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NOTICE

This report documents work performed under the sponsorship of the Consejo De
Seguridad Nuclear of Spain. The intormation in this report has been provided
to the USNRC under the terms of an information exchange agreement between the
United States and Spain (Technica) Exchange and Cooperation Agreement Between
the United States Nuclear Regulatory Commission and the Consejo De Seguridad
Nuclear of Spain in the field of reactor safety research and development.
November 1985). Spain has consented to the publication of this report as a
USNRC document in order that it may receive the widest possible circulation
among the reactor safety community. Neither the United States Government nor
Spain or any agency thereof, or any of their employees, makes any warranty,
expressed or implied, or assumes any legal liability of responsibility for
any third party's use, or the results of such use, or any information,
apparatus, product or process disclosed in this report, or represents that

its use by such third party would not infringe privately owned rights.
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ich this report reters falls within <the

e J

The woerxk 13
trapework <f the I[CAP/SPAIN Froject, the cbhbjlectives Dpeing snhose
reterred =5 in the ICAP Prosranm Litself. N parsiculny,
achiievement of the capucity reguired to apply calculation tools
supporting the guantitative analiysis o0f transients and cperation
procedures, as well as joint particlipation in the intsrnational
efforts aimea ¢t validate and experience using apprerriate

calculation <odes.

The work consists of reproducing an actual pressurizer spray
valve cpening transient (J0 minutes: that occurred at the Jose
Cabrera Nuclear Power Plant (Spain), Dy means of the TRAC-
PF1/MOD1 ceode, and is thus part ¢f an assessment type exercise.

Generally speaking, the match between the calculation results
and plant data was good, and the Jose Cabrera NPP model for
MRAC-PF1/MODL has shown itself to be adequate for simulation of
proionged plant transients, such as the case dealt with in this

study.
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EXECUTIVE SUMMARY

The wWOrx ocensists <©f UuUsing the TRAC-PF1/MOD]l code to
reproduce an actual transient that occurrea ar Jose Cabrara NPP
.4 J0th August, 1284, and is thus part of an assassment exercise

within the frameworx of tre LCAP Progran.

T

Q QO

The transient %¢ be simulated ~onsisted of the failure

o

close of the pressurizer spray valve (for approximately
ninutes ). This transient caused a gradual depressurizaticn of
the primary system, with energization of all pressurizZer heaters
and actuation of the reacter protection /stenm, The reactor
tripped on low pressure coincident with a safety injection
signal, althougn this latter systenm did not in fact actuate.

Jose Cabrera NPP is a commercial Westingnouse FWR owned Dy

UNION ELECTRICA-FENCSA, S.A (UEFSA). The plant wvwent ({irst
eritical in 1968, and was the first nuclear power plant to be

coupled to the Spanish grid.

The plant has a single loop, which .ncludes the primary
system cold leg, reactci vessel, hot leg, pressurizer, steam
generator tubes, crossover leg and main CoOl.at pump.

The nominal power of the reactor is 510 MWt, electric cutput
being 160 MWe.

The calculations were pertormed using the TRAC-PF1/MOD1 code,
varsion 12.7, on the CRAY X-MP vectorial computer belongina to

TECNATOM, S.A.

The model develcped for IRAC-PF1/MOD1 1is based on the one
used for RELAP5/MOD2, developed by UEFSA. The model was
completed through incorporation of the plant control systems.
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Senerally speaking, analysis cf the results obtained with the
TRAC-FF1/MOD1 modeli, and their comparison with plant data, shows
a gonc mateh, taking inco account the uncertainties inherent in
any actual =transient, in wnaich a large number o©f actions are
periormed manually.

“he .nmportance of the rressurizer in this transient nage i*
advisable to partially validate the sup-moael with respect %o
tests carried out at the NEPTUNUS and M.1.7. experinental
facilities.

From the run statistics it was found ¢that the 21500 s
transient made use of 16482 time steps requiring 5608 CPU-
seconds on a CRAY X-MP conmputer. 0DOuring the transient, ¢the
maximum time step was set to U.l s,
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L. INTRORUCTION

The +ork to which =his =eport refers falls within the
frameworx of the ICAP/SPAIN FProje.t, the objectives Ueing
those referred to in the ICAP Program itself specifically,
achievement of the capacity required <o apply calculation

| tools supportiag the guantitative analysis of transients,
operational procedures, @¢tc ..., and ‘oint participation in
the internaticnal efforts aimed to validate and experience
usinyg appropriate calculation codes.

The work consists 3f using the TRAC-PF1/MOD1l code to
reproduce an actual transient that oc¢ urred at Jose Caprera
NPP on J0th August., 1984, and is thus part of an assessment
exercise within the framework of the ICAP Program.

The transient to be simulated consisted on the fallure
te close of the pressurizer spray valve (for approximately 10
minutes). This transient caused a gradual depressurization
of the primary system, with energization of all pressurizer
heaters and actuation of the reactor protectiun system, The
reactor tripped on low pressure coincident with a satety
injection signal, althouagn this latter system did not in fact
actuate.

The report includes the fundamental nilestones attained
during each of the different stages of the work.

- ldentification of the main variables involved in the
| transient and its different stages.

| - Construction of a reference plant (Jose Cabrera NPP)

| model for TRAC-PFL/MODl, on <the basis of a gJgeneral
purpose model already existing tor the RELAPS/MODI code,
developed by UNICN ELECRICA-FENOSA (UEFSA).
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The transient nccourred at Jose Cabrera NFP (Figure 1!, a
commercial Westinghouse FPWR owned by UNICN ELECTRICA-FENOSA,
Fhe

S.A. The plant went £irst cratical in 1968, and was th
first nuclear powsr plant %o be coupled to the Spanish grid.

The plant as a single loop, which includes the primary
system cold leg, repctor vessel, hot .29, pressuriter, 5 2am
generator %tubes, crosscover leg and main coolant pump. The
Chemical and Volumen Contreol systen (CVCE) and Residual Heat
Removal 3ysten (RHRS) are also conrected TO tThls <coolant

locp.

The nominal power of the reactor .s S10 Mwt, electrical
~utput being 160 MWe. The reactor core nas 69 fuel elements
(14 X .4 array) with an active lenguh 2f 2.40 metnrs. Fuel
loaded ntoc the cure has an average degree of enrichment of

3,408 U~-2385.

The Etmergency Core Coolin: System (ECCS) connects
directly to the reactor vessel downcomer, and includes an
accutiulator, two intermediate head sarfety i1njection pumps
taking suction of borated water from the refuelling water
storage tank (RAST) and tvwo recirculation pumps and an

~ 1

ejector that take suction from tle containment sump during
the recirculaticn phase of a LOCA.

The secondary side inclucdes the usual balaice of plant
(BOP) components: two 50% feedwater pumps, mailn steam line,
safety and relief valves, mnain stean isolation valves,
surbine trip valves, main steam control valves, turbine,

condenser, heaters, etc.
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2.2 Transient Descripsion

The =ransient occurred at Jose <Caprera NPP on 10th

AuQust 1984, with the plant at 96% rated power. and consisted

i the preassurizer spray control valve sticking open.

Table 1 shows the plant seguence of events. During the
initial moments of the transient, the gradual
depressurization of the primary systiem causedq the pressurizer
pack-up heaters to energize, and the variable heaters to

deliver nmaximum power.

Between one and two minutes into the event, two load
reductions /(totalling 20 MWe) were pertormed, .n corder O
stop primary pressure aropping, ana controlled manual
operation of the second charging pump vag also 1initiated,
despite the fact that pressurizer level was not drepping
because of cold water entering via the spray and steam
condensing in the pressurizer.

Plant trip on low pressure occurrsd some 6.3 minutes
into the event, followed a few seconds later by a satfety

injection signail.

Following reacteor trip, switchover of the turbine bypass
from the temperature node to the pressure mnode considerably
reduced cooldown of the primary, slowing down
depressurization and momentarily stabilizing pressure.

shutdown of the main coolant pump (30 minutes into the
transient) Stopp~d primary depressurization interrupting the
flow of water 1nto the pressurizer via the spray system.
Pressure recovery was initiated via natural circulation
(approximately 30 minutes!, and the plant was taken to a
stable situation.






3.DESCRIPTION OF THE CODE INPUT MODEL

Tae wWork descriped nerein was carried out Using the
TRAC-FFL /MODl code., wversion 12.7, on a CRAY X-MP computer,
the operating system peing UNICOS. The grapaics results were
obtained via a program deve'ocped by TECNATOM and adapted to

TRAC for graphics applications.

As has been pointed out above, the mndel developea for
TRAC-PF1/MOD1 is based on the model for RELAPS5/MODZ (Figure
2), developed by UEFSA. Adaptation of the plant model from

the existing model was pertormed on the basis of <the
fellowing significant aspects:

- Nodalization was adapted to the modelling reguirements
of the transient 1n guestion; consequentliy, certain
compeonents which did not actuate during the transient
were eliminated, an example being the pressurizer satety
and relief valves. Table 2 shows the list of previously
existing general purpose nodel components Oor systems,
not included in the model for simulation of the selected

transient.

- A second aspect to be underlined 1s the .lncorporation
into the TRAC-FFl nodel of those control systems wnhich
were not simulated in the RELAPS/MOD2 nodalization, but
whish played an important role in the development of the
transient. Table 3 lists the control systens

incorporated in the model.

The nodalization used in TRAC-PFl i1s shown in Figures .
and 4, where the components referred to above have been

eliminated.

In t-e reactor vessei, the downcomer 1s divided into two
parts: upper and lower, both with their corresponding TEE






The hot leg of the primary systiem 1S modelled in four
cells (components 55 and €0). Ffrom this last component TEE)
the surge line oranches cff to the pressurizer, whiceh 1s 1in
turn divided into three parts, in order to correctly nodel
the locat)>n of the pressurizer spray and heaters. Component
81 includes the heaters, nodelled as a direct supply of
energy to the fluid requliated by the control system, and not
as a distribution of power <through the component wall.
Components TCE 32 and 85 include respectively the continuous
(steady state) and main (control system) sprays. The first
of these is modelled by a FILL (600), while the pressure
control spray system is represented by five cells (components
80 and 95), which incorporate the spray control valve (95).

The crossover leg (70), main coclant pump (75) and cold
leg (78 and 80) ccmprise a total of twelve cells. Component
87 models net input (makeup-letdown) from the chemical and
volume ~ontro) system. Makeup to the primary is accomplished
by means of a FILL (component 92), with flow regulated by the
pressurizer level contrecl systemn.

component 65 represents the steam gJenerator (component
STGEN), which on its primary sice includes the part
corresponding to the "U" tubes, formed by a PIPE with twelve
cells, two representative of the inlet and outlet chambers.
The secondary side of the steam generator is made up of five
sub-compeonents included in the steam generator module (65).
The area in which the secondary fluid comes intc contact with
the tubes (riser )) includes five nodes that cover up ¢to
wiere the moisture separators (2) begin. As TRAC-PF1l/MOD1,
version 12.7, does not include any specific separator
component, the effect of the ideal molsture separators 1is
achieved by way of appropriate values in the loss

coefficients.
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I'he remaining parts of the steam aenerator secondary
side nglude the following: moisture saparater cypass (32,
steam deme (8) and downcomer (3), giving a %total fourteen
nodes, with feeawater injection 1nto the 2zone corresponding

to the downconer.

The secondary systom at the ocutlet of the steanm
generator (main steam line) s divided 1into several parts:
the steam flow path to the turbine (240, Hounding conditicni,
represented by nineteen nodes grouped 1nto several components
(100, 165, 170, 175, 180, 185 and 1%0), and including the
main steam isolation and control valves (175 and 120) and the
turbine trip valve (185).

Steam consumption to the auxiliary feedwater turbine=-
driven pump following trip ¢of the motor-driven main feedwater
pumnps 1s represented by bPbounding condition 120, which is a
FILL with flow depending cn pressure.

The <two fundamental aspects of _.he turoine bLypass
system, from the point of view of nodal..ation, are modelled:
via the bypass to the condenser, ‘' ~lading the condenser
relief and isolation valves (ccmponents 225 and 225) and +via
the atmospheric steam dump valves (200 and 210), both legs
ending in the vclumes described by the appropriate bounding
conditions.

The heat structures incorporated 1n the nodel are as
follows: in the core, those corresponding to the fuel rods:;
in the steam generator, the primary side tube slabs, the
partition plate between the primary cooclant inlet and outlet
chambers and the structure corresponding to the tubesheet:
and in the pressuyrizer, in this case with an impeortant
influence on the transient, ¢ 'ternal losses from the
pressurizer vessel and operation of the neaters.
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As regards the core. the point Kinetics mcael is used,
in conjuiction with fuel temperature, Ioderator temperature
and density feeaback. The different neutron parameters are
Jose corresponaing to cycle 12, the situation existing in
the plant when the transient cccurred (20th August, 1984,

In summary. the Jose Cabrera NPF TRAC-PF1l/MOD1l model for
the transient simulated, which !s briefly descrir'd in this
section, includes a total of 46 components with 150 cells cor
contrel volumes, 7 of which are time-depenaent bounding
conditions, 145 junctions and 24 heat slabs.

It may be estimated that adaptation o¢f the model for
RELAPS /MOD2 to TRAC=PF1/MOD1l would mean an effor: of one man=
nonth, on the basis of the set of characteristics reterred to

above.

The model has been completed by including the plant
control systems listed in Table 3, along with the protecticon
system and the setpeints of the different variables causing
reactor trip; and an iaportant number o©of control variables
necessary for correct nedelling of the centrol systems and
safeguards actuations.

The complete control and protection systems include 180
control blocks and 65 trips.

Given the importance of adeguately simulating the
pressurizer Jr application to the transient chosen, separate
nodalization of this component was validated with respect to
characteristic transients, such as those simulatad by mneans
of the NEPTUNUS experimental facility, which represents a
pressurizer at a scale of 1/40 with respect to commercial
nodels, and of the smaller M.I.™ facility (Figures 25 and

26).
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variables: pressurizer prressure and lsvel, prim-ry gzystem
average temperature and flow and steam generator level.

Checking of the steady state obtaired using this nethod
1§ acconmplished by eliminating these s.nple control systeas,
the steady state thus being obtained once morc, Using this
last result, the different actual plant control systems are
introduced and a null transient calculaticn is carried out as
the definitive startin point for simulation of the
transient.

Figure 8 shows a schematic representation ot the

different stages menticned above, with the corresponding time
values.

The reascon for this last calculation being based on null
transient conditions instead ¢f a search for steady state is
the result of the way this last opticon is treated by the
code. For steady state, TRAC-PFl/MOD1 does not use the point
kinetics model; consegquently, it would not be possible to
observe the effects on nuclear power of the reactivity
asscciated with movement of the control rods.

The steady state results reflected .n Table 4 agree with
the input data cbtained from the plant, at 27% rated thermal
power.

Initially, the plan: was adjusted to exactly match the
100% power ceondition; subsequently, the 97% power condition
was cbtained, using the stabilizing systems, with ilmportant
savings in time and effors.



BOUNDARY CONDITIONS AND SENSITIVITY STUDIES

The poundary conditions {or the transient, which were

the subject of a special study, were as follows:

Mass spray flow: Continuous spray serves to naintal
thermal balance .1 the pressurizer under steady =ta
conditions with respect to losses across the walls o
the component and energy input from the heaters. Losses
to cutside the pressurizer were estimated at 15 Kw, and
the continuous spray flow rate used was 0.023 Kg/s
(steady state value), this falling to zerc on pump tri
In the code model, continuous spray was representea by a
FILL compenent (600) introducing the above-ment.ioned
flow into the pressurizer component TEE 382) via
junction 600.

Mass spray flow during the transient was represented by
instantaneous opening of tha corresponding valve
(component 95), the cwld leg intake nozzle (component
TEE 80) being modelled in detaill. Given the uncertainty
existing with respect to the mass [lOow across the valve,
an important point of reference for the transient was
the time measured in the plant for reactor trip on low
pressure (see plant table of events), In this respect,
a parametric catudy was performed of the flow rate
producing the above-mentioned effect, the value obtained
being 2.92 Kg/s. This value was cbtained by adjusting
loss coefficients in the spray line, and mainly at the
inlet to the pressurizer, where exact calculaticn of
this coefficisnt is not a simple matter.

The value obtained by this process (2.%2 Kg/s) is
significantly lower than that given 1n the reference
documentation (4.81 Kg/s): in this respect, the
efficiency of the spray system, related to the way in
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As regards the statistics relating o calculation,
figure 24 shows the total CPU time used. Evolution 1is nighly
uniform, with brief pericds of higher consumnption which
mainly coincide with insertion of operational conditions
during the actual transient.

The maxinmum time step used and maintained throughcut the
transient was 0.l seconds, the overall ratioc of CPU time to
real time being 1.60. This means that transients of this
type may be studied in a very short time period.
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Analvsis of tha rezuits obtiined using the TRAC-PFL/MCDI1
model and comparison of these results with plant dJata snow a
jenerally good match, as 18 sSnown py lmportant variables such
as primary pressure and average temperature. Extension of
this ceompariscon to include variables such as pressurizer
level, differential temperature between the primary legs and
secondary pressure has Dpeer egually pos. "ive, taking Iinto
account the uncertainties inherent in any actual transient in
which a large number of acticns are perrormed manually, with
a varying time scale as regargs duration of these actions and
where the results obtained are lacking in detail and have an
immediate influence <n development of the transient,
Generally speaking, the match has been good, and the Jose
Cabrera model for TRAC-PF1/MODlL has shown itself to pe
suitable for the simulaticn of long time plant transients,

such as that considered in this study.

Also, adaptation to TRAC-PF1/MOD1l of the general purpose
model aiready existing in relation to the plant for the
RELAPS /MOD2 code has been an important experience and an
extremely positive aspect as regards the erforts required and

the short-term results.

The importance of the pressurizer to thils translent nade
it advisable to partially validate the submodel with respect
to tests carried out at the NEPTUNUS and M.I.T. experimental

facilities.
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EVERT TIME (MIN.)
Spray valve opening 0.0
Total power of pressurizer heaters 0.0 1
Controlled load decreasing (20 MW) 1.0 - 2.0
Charging pump starting (Manualj 1.0 - 2.0
Primary low pressure reactor trip 6.5
Stean dung trom average temp. to sec.

pressure mode and manual control 255
Main coolant pump tripped 30 7
No spray mass flow

Hatural circulation

Py'mary pressure recovery

{To about 130 kg/cm2) 60.0

(*) Actuacion interval

CALCULATION [TBAC-PF1/MOD1)

60.0 (124.0 kg/cm”)

G2

TABLE 1.- CHRONOLOGY OF EVENTS FOR PLANT TRANSIENTS
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COMPONEN'T

RELAPS MODEL

——————

Accumulator and szafety
injection system.

Pressurizer relief and
safety valves,.

Secondary satety valves.

Water supply and steam
consumption of auxiliary
feedwater turbine driven
pump to S.G. atfter the
reactor trip.

Emergency feedwater to S.G. |

Volumes 600
and 630.

Volumes 314
to 338.

Volumes 3542
to 553,

VYolumes 448
449 and 461.

Volume 456,

valves 610

(8l
O

s 3}
w
o

TS 340, wvalves 316

563, valves 54

0

and 462, juncticns

juncticn 457,




RCS AVERAGE

- Average

- Control

- Controi

PRESSURIZER

- Spray

PRESSURIZER

- CVCs c¢

- Heaters

TEMPERATURE CONTROL SYSTEM

temperature program versus turbine

rods motion

bank reactivity

PRESSURE CONTROL SYSTEM

and heaters (back-up and proportional

LEVEL CONTROL. SYSTEM

harging and letdown flow rates

load

ones)

(steam mass

TABLE 3.- CONTROL SYSTEMS INCORPORATFD TC FRAC-PF1/MOD1 MODEL

flow)



4.- STEAM DUMP CONTROL SYSTEM

= Primary average temperature

= Steam pressure

.~ STEAM GENERATOR LEVEIL CONTROL. SYSTEM

-~ Manual control of feed water during almost

the reactor trip)

all the

transient

(cont.. )

{ yust

Al Cey




VARIABLE UNRITS JOSE CABRERA
MR N R Sy T WO
RCS average temperature (%) 292 .90

Pressurizer level (%) 62.30

Pressurizer pressure (MPa} 13.82

RCS flow rate (gpm) 75000.00

Reactor coolant punp speed {rpmj 990.00

Steam generator jpressure {Mpa) 4.5%

Steam generator circulation rate (~~) 1.96

Steam generator collapsed

liquid level {m) B.68

Steam flow rate (Kg/s) 257.00

Feedwater temperature (9C) 203.70

(*) 100%

FULL POWER

TRAC-PF1/MOD1

49% .50

292 .90

15282

75000.0€0

996,00

256.40

62

TABLE 4.- STEADY STATE RESULTS ({97% FULL POWER)
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ToE () B
9.0 - Spray vaive opening
6.5 ~  Presmrizer pack-up heatars on
£0,0-90.0 -  Load decreasing (2)
| 60,0-260.0 =  Mamual charging pump actuaticn (Table §)
| 497.6 = Lo pressurv reacter trip (123.57 X 10% Pa)
Stean dump by primary average temperature
, (bypass to condenser and relief valves)
4146 -  safety injecticn signal without actuation
(primary pressure < 117.11 x 10° Pa)
: §32.0+439.4~ Relief valves begin to Close
440.0 -  Steam dump changes to pressure node
(average temperatuve < 548 K) i
amial charging pump starting |
Feedvater to manual comtrol
! 748.0 -« Manual charging pump is stopped |
1800.0 - Main coolant puw tripped and begining of
the primary pressure recovery (96.1 x 10° Fa)
3100.0 -  Ed of the calculations! primary |

presure recovery (115.7x10% Pa)
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FIGURE 4. JOSE CABRERA PLANT NODALIZATION { TRAC -PF1/MOD 1}
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ASSESSMENT OF TRAC-PFI/MOD1 AGAINST AN INADVERTENT PRESSURIZER APRIL 1992

SUAY TOTAL OPENING TRANSIENT IN JOSE LRREFRA POWER PLANIT




