caused a situation with highly heterogeneous
liquid density distribution which distorted the
performance of the pressurizer model.

The faster than observed decrease in secondary
pressure as mentioned under item d) was believed
to be a result of the omission of ma]or heat
structures on the secondary side especially in
the two-phase region. 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
conditions applied in order to reproduce the
trip sequence of turbine valves closure and
opening of the steam dump valves,

i Item e) was caused by an oversimplified AP-algo-
-rithm ignoring the vapor contribution in the aP.
The liquid level calculated from the AP was then
somewhat overestimated with a final steady error
when AP corresponded to a vapor column only.

The code robustness was limited by the control
system performance. It was observed that the use
of large timesteps caused unstable operation of
several control blocks, especially those with
short time constants. A built in limitation-of
the timester size with respect to control system
performance and decign would be desirable. Pre-
sently one has to avoid if possible to make use;

of such control blocks that impose timestep limi-
tations.

I

i

NP121 AH

. . - .- . . _ _ , , -- . . . - - . . _ _ _ _ . . .- . - . - _ -



-. - _ . _ _ . . _ . _ _ _ _ . . _ ._ .~ ._ _ _ _ . _ . _ . __ _ _ . _ - - _ _ .

?)

STUDSVIK NUCLEAR- STUDSVIK/NP-8B/14 25 |

1988-02-17

References

1 TRAC-Pf1/ MODI. An Advanced Best-Estirate
Ccrputer Program for Pressurized Water
Peactor Thermal-Hydraulic Analysis.
NUREG/CF-3858. July 1986.

2 RELAP5/MCO2 Code Manual. V Fanser et al.
NUREG'CR-4312. August 1985.

3 TRAC User's Guide. B E Boyack et al.
NUREG/CR-4442. November 1985.

4 Analyses of Various Steam Generator
Designs for Ringhals 2 Power Plant.
Swedish Stata Power Board, Studsvik
Energiteknik AB, Festricted information,
1986.

5 Private information about the 51 series
steam generator. Swedish State Power
Board. 1982.

6 Report on the steam line isolation valve
closure occurrence. Swedirh State Power
Board PR-109/E6 (in Swedish) 1986-10-16.-

7 PETERSEN, A C
TRAC-PF1/ MOD 1 Independent Assessment:
NEPTUNUS Pressurizer Test 405.
NUREG/CR-3919. December 1984.

|

<-

|

L

"r121 AH

_ _ _ _ _-- . ~ - - _
_

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _



- - _ _ _ - - _ - _ _ _ _ _ - - - - _ _ - - . - - . - - - - _

ETUDSVIF t;tT LT A P f/, tr ;- V I V / NF- e E /14 :(
998-02-17

TABLE 2. RESULT OF STEAD' 3 TATE ANALYSIS

PRIMARY SIDE

PARAMETER MEASURED /SPECIFIED CALCULATED ,

CORE POWER (MW) 1962.6 (80.7 %) 1962.6

FLOW LOOP 1+2 (KG/S) 9239.96--

FLOW LOOP 3 (KG/S) -- 4617.81

RCP SPEED (RAD /S) 155.14--

RCP HEAD (MPA) 0.537--

T HOT LEG 1+2 (K) 579.40 579.69

T HOT LEG 3 (K) 579.40 579.69

T COLD LEG 1+2 (K) 552.80 553.03

T COLD LEG 3 (K) 552.80 553.03

DELTA-T (K) 26.6 26.79

PRZ PRESS. (MPA) 15.547 15.547
_

PRZ LEVEL (%) 34.55 34.06

_____ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ - - _ _ _ - - - - - - - - - - - - - - - - - - - -
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TABLE 2. RESULT OF STEADY-STATE ANALYSIS (CONT.)

SECONDARY SIDE

PARAMETER MEASURED /SPECIFIED CALCULATED

PRESS. SG 1+2 (MPA) 5.162
_

--

PRESS. SG 3 (MPA) -- 5.162

LEVEL SG 1+2 (%) 43,67 42.84

LEVEL SG 3 (%) 43.67 42.91

CR-RATIO 1+2 (-) -- 5.69
,

,

5.69CR-RATIO 3 (-) --

FW FLOW 1+2 (KG/S ) 680.0 680.0

FW FLOW 3 (KG/S) 340.0 340.0

FW TEMP. (K) 479.93 479.93

STEAM FLOW 1+2 (KG/S) 770.8 685.1

STEAM FLOW 3 (KG/S) 85.4 342.6
'

PRESS. STL 1+2 (MPA) 4.963 5.014

PRESS. STL 3 (MPA) 4.963 5.014

PRESS. HDR (MPA) 4.882 4.893

PRESS. HTV21 (MFA) -- 4.666

PRESS. HTV22 (MPA) -- 4.662

1

_ , - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ .
_ __ _ ____ ____________________ ______. _ _ _ _ _ _ - _ _ _ - _.



_ __-___ _

STUDSVIK NUCLEAR STUDSVIX/NP-8E/14 28

1988-02-17

Table 3

TRAC sequence of events.

Event Tire (si

Single iccp steam line isolation
valve starts to close 4.0

Valve fully closed 8.4

Steam line break signal activated 8.69

Turbine trip 9.03

Reactor trip 9.03

reedwater isolation trip 10.73

Activation of auxiliary feedwater
motor pumps 10.73

HPSI trip 10.73
,

' ? Double loop steam line isolation
kY valve starts to close 10.73

3 Pressurizer back-up heaters on 11.76

Steam dump valves start to open 11.76

Double loop steam line isolation
valve fully closed 15.13

Steam dump valves fully closed 33.76

NP121 AH
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IC AP. RiNGW ALS 2, STE AM- UNE 150L a TION V ALVE CLO5URE
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Figure 5. Isolation valve time characteristics
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(C A P. RINGHALS 2. STEAM-LINE ISOL ATION VALVE CLOSURE
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Figure 7. Single loop steam line pressure.
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IC AP. RINGHALS 2, STEAM-LINE ISOLATION VALVE CLOSURE
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ICAP. RINGHALS 2, STEAM-LINE ISOLATION VALVE CLOSURE

LEGEND
o = STL UNFILTERED

o o = STL FILTERED
*~ s = STL MEASURED

+ = DOME UNFILTERED

c
W- _

<

4

o
W-

._ ; -__ a

1@" _m
~

2
v

w
&
D
M -

y
m
CL

IN
+
- ,

#J
s c-
M

o. ,

vi ". r
.

c
4~

-

C
*

i i i i i i

O.0 10.0 20.0 30.0 40.0 50.0 60.0

Time (s)
Figure 10. Double loop steam line pressure.

____. _ - _ _ _ _ - - _ _ _ _ _ _ _ _ - _ - _ _ _



- _ - - . - .. . - _- - --.- --. . - ,

i

I

SEDSVIX NUCLEAR STUDSVIK/NP-B8/14 33

1988-02-17

ICAP. RINGHALS 2, STEAM-LINE ISOLATION VALVE CLOSURE
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IC A P. RINGHALS 2. STEAM-LINE 150L AT'ON V ALVE CLOSURE
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(C A P. RINGHALS 2, STEAM-LINE ISOLATION VALVE CLOSURE
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ICAP. RINGHALS 2. STE AM-LINE ISOL ATION VALVE CLOSURE
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IC A P. RINGHALS 2, STEAM-LINE ISOLATlON VALVE CLOSURE
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IC A P. RINGHALS 2. STE AM-LINE ISOLATION VALVE CLOSURE
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