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FOREWORD

This report has been prepared by Hidroelectrica Espanola in the fra-
mework of the [CAP-UNESA Project.

The report represents one of the assessment calculations submitted
in fulfilment of the bilateral agreement for cooperation in thermal-
hydraulic activities between the (Consejo de Seguridad Nuclear of
Spatn (CSN) ang the United States Nucliear Regulatory Comission
(NRC), in the form of Spanish contribution to the International Code
Assessment and Applications Program (ICAP) of the US-NRC, whose main
purpose is the validation of the TRAC and RELAP system codes.

The Conse)o de Seguridad Nuclear has promoted a coordinated Spanish
Nuclear Industry effort (ICAP-SPAIN) aiming to satisfy the reguire-
ments of this agreement and to improve the quality of the technical
support groups at the Spanisn Ut1lities, Spanish Research Establish-
ments, Regulatory Staff and Engineering Companies, for Safety
purposes.

This [CAP-SPAIN national program includes agreements between CSN and
each of the following organizations:

.

Unigad Eléctrica (UNESA)

- Union [bercamericana de Tecnoiogia Electrica (UITESA)
Empresa Nacional del Uranic (ENUSA)

TECNATOM

LOFT-ESPANA

'

The program 1is executed by 12 working groups and & generic code
review group, and 1s coordinated by the "Comite de Coordinacion®.
This comitee nas arcveg the distrioution of this document for [CAP

purposes.
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The transient selected to be reproguced with TRAC-BFL was the “ONE
FW PUMP TRIP" start-up test, performed to verify the capability of
the plint to avold reactor trip by reducing power to & level
consistent w'th the capacity of the remaining coperating pump.

Simulation of this operational transient with TRAC-BF1 will asses
the performance of the code/model features related to dynamic level
tracking, core neutronic feedback, recirculation and jec pumps
performance in normal operating conditions, and cCheck Jodelis
generated for the control systems

A 150 seconds transient was run, this time including il the
important pnenomena occurring in the system.

Sensed leve)l was tne most critical plant variable to renroduce.
Consideration of the water level shift between regions inside and
outside the dryer skirt, due to pressure drop across the dryer, led
to a good simulation of level behaviour as sensed in the plant.

Other variables measured: FW, steam, recirculation and core flow, as
well as power and pressure we)* accurately reproduced by the code.
Some additional tuning of FW control system settings and steam 1ines
mode! would probably improve results for~ those variables that, in
the second portion of the transient, behave slightly different to
measurements (FW flow and dome pressure)

As & conclusion of this assessment a model of C.N. Cofrentes has
been developped for TRAC-BF1 that fairly reproduces operational
transient benaviour of the plant. A special purpose code was
generated to obtain reactivity coefficients, as requirea by
TRAC-BF1, from the 30D simulator. A complete validation of this
mode! wii)l reguire additional assessment with measurements from
other transients tnat activates other portions and features of the
code/mode |,
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2.~ PLANT DESCRIPTION

Cofrentes Nuclear Power Plant, Ownwed and operated by Hidroelectrica
Espanola S.A., nas a BWR/6 reactor (Mark [II containment), designed
by General Electric, with a rated thermal power of 2894 Mwt.

Located 50 Km from valencia (Spain), Cofrentes comercial operation
started in 1985 and is presently running its fith cycle.

Jesign features of the Nuclear Supply Steam System (NSSS) include
two loop recirculation system, driven by two centrifugal ~umps,
feeding a total of 20 jet pumps, with a flow control valve in each
loop. Feed-water is supplied by two turbine-driven pumps. Four
main steam lines supply the main turbine with the steam generated in
the reactor, each line equipped with {solation vaives (MSIV),
safety/rc ief valves (SRV) and turbine stop and control valves (TSv
and TCV). Six bypass valves blowdown steam to the condenser from a
common header connected to the four steam lines, with a nominal
capacity of 35% rated steam flow.

The core consists of 624 fuel eiements (8xB8) with an active length
of 150 in. and 145 control rods. (Core power {s monitored by 33
vertical strings, each holding 4 Local Power Range Moritars (LPRM),
arranged in & uniform pattern throughout the core. Four Average
Power Range Monitors (APRM) measure bulk power, each one averaging
24 LPRM signais.

NSSS instrumentation of interest for the transients analized in this
repcrt and related to the Control systems and Reactor Protection
System (RPS) are briefly described: Dp transducers are used to
measure flow in the recircuiation, steam and feedwater lines; water
lavel in the vessel downcomer is also measured by a Op transducer,
pressuwre signals are avaliable froum sensors located in the steam
dome and in the averaging manifold in steam lines at the entrance of
TSV's

2-1



During start-up tests a special program for collecting plant s., . Als
was carrieg out. Prior to each significant transient test, a set of
signals considered relevant for later analysis and simulation of the
transient was daefinea. The Emergency Response and I!nformation
System (ERIS) was wused as Data Adquisition System for sampling and
recoraing selected signals,
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NO metal struCtures were modeled as the time of interest in the
transients to be analizeg is reiatively small (150 sec. maximum),
ang temperature cnange in the vessel is not relevant

Separators and dryer are modelled 1n the axial level 6 using the
perfect CSeparator cption, after some failed attempts to use the
mechanistic mogel; stand pipes are also included in this leve).

vessel connections to other components include feedwater inlet,
modelled as a fil1l, gover ed by the level control system,
discharging ir the downcomer via a leak path (level 5, ring 4),
Steam outlet is located 1in level 7, ring 4. Outlets to
Recirculation loops from lower downcomer are located in level 2
(ring *). Recirculation flow mixes in the jet pump (component
external to vessel) with driven flow from downcomer level 4, to
discharge into lower plenum.

Channel components representing fuel bundles are connected to lower
and upper plena, with leakage flow discharging to the bypass flow

region (levels 3-4, rings 1-2-3)

ECCS injections have been also modelled, using the leak path
feature, although they are not used in the transient.

4.2,- RECIRCULATION SYSTEM,-

Both Recirculetion loops have been
modelled, each peing divided into three components:

- PUMP 11-21, representing the suction pipe, from vessel
downcomer, and centrifugal pump

- VALVE 12-22, representing the flow con.rol valve and
discharge pipe up to jet pump inlet

- JETP 15-25, modelling the 10 jet pumps connected to each
loop.

4.2






4.4,- FUEL ELEMENTS.-

The 624 fuel elements of t=» core have been divided into three
groups (Figure 4.2), correspuiding to the three inner rings of the
essel mogel:

B0 central nigh power
436 central average power
108 peripheral low power

The CHAN component of TRAC-BF1 has been used to model the
craracteristics of the fuel bundles. 11 axial nodes have been
selected, with active iength between nodes 3 to il, and one gioup to
represent tne Bx8 fuel roags

Leakage flow to the bypass region surrounding fuel channels has been
considered by means of a leak path from the second axial noge of the

channels to vessel lewsi 3,

4.5.- CORE POWER AND REACTIVITY FEEDBACK.-

Reactivity feedbacx has been modelled using the pecint kinetic
option, w <h void and Doppler coefficients and scram curve ob*iineu
from perturpation on the 30 simulator, performed around ine steady
state situation of the core

A common axial power distribution is defined for the three types of
fuel zhannel/bundles mogelled.

4.5.- CONTROL SYSTEMS AND TRIPS.-

The three control systems typical of boiling water reacters are
included 1in the model, as well as trips associated to Reactor
Protection System and other automatic actions.

4-4
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8.~ CONCLUSIONS.

A mogel of C.N. Cofrentes for TRAC-B8F1 has been
gevelopped and prosed to be adeguate for opersticnal transient
analysis.

The start-up test of “Trip of One Feedwater Pump’ has been
reproduced with this model an results have been compared with plant

measured data.

A good agreement between calculated resylts and measured test data
has been achieved. Point kinetics option s fairly acequate for
this type of operational transients.

Control systems models closely simulate the response of plant
contollers. Further improvements/adjustments of feedwater controls
could better aproximate behaviour of feecwater flow.

Attempts to use the mechanistic mode! for the separators, have led
to non satisfactory results.

The EXTRACT feature of TRAC should be improved with the capatiility
to update variable status of control blocks.
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ASSESSMENT OF THE*ONE FEEDWATER PUMP TRIP TRANSIENT” IN COFRENTES APRIL 1992
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