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UNION ELECTRICA FENOSA, S.A.
Madrid, Sepain.

Luis Rebollo

ICAP REPORT

RELAP5/MOD2 ANALYSIS OF A  POSTULATED "COLD LEG  SBLOCA"
SIMULTANEOUS TO A "TOTAL BLACK-OUT" EVENT IN JOSE CABRERA NUCLEAR
STATION AS AN APPLICATION OF *LESSONS LEARNED' FROM OECD-LOFT
LP-SB-3 EXPERIMENT. DEVELOPMENT OF A MITIGATION PROCEDURE.

TRA

Severa)l beyond-design bases cold leg small-break LOCA postulated
scenarios based on the "lessgons learned” in the OECD-LOFT LP-SB-3
experiment bave been analyzed for the Westinghouse single loop
José Cabrera Nuclear Power Plant belonging to the Spanish utility
UNION ELECTRICA FENDSA, S.A. )

The analysis has been done by the utility in the Thermal-Hydraulic
& Accident Analysics Section of the Enginneering Department of the
Nuclear Division.

The RELAPS/MOD2/36.04 code has been wused on a CYBER 180/830
computer and the simulation includes the 6" RHRS charging line,
the 2" pressurizer spray, and the 1.5" CVCS make-up line piping
breaks.

The assumption of a "total black—-cut condition" <coincident with
the occurrence of the event has been made in order to consider a
plant degraded condition with tota) active failure of the ECCS.

As a result of the analysis, estimates of the '"time to core
overheating startup" as well as an evaluation of &alternate
operator measures to mitigate the consequences of the event have
been obtained. .

Finally a proposal for improving the LOCA emergency operating
procedure (E-1) has been suggested.
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EXECUTIVE SUNNARY

A RELAPS5/MOD2/36.04 simulation has been conducted to evaluate the
capability of the code to calculate long SBLOCA transients under
degraded conditions for a commercial nuclear pouer plant.

This is an "application" case of the ICAP program and no measured
data exist to make an "assessment” because it is not a real but a
postulated scenario.

A full scope nodalization for the plant has been developed in
order to be able to analize different kind of transients. A
stabilization system that initialize the model at the desired
conditions of pressurizer pressure and level, primary coolant
average temperature, primary coolant mass flow rate, and steam
generator downcomer level, has been designed. This system,
although does not correspand to a real one, 1§ very usefull to
get the transient initial condition in a fast way. Depending on
the case this initial condition can correspond to the nominal one
or can take into account some deviations corresponding to the
uncertainty and measurement dead band of the pressure, average
temperature and thermal power channels. Once the desired
condition has been got, the user has to delete the artificial
system and incorporate the real control system.

Based on the "lessons learned"” in the analysis and simulation of
the OECD-LOFT LP~-SB-3 experiment, several calculations
corresponding to cold leg SBLOCA and simultanecus total black=-out
have been made. The total electrical failure declares
unavailable every active system in the plant, including the
emergency safety features.

Size and location of the break correspond to the real small pipes
connected to the cold leg of the primary system:

- RHRS Chat‘qing 1ine coescons (6")
- Pressurizer spray line ... (2")
- CVCS make=up 1ine seeeroces (1.5")

The postulated cases assume some conservative boundary conditions
in the simulation of the decay heat, heat losses, break discharge
coefficient, automatic steam dump, core power distribution, and
turbine driven pump oeperation.

A complete set of cases without operator intervention were
analized in order to have an estimation of the time margine for
core overheating startup.

As in LP-SB-3 experiment the manual steam generator bleed has
been demonstrated to be & proper recovery action in order to
force the accumulator to discharge. This was the operator
intervention in the LP-SB-3 experiment.
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For accumulator self-discharge cases (intermediate LOCA) or once
the operataor has force the accumulator discharge (small break
LOCA) a special procedure to regenerate the accumulator has been
suggested. This is possible in this plant - becauss the
accumulator is installed outside of the containment building.

The safe response of the plant after the application of this
mitigation procedure has been demonstrated for the complete sat
of cases and so a proposal for improving the present emergency
operating procedure has been suggestad.

The code ran on a CYBER 180/810 with a CPU time to reactor time
ratio of 83, and on a CYBER 180/830 with a ratio of 44. The
maximum time step selected was 0.05 s. using the semi-implicit
numeric scheme. All the cases ran without special difficulties.

The good design and sizing of the major components of the plant
have been demonstrated in this beyond-licensing bases analysis.
Time requirement for operator intervention is aluays higher than

the maximum estimated credible duration estimated of the "total
black=-ogut" event.

As 3 conclusion of the analysis the RELAPS/MOD2 code has been
demonstrated to be appropriate to cover this kind of long term
degraded transients. The suggested improvement of the present
emergency operating procedure to mitigate the consequences of
such an unlikely event has bean demonstrated to be 9ood enough to
guarantee the safety of the plant.
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FOREWORD

This report represents one of the assessment/application
calculations submitted in fulfilment of the bilateral -
agreement for cooperation 1in thermalhydraulic activities
between the Consejo de Seguridad Nuclear of Spain (CSN) and
the United States Nuclear Regulatoy Commission (US~-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 Consejo de Seguridad Nuclear has promoted a coordinated -

Spatish Nuclear Industry effort (ICAP-SPAIN) aiming to -

satisfy the requirements of this agreement and to improve the
quality of the technical support groups at the Spanish -
Utilities, Spanish Research Establishments, Regulatory Staff
and Engineering Companies, for safety purposes.

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

Unidad Eléctrica (UNESA)

Unidén Iberoamericana de Tecnologia Eléctrica (UITESA)

Empresa Nacional del Uranio (ENUSA)

TECNATOM
LOFT-ESPANA

The program is executed by 12 working groups and a generic code
review group and is coordinated by the "Comité de Coordinacidn".
This committee has approved the distribution of this document -
for ICAP purposes.
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1. INTRODUCTION.

The International Thermal-Hydraulic Code Assessment and
Applications Program (ICAP) is being carried out by a number of
countries and organizations and coordinated by the U.S. Nuclear
Regulatory Commision (USNRC). Its purpose is to support the effort
to obtain a considered view of the accuracy and validity of USNRC
thermal-hydraulic codes over their range of applicability.

Contributions to 1CAP of the Spanish utilities relate both to TRAC
(PF1 and BD1) and RELAPS5/MOD2, and include code assessments as well
as code applications. Assessments will be done by comparing code
results versus measured data in Spanish commercial power plants.
Applications will be done for the o0ld plants in wich the
measurement recaording system is not aperopriate for an assessment
comparison.

This report provides a summary of the principal research results of
the OECD-LOFT LP-SB-3 scenarioc simulated for a commercial nuclear
power station.

The major objective was to evaluate the performance c¢f the plant
under a postulated "cold leg SBLOCA" simultaneous to a ‘"total
black-out" event and to check the effectiveness of operator actions
as steam generator bleed and accumulator refilling as a method to
recover the degraded coendition of a commercial PUR.

The participation in the internaticnal "Comparison Report for the
OECD-LOFT LP-SB-3 experiment simulation" (Ref. 1 to 4) as well as
the availability of the RELAPS/MOD2/36.04 code (Ref. S), in the
frame of the ICAP program, for the safety -analysis of nuclear power
plants encourage us to perform this application as part of a plant
csafety review based on the last—generation best-estimate codes.

The main objectives of the analysis were:

- to identify the available time margins for "core heatup
startup”,

- to get an estimation of the steam generator "bleed"
effectiveness,

- to improve the knouwledge of the phenomena associated to
SBLOCA events and cstation behaviour under degraded
conditions.

A description of the plant and the postulated transient is given in
section 2. The nodalization is described in section 3 and the
steady state calculation is reviewed in section 4. Transient
results both without and with operator intervention as well as a
proposal for improving the present LOCA emergency operating
procedure is outlined in section S. Run statistics are summarized
in section 6 and the conclusions are given in section 6.
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2. PLANT AND TRANSIENT DESCRIPTION.
2.1 NUCLEAR STATION DESCRIPTION.

The analysis was done for José Cabrera Nuclear Station (Fig. 2.1),
a Westinghouse PWR Spanish commercial plant belonging to UNION
ELECTRICA FENOSA, S.A. utility (Ref. 8). The plant had its first
criticallity in 1968 and was the first nuclear station connectaed to
the Spanish electrical grid.

As LOFT facility <(Fig. 2.2) it has only one 1loop that includes a
co¥fd leg, reactor pressure vessel, hot leg, Pressurizer, steam
generatar tubes, cross-over leg, and circulation pump. CVCS and
RHRS systems are also connected to the reactor coolant loop.

Nominal reactor powar is 510 thermal Mu representing a scale factor
of 10 versus LOFT. The reactor core has a loading pattern of &9
fuel assemblies (14 x 14) with 2.40 m. of active 1lenght. Reload
fuel , has an average enrichment of 3.40 % in U-235. The oplant
nominal output alectrical power is 150 Mue.

The ECCS system connects directly to the douncomer of the reactor
vessel and includes one accumulator, two intermediate pressure
safety injection pumps taking borated water from the reload water
storage tank, and tws recirculation pumps and an aejector taking
water from the containment sump and feeding the injection pumps in
the recirculation phase of a LOCA.

In the secondary side the typical BOP components are included (two
50% main feedwater pumps, steam line, safety and relief valves,
main steam isolation valve, turbine trip valve, main steam control
valve , turbine, condenser, heaters, etc).

Main feedwater comes directly into the upper part of the downcomer
without passing through any prehsater saction in the steam
generator, being previously heated in four heaters installaed
between the condenser and the steam generatoar. The circulatiaon
ratio in the secondary side of the steam generator is 3.34 at full
power.

The auxiliary-emergaency feedwater system includes one turbina
driven and two motor operatad pumps. Both systems take cold water
from a tank and start their operation automatically. The turbines
driven subsystem injects into the upper part of the downcomer
requiring from the operator the allowance to inject by opening an
isolation wvalve. The motor operated subsystam injects into the
lower part of the downcomer. No operatar action is necassary to
allow the system to injact into the steam generator. There is also
the posibility of an optional injection into the upper part once
the operator lineup praoperly the system.

The plant operates normally in automatic mode under de influence of
the reactor control system that maintains the programmed coolant
average temperature in the primary system acting on the control rod
position. Reactivity changes due to fuel burnup are compensated
through the cycle by the manual operator reduction of the boron
concentration in the primary coolant.

The safety of the plant is gquaranteed by the reactor protaection
system and the emergency safotyzfeatures.



2.2 QECD-LOFT LP-SB-3 SCENARIO.

The postulated scenario was based on OECD-LOFT LP-SB-3 experiment
(Ref. 1), conducted on March 5, 1984, that simulated a small break
in the cold leg of a commercial 3 loop Westinghouse PWR without
high pressure pumped ECC injection. The scenario was intended to
cause an 1inadequate core cooling condition with 8 resulting fuel
cladding temperature excursion. The transient was designed to be
long enough to require operator intervention to recover the plant
because the normal engineered safety features would be ineffective.

For a small break loss of coolant accident in a PUR in which the
HPIS becomes unavailable and inadequate core cooling conditions
result, a potential method of recovery consists of an
operator-initiated steam generator cooldown. 1In this method, the
operator actuates the plant’s secondary steam relief capability and
initiates auxiliary feedwater flouw to the steam generators.

This action causes a very rapid cooldown and depressurization of
the secondary coolant system, which in turn causes the primary
coclant system to cool and depressurize due to the iherma)
connection through the U-tubes.

The operator continues this process, knoun as '"steam generator feed
and bleed", until the primary coolant system pressure has reached
the point where the Tow pressure ECCS (accumulators and LPIS) can
be used to cool the core. This 1is the first time in which the
effectiveness of this recovery method in an integral test facility
has been demonstrated.

The experiment was designed to produce the system conditions in
LOFT which would achieve the following experiment cbjectives:

- Investigate core heat transfer characteristics when core
uncovery occurs during relatively slow boil-off conditions at
primary system pressures above the normal accumulator
setpoint. )

- Evaluate the effectiveness of the steam generator “feed and
bleed" as a means of depressurizing and cogling a highly
voided primary system at a high primary system pressure.

- Evaluate the effectiveness of accumulator injection in
establishing core cooling in a highly voided system uwhen a
low pressure differential exists between the accumulator and
the primary system.

- Provide data to assess the capability and conservatism of
computer codes to predict the transient response of a
* long-term luss-of-cnolant scenario.

The post-test analysis of the experiment (Ref. 2,3,4) demonstrates
both the proper recovery cof the facility and the excellent
performance of the RELAPS code.



2.3 $B-3 SCENARIQ POSTULATED FOR THE NUCLEAR STATION.

Dua to the radundancy and diversity of the electrical supply to the
motors of the emergency safety features, the coincidence of a
SBLOCA and the unavailability of the ECCS injection pumps requires
in José Cabrera plant the simultaneity of the SBLOCA and a "total
black~out" condition.

In 1loss-of-offsite power condition the diverse and redundant
amergency powar supply system gquarantees the operation of the
safeaty 1injection and emergency feeduater pumps. The only
possibility for such a failure in the redundant SIS and EFUS is the
axternal black-out with failure under demand in the amergency pouar
supply systam that includes two hydroslectric turbines and one
Diesel generator. The probability of such an electric failure has
been estimated as 4.7E-06 per year with a maximum credible duration
of 20 minutes for the postulated "total black-out® condition.

In such an event the loss of power supply to the motors of the
pumps forces ths coastdowun of the primary coolant flow and main
feedwater flow.

The reactor would be directly tripped on RCP breakers opening due
to black-out. The l1oss of offsite pouwer supply would also directly
trip the MFUS wich in turn would trip the turbine and would force a
reactor trip on turbine trip.

Low reactor coolant flow, mismatch between feedwater and steam flow
simyltaneous to louw steam generator downcomer level (NR), variable
low.pressurizer pressuyra, fixed low pressurizer pressurs, low-low
steam generator level (NR), and "S" signal on low pressurizer
pressure would trip the reactor wich in turn would force the
turbine trip.

The emergency safety features would be required as follouws:

- ECCS pumps would be started on "S" signal due to low
pressurizer prassure.

- EFWS pumps would be started on lou=low level in the narrow
range of the steam generator downcomer or "S" signal.
Isolation valves would be openaed on low level in the wide
range in coincidence with reactor trip.

In the case of a "total black-out" condition both systems would be
unavailable and the bahavior of the plant would correspond to the
SB-3 aexperiment in the LOFT facility.

The only difference would be that in the LOFT experiment the
reactor coolant pumps were running during the first 1600 seconds
while in the pouer plant simulation the reactor coolant pump trips
due to black=-out condition. Reactor coolant pump would also be
tripped by the operator following the recommendations of the
emergency operating instruction for LOCA (E-1).



The analysis intends to identify the time the operator has in order
to initiate a recovery before a core heatup transient starts. It
will also be 8nalized if there is enough steam generator secondary
side inventory in order to "bleed" the system.

The <standard "feed and bleed” procedure used in LOFT would be
reduced to the "bleed” action taken intg account that the "feed"
operation would not be possible in case gf "total black-out’ event
because the power operated pumps (main and auxiliary-emergency
feedwater systems) would not be active.

Due to conservative reasocns, no credit is given to the existing
turbine driven pump of the emergency feedwater supply system that
would be available to "feed" the steam generator and guarantee its
inventory.

The accumulator of the ECCS will be considered as available due to
the fact that it is a passive element.



3. COOE INPUT MOOEL DESCRIPTION.

Far this application, the RELAP5/M0D2/36.04 code on a CYBER 180/830
computer under NOS 2.5 operating system has been used. NEW,
RESTART and STRIP modes of operation were used for the steady
state, transient and plotter applications respectively.

As the DISSPLA plotter package was not available in the company,
the reading-uwuriting POSTRIP (post-STRIP) program has been
daveloped. This program reads from the "strip file"” and writes a

file adapted to the input of GRAPHS <(a genaral purpose plotter
program).

The RELAPS5 moadel of José4 Cabrera nuclear steam supply system
depicted in Fig. 3.1 is currently been used in the transient
analysis of the nuclear power plant. It is a general purpase model
developed specifically for José Cabrera nuclear station in order to
have a tool to allow the utility to make its own safety analysis.

The nodalization comprised 124 control volumes or nodes, 13 of
which are time dependent wvolumes, 133 junctions and 63 heat
structures.

A transient and accident analysis methodology adapted to the use of
the code, including enginneering procedures and simulation rules,
has also besen developed.

3.1 PRIMARY SYSTEM NODALIZATION.

The reactor core was divided into eigh vertical nodes; a3 six
nodes pipe (20%9) representing the active core and two
unheated inlet (211) and outlet (207) nodes respectively.
The upper plenum (208) collects coolant coming from the core,
from the core bypass (210) and from the head of the vessel.

The vessel has a lower (four nodes annulus 208) and an upper
(204, 202) douncomer, a lowar (212) and an upper (201) dome,
and an upper plenum (203, 205). Three bypass ways for the
coolant have been considered: core bypass (from 210 to 206),
vessal head bypass (from 203 to 208), and cold leg - hot leg
bypass (from 208 to 100). By applying appropriate 1loss
coefficients, the specified flow distribution between core
flow and each bypass flow was met.

The hot 1leg was divided 1into twuo nodes (100 and 103), the
junction of wich corresponds to the surge line (three nodes
pipe 300) connection.

The pressurizer was modeled by two pire components; the tuwo
nodes upper one (312) and the six nodes lower one (310), the
connaction of wich corresponds to the spray junction (from
384 to 310). This nodalization was chosen in ordean to allow
the model to introduce coolant spray from the pump discharge
(150) through the spray line (three nodes pipe 330, single
volume 354) directly into the steam wvolume under the
influence of the modulation of the spray control valve (352).



The pressurizer relief lines (322, 326), valves (324, 328)
and collector (330), as well as the safety lines (314, 318)
and valves (316, 320) have been simulated. The four nodes
pire common safety-relief collector (332) directs the steam
discharges into the pressurizer relief tank that was
simulated as a courle of volumes; the bottom one corresponds
to the water part (334) and the top one corresponds to the
steam-nitrogen part (336). The rupture disc was simulated by
a valve (338) having the disc real section and an opening
set-point equal to its rupture pressure. This valve allous
the discharge of steam directly to the containment atmosphere
;:gglated as @ boundary conditicn (time dependent wvolume

The primary side of the steam generator was modeled with an
inlet plenum (110), the portion of the tubes in the "up"
direction inside the tubeplate (115), the eight nodes pipe
(120) representing the U-tubes, the portion of tubes in the
"down" direction inside the tubeplate (125), and the outlet
plenum (130).

The loop-seal between the steam generator outlet and the pump
suction was simulated with three volumes corresponding to the
"down" part (140), the "horizontal" part (142) and the "up"
part (144).

The reactor cooclant pump (150) was represented using the
homologous curves specific for this plant obtained from

Westinghouse. Two-~phase factors from LOFT facility were used -
to simulate the degraded behavior under abnormal conditicons

gfr vgid fraction as an application of the conclusions of
e L] L

The cold leg leading from the pump discharge to the vessel
inlet was represented by a couple of nodes (160, 165).

By applying appropriate 1oss coefficients, the specified loop
pressure distribution and flow were achieved.

The emergency core cooling system was simulated by a couple
of subsystems. The passive subsystem includes the
accumulator (600), the discharge line (605), the isclation
valve (610), the three nodes pipe discharge 1line (620), and
the check valve (630). By tunning appropriated coefficients
the referenced Westinghouse accumulator discharge flow rate,
under LBLOCA conditions, was met. The active subsystem
corresponds to the safety injection pumps, modeled as a time
dependent junction (&55) taking borated water from the reload
water storage tank (time dependent volume 650) at¢ a boundary
condition. The injection flow has been defined as a function
of the primary system back-pressure with conservative
assumptions for the line pressure l1osses.



Heat structures for the accumulator, vessel, core with
average and hot channels, hot leg, surgs line, pressurizer,
steam generator plena, U-tubes, loop seal, pPump, spray line
and cold leg, have been simulated. In the case of the steam
generator plena, threa differant heat structures have been
considered: one connecting each plenum with the containment
atmosphere, one connecting both plena, and one connecting
gach :lenum with the riser, simulating the tubeplate thermal
structure.

The point kinetic model, including fuel temperature, coolant
temperature and coolant density feed~back reactivity effects,
has been selected for the active heat structures of the
reactor core.

The reactor control and protection systems based on the
functional diagrams corresponding to the real gains and
delays measurad in the power station have also been
simulated.

Several control variables have been defined to calculates

a) Pressurizer collapsed liquid level.
Error in the pressurizer collapsed liquid level.
Correction to the pressurizer level controller.
Modulated make-up & let-down mass flow rate.

b) Reactor coolant system average tempsrature.
Error in the reactor coolant system average
tempearature.
Correction to the RCS average temperature controller.
Modulated position of the steam control valve.

c¢) Cold leg volumetric flow rate.
Error in the cold teg volumetric flow rate.
Correction to the RCS flow controller.
Modulatad reactor coclant pump speed.

d) Steam generator downcomer collapsed liquid level.
Error in tha steam generator downcomer level.
Correction to the steam generator downcomer level’
controller.
Modulated feedwatar mass flow rate.

a) Circulation rate in the secondary side of the steam
9anarator.
Steam generator riser collapsed liquid lavel.
Tota) steam genarator relief flow to the atmospherse.
Total steam generater relief flow.
Total steam generator safetv flou.
Total flow from the steam generator to the atmosphera.
Integral discharge from the steam generator to the
atmosphare.
Turbine driven AFW steam consumption.
Turbine driven AFU mass flow rate.
Mismatch in the secondary system.



f) Core collapsed liquid level.
Total ECCS mass flow rate.
Integral accumulator mass flouw rate-
Integral safety injection mass flow rate.
Integral ECCS mass flouw rate.
RCS delta temperature.

g) Reactor protection system functions.
Reactor control system functians.

h) CPU rate (CPU time/Reactor time).

3.2 SECONDARY SYSTEM NOOALIZATION.

Feeduwater was simulated as a time dependent juntion (445),
connected to the upper part of the douncomer, taking warm
water from the time dependent volume (444). Feedwater
temperature was simulated as a function of plant power from
full pouwer and part load operational data.

Turbine driven auxiliary feedwater pump was represented as a
time dependent junction (449%9), connected to the upper part of
the douncomer, taking cold water from a constant temperature
time dependent volume (448).

Emergency feedwater motor pumps were simulated as a time
dependent junction (457), connected to the lower part of the
downcomer, taking cold water from a constant temperature time
dependent volume (456).

The steam generator downcomer was simulated by a five nodes
annulus (450). The single Jjunction (455) connects the
dowuncomer bottom to the riser inlet. The riser was
represented by a five nodes pipe (400) with the same
elevations as their corresponding in the downcaomer. The
firet four are thermally connected to the primary system
through the U-tube heat structure.

A non-ideal but nearly-real first separator (410) was
simulated at the top of the riser with special. detail in the
carry=over and carry-under flow characteristics. To do that,
a geometrical analysis of the real dimensions of the ciclenic
pathuays in the separators has been done obtaining the values
of the VOVER (carry=-over) and VUNDER (carry-under) parameters
for the RELAPS separator model. A connection (from 410 to
450) representing the separator draining paths has been
provided. The separator bypass (440), connecting the
douncomer and the steam dome, has been simulated.

By applying appropriate 1loss coefficiente in the natural
circulatiaon loop of the steam generator (400, 410, 450), with
the higest resistance located in the douwuncomer/riser junction
(455), the specified circulation ratio of 3.34 has been met.
Also, by adjusting the secondary side liquid inventory, the
measured dewncomer level has been obtained.
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The steam node (420) corresponds to the volume betwasen the
ciclonic separator and the steam dryer. The dryer was
simulated as a nearly-ideal second separator (424) uhich
allouwed nearly~-agnly steam to escapa upwards. The drain flow
path (4268) represents the real pipes that connect the steam
dryer to the top of the douncomear.

The steam volume at the top of the steam generator dome has
at its bottom an orifice plate that behaves as a separator
and so it has been simulated as an ideal third separator
(430) allowing only steam to escape upwards. The drain flow
path (428) represants the real pipes that connect the orifice
plate to the top of the downcomer.

This special emphasis in the simulation of the thrae
separator stages, including the real definition of the
draining ways, were considered to be important in the
analysis of depressurizations of the secondary system due to
gteam line breaks. Thesae draining pipes behave in such an
event as a riser bypass leakage pathways for the inventory of
the steam generator that leaves the downcomer without any
conling affect an the primary coolant through the
riser/U~-tubes thermal connection .

The steam line was divided in several parts: the four nodes
pire (500), two single nodes (502, 504), the main steam
isolation valve (506), a single node ( 308), a three nodes
pipe (510), the main steam control valve (512), a single node
(S513), the turbine trip valve (514) and the time dependent
voluma (518) that represents the turbine.

The turbine was simulated as a boundary condition selecting
its constant back-pressure high enough to avoid critical flow
in the main steam line valves.

The real characteristics and actuation logic of each valve
have baeen modeled. Also, by wusing appropriate 1loss
coefficients, the specified sacondary pressure distribution
was met.

The model includes the four safety valves (540, 544, 548 and
3%2) as well as thair relief lines (3542, 544, 550 and 3554) to
the environmental atmosphere simulated "as constant time
dependant volumes (360, 561, 362 and 363).

The steam consumption of the turbine driven pump have been
simulated by time dependent junctions discharging to ths
environmental atmosphere (time dapendant volumes 460 and 462)
for the turbining (459) and turbining-pumping (461) modes of
gperation.
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The automatic steam-dump system operates modulating the
opening of the relief valve (532) to the condenser (time
dependent volume S38) through the relief line (530, 534) and
the opening of relief valves (522 and 526) to the
environmental atmosphere (time dependent volumés 564 and 545)
through their relief lines (524, 528), looking for the RCS
hot 2ero power average temperature., There is & common relief
line (S520) to the atmosphere and a general common relief line
(518) from the main steam line. The valve (538) isolates the
relief line tc the condenser in case of loss of offsite
power, protecting the condenser that results unavailable
under this circunstance.

Heat structures for the steam generator vessel and internals
have been simulated.

A sensitivity calculation tunning the hydraulic diameter of
the steam generator U-tubes/riser heat structure was done to
fit the pressure in the secondary side.. The explanation for
needing this correction can be found in the substantial
amount of crossflow created by the U-tubes support plates in
the riser. The crossflow enhances the heat transfer
considerably and is not taken into account in the ordinary
heat transfer correlations.

The tunned hydraulic diameter corresponds to & value similar
to the gap between tubes. This wvalue was only used in the
definition of the U-tubes/riser heat structire, maintaining
the real geometric value for the hydraulic definition of the
riser.

A csummary description of the model including concept, node number
and type is given in Table 3.1.

The main applications af the model are ¢ FSAR accident analysis
review, real plant transients simulation, evaluation of potencial
changes in Technical Specifications, plant perscnnel training,
support to PSA analysis, etc.
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4. STEADY STATE CALCULATION.

The first step was to get a steady state condition representing the
norma) aperation of the plant at full power. The aim was to get
the desired stable condition with the minimum CPU time consumption.
The simulated control system, that reproduces the real
characteristics of the system in the plant, behaved slouwly and was
not considered the more appropriate for getting the steady state.

For ‘this objective a2 stabjlization system -has baeen daveloped
according to the Jlogic of actuation represaented in Table 4.1. In
this way pressurizer prassure and laval, primary coolant flow rate,
primary 3verage temperature and steam generatar pressure and

d?un:umer Tevel are fitted to the wvalues measured in tha
piant.

This stabilization systeam is based on proportional-integral
controllers that, with the use of properly selected gains, fits the
system reducing to zero, as fastly and stably as possible, the
"eprror signal" defindd as the difference betwsen the desired and
the calculated value of the controlled variable.

Reactor power and feedwater tamperature are maintained constant as
a boundary condition raeprasenting the nominal value corresponding

to the norm2) operating condition. For this calculation the
‘kinetic madal uas not usad. '

After a 346.5 s. reactor iima null transient a stable condition for
the controllad model 'has been got. The ¢tinal state fits the
dasired full power measured operating conditions. The RELAPS/110D2
code stopped the 3teady state calculation once the stability
condition was accepted by its internal checking procedure. Main
rasults are represented in Fig. SS.1 to SS.13 of Appendix SS as
indicated in Table 4.2.

A second step eliminating the stabilization system and introducing
the reactor kinetic model and the real reactor control and
protection 3ystem was done gqetting inmediately the stable
condition.

As a first application ot the model, the simulation of full load
and partial load (20% to 100%) conditions has baen made. In
general the results show a very good reproduction of the measures
in the plant. Table 4.3 gives a summary of the comparison betueen
the main variablas measured and calculated in the staady state
simulation at full powar.
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S. JRANSIENT CALCULATION.

For this SBLOCA application the general nodalization ceuld have
been simplified based on enginneering judgement eliminating those
nodes that are cansidered irrelevant in a depressurization
transient:

- Pressurizer relief and safety valves.
(316, 320, 324, 328)

- Pressurizer relief lines.
(314, 318, 322, 326, 330, 332)

- Pressurizer relief tank.
(334, 336, 338, 340)

Elements neglected by the hypothesis of the transient analysis
could also have been deleted: - : ‘

- Safety injection pumps.
(650, 65%)

- EFWS turbine-driven and motor pumps.
(448, 449, 456, 457, 459, 460, 461, 462)

- S.G. relief line to the condenser.
(530, 532, 534, 536, S38)

However, in order to check the proper behavior of each component,
the described standard nodalization has been used. Appropriate
changes in the logic of actuation teo avoid their autamatic
operation have been provided.

S.1 HYPOTHESIS OF THE JRANSIENT ANALYSIS.

A conservative analysis hf the SB-3 scenario was done based on a
bes:-?§t1mate code and conservative transient boundary conditions
as followss .

a) ﬁecay heat generation rate.
ANS-S.1 (Oct-73) with & miltipiier factor of 1.20 was used.

b) Heat losses. .
No credit for the system-to-containment heat losses was
considered. The primary cooalant is the anly heat sink for

_ the primary thermal structures.

c) Break.

A guillotine break in a small pipe connected to the cold leg
of the primary system with a discharge coefficient of 1.0
was simulated as a trip valve (163) connecting the 160-165
junction tec the containment atmosphere (164) simulated as a
constant pressure time dependent volume.
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d) Steam dump systam.

Due to conservative reasons, .no credit for the actuation aof
the automatic  steam dump relief system-from the secondary
side to the atmosphere was considered and only safaety valvas
were allowed to operate. This system would actuate
automatically and would cool the primary system reducing the
average temperature to the hot 2ero power set point.

@) Core power distribution.

‘An axial power distribution peaked at the tap of the core
with a peak to average factor of 1.77 and an axial offset of
+ 40% was simulated both in- steady state and transient
conditions. .

£) Turbine driven pump.

Its operation would guarantee the inventory of the steam
generator by controlling the downcomer level even under
"black-nut' condition. Howevar no credit is given to this
available subsystem of - the AFUS because operator
intervention to open:an isolation valve is required. Due to
the fact that this system is automatically activated, the
steam consumption corresponding to the turbine operation
turbining and not pumping has bean considered.

g) Black=-out.

A "total - black=-out" -coincident with the break was
consideraed. This forced the coastdowun of the reactor
coolant and main fesdwatar pumps. Power gperated emergency
safety features (ECCS and EFWS) ware considerad for this
reason as unavailabla.

Hypothesis "a" and '"b" 1nchease the heat source while “c¢" and "a"
accelerate the core uncovery. : :

Hypothesls "d" 1increases secondary -temperature due to the higher
sat-point of the secondary system safety valves in comparison with
the relief valves. As a consequenca of that - the primary
temperature is consarvatively overpredictad.

Hypothesis "f" reducaes the estimatioh of the steam generator
sacondary side inventory and downcomer lavel.

Hypothesis "g9" has been done to reproduce the LOFT-SB-3 scenario of
SBLOCA without ECCS pumps operation.
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S.2 IRANSIENT BEHAVIOUR WITHOUT OPERATOR INTERVENTION. (A)

Three small break LOCA’s corresponding to the three lines connected
to the cold leg of the primary coolant system have been analized.

The corresponding bresk size for the postulated cases are:

a) case I : 6 inch diameter for the RHRS line.
b) case II : 2 inch diameter for the spray line.
c) case I1l1l: | 1.5 inch diameter for the CVCS line.

A simulation without any operator intervention has been done in
order to analize the passive behaviour of the plant for such kind
of transients. Corresponding figures without operation
intervention are identified in Appendix I, 11, and 1II, with the
letter YA" in brakets. The set of figures for each transient case
%sb:is;eg in Table 5.1. Variable identifications are 1listed in
a e Lo

There are some common features for the three cases?
- depressurization of the primary system,

- automatic reactor 1trip changing from nominal power to
decay heat generation,

- automatic turbine trip on reactor trip signal,
- "S" gignal on low pressurizer pressure,
- primary coolant pump and main feeduafer'pump coastdoun,

- subcooled, two phase and only steam discharge through
the break,

- loss of inventory in the primary system with reduction
in the core collapsed liquid level,

- core level recovery due to loop seal clearance,
- pressurization in the secondary system,

- void redistribution in the secondary side of the steam
generator with reduction in the dowuncomer collapsed
liquid level,

- core heat-up.

However there are some differences that should be pointed ocut:

a) Lase I(A), (6" RHRS)

The size of the break is big enough to depressurize directly
the system under the accumulator set-point (Fig. 2. In
fact, it cannot be considered as a small break but an
intermediate one taking inte account that the steam
generator is not needed as heat sink during the transient.
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The chronology of events is summarized in Table 5.3, and the
main results are represented in the set of figures of
Appendix I.

The scenario does not correspond to the specification of the
axperiment LP-SB-3 but the analysis was continued in order
to identify the margin for core uncovery and heat-up.

The accumulator discharge starts at t = 190. s. (Fig. 7),
initiating the recovery of inventory in the primary system
(Fige 9). Once the accumulator discharge finishes, a
cantinuous mass deplation is predicted (Fig. 9) with the
simultaneous reduction in the <core collapsed 1liquid level
(Fig. 19) that is responsible for the initiation of the
cladding temperature axcursion at t = 1480. s. (Fig. 28).

The potential reduction of ths U-tubes heat transfer due to
nitrogen discharg9ge from the accumulator to the reactor
coolant system was observed not to be very important in this
casa considering that the steam genarator is not needed as
heat sink during the transient.

In the secondary side a pressure increase without reaching
the safety valves set-point is predicted (Fig. 2).

As there is not steam discharge through the safety valves to
the atmosphere (Fig. 35, 6), the steam generator maintains
its inventory (Fig. 13) and behaves as 3 heat source
instead of a heat sink. This effect is clearly observed
once the reactor coolant system deprassurizaes under the
steaam generator prassure (Fig. 2) uwhen the dacay heat
generation rate (Fig. 1) becomes smaller than the energy
release through the break.

b) Case 1ICA), (2" spray ling) :

Its behaviour is similar to the observed 1in the expariment
LP-SB=-3, a stable pressure in the primary system (Fig. 2)
above the accumulator set-point, coincident with a monotonic
mass depletion (Fig., 9), being achieved.

The chronology of events is summarized in Table 5.4, and the
main results ' are represented in the set of figures aof
Appendix I11.

The praessure in the sacondary system (Fig. 2) reaches the
safety valve set-point at t = 110. s. From this time on the
valve cycles (Fig. 3) in order to compensate the difference
between the decay heat generation rate and the enargy
release through the break. Steam raleass from the steam
generator to the atmosphara (Fig. &) reduces continuously
the steam ganerator inventory and the downcomer collapsed
liquid level (Fig. 13).
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c)

At t = 1370. s. the safety valve stops cycling due ta the
fact that the decay heat generation rate (Fig. 1) becomes
smaller than the energy release rate through the break.
From this time on, a constant steam generator inventory is
observed (Fig. 13) and a continuous cooldown (Fig. 22) and
depressurization (Fig. 2) of the eprimary system 1is
predicted driving the plant to the accumulator discharge
set-point without any operator intervention.

The core heat-up begins at t = 1950, s. (Fig. 26) due to
low core level (Fig. 19). This happens befare the
accumulator discharges. The depressurization continues and
reaches the accumulatar set-point at t = 2320. s.

A conservative analysis of the core heat-up without credit
for the accumulator discharge has been done to analize the
transient temperature of the cladding.

Case I1ICA), (].35% CVCS)

The eprimary system behaviour is similar to case II but
slover.The chronalogy of events i{s summarized in Table S.5,
and the main results are represented in the set of figures
of Appendix I1l1.

A continuous discharge of steam from the safety valve of the
secondary side (Fig. 5, 6) 1is predicted during the first
2580. ¢, From thies time on the steam generator is noat

‘needed as heat sink and the safety valves remains closed

because the energy release through the break ic higher than
the heat source from the core to the coolant.

At t = 2980. s the core begins to heat-up (Fig. 26)
reducing the heat transfer coefficient to the coolant uhich,
consequently, starts to coel (Fig. 22) and depressurize
(Fig. 2), as a resylt of its energy reduction as a
consecuence of the smaller core/coolant heat transfer with
constant heat release through the break.

. The accumulator set-point is reached at t = 3910. s. (Fig

7, 9). In this case - the accumulator discharge has been
considered looking for @& realistic simulation of the
transient cladding temperature during this event. Again the
potential reduction of the U-tubes heat transfer due to
nitrogen discharge from the accumulator to the reactor
coolant system was observed not to be very important
considering that the steam generator is not needed as heat
sink from this time on.
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5.3 IRANSIENT BEHAVIOUR WITH OPERATOR INTERVENTION. (B)

A simulation with operator intervention has been done in order tg
analize the passive behaviour of the plant for such kind of
transients under the influence of a recovery Procedure.
Corresponding figures are identified in Appendix IV, V, and VI,
with the letter "B in brakets. The set of figures for each
transient case is listed in Table 5.1. Variable identifications
are listed in Table 5.2.

a) Cases 1I(B), (2" spray line), and IIICBY, (1.5" CVCS) :

The LP-SB-3 recovery procaedure raducad to “bleed” of the
steam generator, due the wunavailability of the electrical
“feed" system in '"total black-out" <condition, has basan
simulated in both cases. .

A RELAP3/MOD2 rastart analysis fraom the restart file
previcus to the cors heat-up has been done by simulating the
manual opening of the relief wvalves to the atmosphers. The
"bleeding” ‘action was delayed in both cases wunti) the core
heat-up started.

The chronology of events is summarized in Tables S.7 and
5.8, and the main results are reprasented in the figures of
Appandix V and Appendix VI respectively.

The steam genarator downcomer lavel (Fig. 13) has been
analized 1in both <cases during the transient in order to
quarantea that enough inventory is 3till avajilable in the
secondary system when the "S.6. bleed” operation is
required to cool the plant. In both cazes the results
indicate that the "S.G6. bleed" is possible (Fig. 5, &) and
effective.

The behaviour of the plant in the recovery operation is
similar to the obsarved in tha LOFT facility forcing the
primary system cooling (Fig. 22) and deprassurization (Fig.
2) and the discharge of the accumulator (Fig. 7, 9) with
core quenching (Fig. 19) avoiding the core overheating
(Fig. 26). :

Both manual steam dump closure as well as accumulator
isolation on low accumulator 1level have been 3simulated as
ocperator actions. This intends to avoid the wundesired
nitrogen discharge from the accumulator to the primary
system that could reduce tha primary/secondary heat transfar
characteristics. Anyway, as in both cases the steam
qenerator i3 no more naeded as heat sink from the
accumuiator discharga on, nitrogen injection was not
considered to be dangerous.

The affectiveness of the operation and tha correct sizing of

the accumulator have been so demonstrated in both cases for
such an event.
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b) Case 1CB) :

For case I(B) the "bleed" operation has no sense because,
once the accumulator has discharged automatically at the
beginning of the transient, it is not possible to discharge
it again by bleeding the steam generator to the atmosphere.

In case of continuous "total black-out” condition, the cnly
possibility for recovering the plant is to guarantee a
minimum inventory in the primary system to avoid the core
uncovery and heat-up.

Due to the wunavailability of the ECCS injection pumps, the
only way to inject water in the system is through the
accumulator pathuay.

Taking into account that the accumulator of José Cabrera
nuclear power plant is installed ocutside of the containment
building and that there is a margin to core heat-up startup
of at least 25 minutes with the conservative hypothesis and
boundary conditions considered, it is possible to make it
avallable again by

- isolating the accumulator by closing the accumulator
isolation valve,

- venting it,

- refilling it from the reload water storage tank by
gravity circulation or gasoline pump operation,

- pressurizing it with nitraogen,
- opening the isclation valve to force the discharge,

- monitoring the accumulator discharge in the control
room by watching the accumulator level,

- {solating the accumulator discharge before its level
was reduced to the bottom in order to avoid any
nitrogen injection into the primary system that
could reduce the heat transfer.

The chronology of events is summarized in Table 5.6, and the
main results are represented in figures of Appendix IV.

In this way the inventory of the primary coolant system can be
maintained (Fig. %) without core uncovery (Fig. 19) avoiding
the cladding temperature excursion (Fig. 26).

The proccess should be repeated in a cyclic way with intervals
of 25 minutes wuntil electrical supply is recovered and the
pumps of safety injection system are available to mitigate the
consecuences of the event.
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This procedure is also needed in case I1(B) and 1I1(B) for long
term cooling in case of continuous "total black-out'" condition
once the first discharge of the accumulator has been forced by
the operator with the manual initiated "S.G. bleed" operation.

The effectiveness of the operation and the correct sizing of

the accumulator have been so demonstrated in this casa for such
an evant.

5.4 PROPOSAL FOR IMPROVING TJHE LOCA EMERGENCY OPERATING PROCEDURE.

The emergency operating procedures for José Cabrera nuclear pouer
plant are based on a diagnosis of the accident (E-0) followed by
spacific procedures for the three design base accidents:

- LDSS Of Cno‘ant teseeseresessnsssess (E-l)o
= Main steam line break csvevsscccsssee (E-2).
- Steam generator tube rupture .veeees (E-3).

An improvement of the present E-1 procedure considering the
out-of-the-standard-licencing~bases SB-3 scanario has been
suggested (Fig 35.1).

The operator identifies the accident as a SBLOCA based on low
primary pressure, low pressurizer level, high secondary pressurs,
and high containment pressure, temperature and radiation. I1f there
is a simultaneous total electrical failure, known as '"total
black=-out” condition, the operator has to identify if it is a
tipe (I) or a tipe (I1/II1) <case by watching the accumulator uater
level in the control room.

In case of accumulator level reduction in the first minutes the
tipe (I) option shoud be applied. It is recommended to isolate,
vent, refill, pressurize and line-up it again as soon as passible
during the first 295 minutes. He must repeat this operation at
regular intervals until electrical supply 1is recovered and ECCS

pumps are available to guarantee the long term cooling following

the present E-1 procedure.

In non discharge case the tipe (11/111) option should be applied.
It is recommended to force the depressurization of the primary
system below the accumulator set-point as socon as possible in the
first 30 minutes. There are three ways of doing it:

- Indirect primary deprassurization, by manual "bleeding"
of the steam generator through the relief valves to the
atmosphera (air supply to oapen the valves were normally
available and, anyway, manual access to this wvalve
outside the containment 1is quaranteed). This operation
is recommended as a first solution.
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- Direct primary depressurization, by cpening the
pressurizer relief valve (air supply to open the PORV is
guaranteed). Thie 1is not recommended as a first
solution because this operation reduces the inventory in
the primary system and accelerate the core uncovery and
heat-up. It also increases the radiation level in the
containment building. The PORV opening behaves in the
same way as an increase in the break area. This optian
should be used as a secend solution only in case of
impossibility for steam dump cperaticn.

- Combined primary depressurization by simultaneous direct
and indirect above operations.

The indirect operation, provided that enough level is available in
the steam generator, would be a real direct aspplication of the
"lessons learned” from the analysis of OECD-LOFT LP-SB-3 experiment
to the José Cabrera nuclear power plant.

Once the discharge is verified, the operater will proceed following
the recommendations indicated above for the self-discharge case.
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6. RUN STATISTICS.

Calculations started on a CYBER 180/810 computer that was
transformed to 180/830 during the execution of the last set of
cases. CPU time vs. reactor time plots have been provided for tuwo
cases:

- Case II(A), 2" break without operator intervention, on a
CYBER 180/810 computer.

- Case I(A), &" break without ogperator intarvention, on a
CYBER 130/830 computer.

A direct comparison of the CYBER 180/810 and 180/830 CPU time to
reactor tima ratio can be seen in Fig &.1.

In table 6.1 a typical run statistics has been summarized for both
cases. The table includes the "ICAP required number" that was
calculated based on the transient time, the total number of active
volumes in the model (time dependant volumes wers not considered),
the total number of time steps and the total CPU time.

A maximum time step of 0.05 s. and the sami-implicit option were
selected for all the transients that ran without special
difficulties. Mass error was aluays under the control of the cods
giving negligible valuas (Fig. 27) 1in comparison with the total
mass of the system.
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7. CONCLUSIONS.

RELAPS/MOD2 cycle 36.04 has been wused to analize the SB-3 scenario
in a commercial power plant. No major difficulties in the use of
the code have been detected.

The good design and sizing of the major components of the plant
have been demonstrated in this beyond-licensing bases analysis.

As a result, an improvement to the emergency operating procedure
has been suggested. Calculated time requirement for operator
intervention (25’ in case I, 30’ in case 1l and 50° in case IIlI) is
always higher than the maximum estimated credible duration for the
"total black—-gut" (20°).

As a conclusion of the analysis, the suggested ‘improvement of the
present emergency operating pracedure to mitigate the consequences
of such an unlikely event has been demostrated to be good enough ta
guarantee the safety of the plant.
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TABLE 3.1 RELAPS/MOD2 mgdal description (nodalization).

CONCEPT

PRINARY CQOLANT SYSTEM

Cold 1aeg = pump discharge eccecsecotenssecccsscscce
Break PO 00080080000 0000008000002 P80P0000000sPNOOYS
Containment 00 0000 L L LPELEIEEIELELIOLOOIBOIOGOIOBOOOES
Cold 109_- vassal in]et_....--.....-........oooo
Vessal douncomer = lower Part coeetsrnensssvnnne
Vcsse] bottom S 0200 00 000 OP OO PONOIEOELEOEOIOIOIEOGEPSIOIOEPPROROOSTOEDS
Core louer Planum O N N N N N N R A N W W WA A
Core inlat junction oooc;;ouoaoonocou--co-ooooo-
Reactor COMB oscvvverevesscvrrocscsscostosrosccsocnes
Core outlat Junction seeeveecscossscrncsnccccass
Core upper Plenum S0 0000 s000sLOOIINROIONOGORIOOEOROOBTGGES
CDPQ byPaSS 8 0000000000000 0000000000000 0000ERINEDYDS
Reactor Outht S0t EINIIEIBIIOISIOIOIONOBIOEOIOBROROOIEOEDRTDS

Vessel
Vessel
Vessel
Vessal
Vessal
Vessal
Vassel

NGOE

NUMBER

downcomer junction RNy
»dDUnCOMOP - ECCS injection v 000t 00 r s
douwncomer JUNCtion secececccccnsesccccece
downcomer = uppar Part Se000s00000s000ns e
top 0 6 05 0 08 0 00000000 B OB OPOOOLOIOOEOIOELEOSENLEOEDECEDS
UPPQP‘UPPQP<Plenum S0c s esss st s8R0
upper P]enum oo-;.oooo-ooaoooouo.o-ouono-

Hoet ‘09 = ve35@8] QULtIBt cocceccersccnsssssrrscnsns
Hot 189 - steam generator inlat ceeecessoscvores

S.G.
SOGC
S.G.
S.G.
SQG.

inlat Plenum 0000000000800 00080000 O00C0CO0TLDIDS
tube inside the tube=plate (hot) ceceeceeces
tube connacted to the riser cceecccscecccsns
tube iHSide the tUbe-P]at. (co1d) seceveses
outlat P]Onum s 00 eses0ssssss0sOIORRIOONIOERL TGS

Cross over leg = S.0¢ 0ULTBt covevevrsercscssrsese
Cross over leg = intermediate ccecvvcreccerecanns
Cross over ]Qg - pump inlet coeeosvcocoesrssenne
Primary coolant_Pump e s 00 0GP0 sOPIRIOIOREERIIORIOONOGEOOES
surge 1iN8 seevevocvssscnvvsossssrsee
inlat Junction tesss et rsEaRELILEEL LY

Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizaer
Prassurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer

vassal (louwer part)

junctiﬂn 0000000000000 00000800000080

vessal
safety
safety
safaty
safety
relief
relief
relief
retief
relief

valve
valve
valve
valve
valve
valve
valve

valve
COl1aCtOr ecoscvsscccccrsscenee

NN o= =2 DI N) e 0=

(upper Part) cevecvessnccscnns

inlet covecevscccnacs
[N16t verrrennnnnnnns
(N1at cevsennnnnanns
In10t veernneneneeens

L2 B BN NN B BN BU BN BN B BN BN BN BN BN BN BN BN B B )

reltiaef-safaety collector ceccerecoces
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160
163
164
165
208
212
211
243
209
244
207
210
206
243
204
246
202
201
203
205
100
105
110
115
120
125
130
140
142
144
130
300
301
310
311
312
314
316
3138
320
322
324
326
328
330
332

NOOE
TYPE

branch
valve
tm.dp.vol.
branch
annulus
branch
single vol.
single jun.
pipe

single Jjun.
single vol.
pipe
branch
singls Jjun.
annulus
single Jjun.
annulus
branch
branch
branch
branch
branch
branch
branch
pire
branch
branch
branch
branch
single
pump
pipe
singlae
pipa
singlae
pipe
branch
valve
branch
valve
branch
valve
branch
valve
branch
pipe

vol.

Jun.

June.



TABLE 3.1 RELAPS/MOD2 model descriptjon (nodalization). (Cont.)

CONCEPT

Pressurizer
Pressurizer
Pressurizer
Containment
Cold leg -
Pressurizer
Pressurizer
Pressurizer
Accumulator
Accumulator
Accumulator
Accumulater
Accumulator
Reload wate
Emergency ¢

NOOE

NUMBER

relief tank (water volume) .ceceeesosoe
relief tank (steam volume) ceecovses
relief tank rupture disSc seevecosssns
atmosphere 0000000000080 000es00000T80
spray line cONNECtiOnN cescovosonosons
epray 1ine (UP) cevseososvccccncnssos
SPra8Y VEBIVE citvesssonsonsnsensssonsces
spray line (down)
discharge 1ine cvcevroscsscscsonsosse
iso‘ation Va]ve Secoeseressasrs e e
disCharge 1iNe coveveseserssssnnnnss
discharge line check valve tcceveese
rstorage tank ® & 0 0 0000000009 LSEOEDN OIS
cre cooling system (PUMPS) ceevcocnne

LAE B B BN N BN BT BN BB B B R RN A BN 3

SECONDARY SYSTEM

downco
douwnco
riser
separa
separa
csepara
first
first
second
second
feeduwa
feeduwa
turbin
turbin
motor
motor
1ine
Steam line
Steam line
Steam line
Steam line
Steam line

* - - - Ll
OO OHOOMG DG
-

CuuLLLVLLLLOWY
*

@

MEP secvvvvsovessecsesesssesscsnssssnsace
mer - riser Connection L I I I I A A Y
LOP creeveretsvrrcencoercacnsersannasn
LtOr DYPEBSES covtveceoctscncscsssscsnne
tor ocutlet steam volume ceovervvoces
dryer S0 P00V OOOINIROIOOENLOIOIOORNOIOOIEOIOOIOOTE
dryer draining Pipe cececeecoscocvnne
dryer (orifice plate)
dryer draihihg Pipe sesevs0es0 st

ter tank L2 2N B BN B BE N BN BN BE BN BN BE BN BN BN BN AN I R BE N BN RN BN AN J

® 9 00 000000020

ter “’“'OU ® 6 0 8 0 0 P O OO OB O OO OO OIS e N
e~driven pump FW2 suction tank ¢eeoee
e=driven pump FUW2 junction cecesceens
pump suction taBRK ceceescscsssccrocen
Pump JUthiOh S0 0 ses et NSO EELRIPLITOEYS
(S.G. outlet)

O 0 688 000000058000 OCI P OO ORNOEIOESEEODNINDOSNDLDS

5 ¢ ¢ 00800080008 b0 R0l

isolation VEIVE cescectocrssorennssse

0 00 4002000000000 2000085200000 00000000

Turbine trip valve LR NN I B BN BN I B B RN N RN N B NN BECRE N R I AN B B N BN R BN

Steam line

Main Stegm control valve ececescescsvvcscstssrans

Turbine se 0
S.G. safety
S.G. safety

valve 1
valve 1 discharge 1iNe svesvessssaens

Environmental atmoSPhere cceccscosorsssccsccncne

27

334
336
338
340
349
350
352
354
600
605
610
620
630
650
655

450
455
400
410
440
420
424
426
430
428
444
445
448
449
456
457
500
502
504
906
508
310
o212
513
S14
516
540
942
560

NOOE
TYPE

branch
branch
valve
tmodePoVOI
single jun.
pipe

valve
branch
accunulator
singl wvol.
valve:

pipe

valve
im.dep.vol.
tm.dep.jun.

annulus
single jun.
pipe
cseparatar
branch
branch
ceparator
branch
separator
branch
tm.dep.vc]
tm.dep.jun.
tMOdQP-Vﬂl
tm.dep.jun.
tm.dep.vol.
tm.dep.jun.
pipe

branch
branch
valve
branch

pire

valve

singl! vol.
valve
tm.dep.vol.
valve
branch
tm.dep.vol.



TABLE 3.1 RELAPS/MOD2 model description (nodalization). <(Cont.)

CONCEPT NOOE

NUMBER

S.G. safety valve 2 sretsscsecss et sssrsessssone 544
S.G. safety valve 2 discharge 1ine ceveesssceese 346
Environmenta) atmosphere cececesscocccosseesseee 361
SOGC Safety Valve 3 000000 PPEtB e PR EIEOIIOOEONOROEORTOODN 548
S.G. Safgty valve 3 diSCharge 1iNG sevevecsescae 550
EnVirnannta] atmoSPhere Se P00 s esess 0GR GOIOOOE 562
S.G. safety va]ve 4 ® S O 8 00 0 00PN OO OILEEIEIEBEELEOSSIDS 552
S.G. SantY valve 4 disCharge 1iNn@ coeccccocccsne 554
EnVirﬂannta] atmosphere o}ooooocoo.o-oa.oo;oogo 563
AFUS FW2 steam consumption (injecting) ececececes 439
Environmental atmosSPhere cceccecsccssecscecsvssses 460
AFWS FW2 steam consumption (not injecting) ..... 461
EnVironmontal atmosphere TR R Ry 462
Steam Pelicf line 000000000 0000CONRRIIOIGROIENCOIOIORTOITPCDILDS 518
Steam relief line to the atmosphere seeceeccoess 320
S.G. reliaf valve 1 (to the atmosphere) ........ 322
S.G. relief valve 1 discharge 1ine ceeccessccces 324
Env‘ronmenta] atmosphere 0000000000 ICPIOIBOGROIOOOIEOGDS 564
S.G. relief valve 2 (to the atmosphere) ceeecoces 326
S.G. relief valve 2 discharge 1in@ seeecoccceces 528
Environmental atmosPhere sseescccsoscccscsssesss 963
S.G. relief 1ine to the condenser secceceesscecse 330
S.G. reliaf valve 3 (to the condenser) .ecescecees 332
S.G. relief valve 3 dISChargQ 1iNng seecesccccene 534
Condanser 15012tion valve seecercsscescccesssese 336
condeﬂser 0 8600060 0000000606008 0000000000000 00600000 538
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NOCE
TYPE

valve
branch
tm.dep.vol.
valve
branch
tm.dep.vel.
valve
branch
tm.dep.vol.
tm.dep.jun.
tm.dep.val.
tm.depejun.
tm.dep.vol.
branch -
single vol.
valve
branch
tm.dep.vol.
valve
branch
tm.dep.vol..
branch
valve
single vol.
valve
tm.dep.vol.



62

TABLE 4.1 Stabilization system actuation logic

EEREARBAARNERARRRERAAARRESRRISRR SRR R A RAAARNRRRAARRARRR R R BB RR R AR AR RN R R RRRRRARAAARRA AR AR R AR AN NS S SRS NS4

. » »
: VARIABLE TO BE FITTED * CONTROL SYSTEM ACTION »
ttt‘t‘t#t‘t####tttt#*tt#tt‘ttt#ttttttt##t###ttt#tt#:t#ttttttttttt.tttti#‘*l#t##‘#t#ttt#t#tt###tt#tt#t#:
. » »
» Primary pressure * Time dependent volume connected to the *
» * pressurizer steam dome *
. . » »
ERRBERERRRRRRRRRRERRRRR AN RARRRRRRBRRERRRRRR BB AR R R RN RN R R R R R A AR RN R AR NN R AR AR R AR A AR AN AR AR AR RS R AR AR
* ” »
% Primary coolant average temperature * Main steam control)l valve modulation *
»
:tmtttttttttattttmttvmttmtttttntttattttot.t.;tttttt:ttwo:wattttaa*vttttttttytottttt-o:..m...:q.nto..q.;
* *

: Primary system mass flow rate * Reactor coolant pump speed modulation :
:ttt‘#tttttt#t###‘t‘#tt##t#t"#0t#ttttt#tttttt#tttt:tt*tttt#ttt*tttt.t##.tt‘tt#t#tttll#‘##ttt##t##t##tt
» "

: Pressurizer level * Make-up and let-down (CVCS) modulation :
:#‘t‘t‘lttt‘ttt#ttt#tt#ttt0##‘tt#####tt#t#ltttt#t#t:ttttt#tttttttt#‘t#ttttt#ttt‘tttttt#t#t#t#ttl#t#tttt
. * *

: Steam generator downcomer level » Main feedwater modulation :
:tttttttttt#*t#tttt#tttt#t#titttt###0#####t#0tt#ttt:#t#tt‘tttttt‘tttt‘#ttto#ttt#tttttttttt#t#*t##tt*ttt
» » . »
. *

: Primary - secondary temperature difference. : Parametric analysis of the hydraulic diameter *
» Steam generator pressure : :
:tt#t#‘tt#t*#ttttttt#tt####t‘t#t‘tt‘lt#‘ﬁ*tt#’tt‘##0#t#tttttt##tttt.t.!tt#‘t‘tttt#tttt‘ttvt#tttt#tttttt



TABLE 4.2. Description of the steady state analvsis fiqures.

ElG SUBJET

SS.1 Reactor pouwer (w)

§S.2 Pressurizer praessure (Pa)

$5.3 Steam ganerator pressure (Pa)

SS.4 Primary coglant mass flow rate (Kg/s)

$§S.3 Stabilization pump velocity (Rad/s)

SS.84 Pressurizar collapsed liquid lavel (%)

SS.7 Stabilization make-up mass flow rate (Kg/s)

SS.8 Stabilization let-down mass flow rate (Kg/s3)

SS.9 Steam generator downcomer collapsed 1iquid level (m)
SS.10 Stabilization feedwater mass flow rate (Kg/s)

SS.11 Primary coolant average temperature (C)

§S.12 Stabilization main steam control valve mass flow rate (Kg/s)
$S.13 Staeam generator circulation rate
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TABLE 4.3 Steady state results at nominal conditions.

b

‘.“0“‘.‘#‘.*‘##‘#“#t##““.‘.#i!‘#*t####*#t0#‘##‘###t*‘.*l#*‘*###0“‘!#.########l!ttt##.##i...#“

* " * * »
» Variable # Units =»= JOSE CABRERA * RELAPS/MOD2»*
* » : * (measured) =*(calculated)»
* ] * . »
SEIBRBRRERERERRRARNARRR AR R RR AR AR R BN AR AR R AR AR RN AR AR AR RR AR RN AR AR B RN R AR R RN RS AR R kR Rk f
. » * » *
* Reactor power ’ = (Mw) » 510.00 » 510.00 »
* » » . .
* RCS average temperature »  (0K) » 566.60 * 566.60 *
L » * L ] »
* Pressurizer level » (%) » 67.00 » 67.00 »
» » » » *
* Pressurizer pressure » (MPa) » 13.82 » 13.82 »
* » » * »
* RCS mass flow rate * (Kg/s) » 3605.00 » 3605.00 »
. » . » .
#* Reactor coolant pump speed * (rpm) » 990.00 » 995.00 *
* » » . »
* Steam generator pressure = (MPa) » 4.63 » 4.63 »
» » » » .
#* Steam generator circulation rate * (=) » 3.34 » 3.34 »
. » » . »
* Steam generator collapsed liquid level s (m) = 8.68 » 8.67 »
. * ' * * »
* Steam flow rate * (Kg/s) » 266.40 » 265.90 »
» » » * *»
* Feedwater temperature *  (QK) . 477,00 : 477.00 »
. » » »
Il I TN I NI I T T eI I I e e L eI



TABLE S.1. Description gf the transjent analysis fioures for
[<ALD), IICARB), and :

VRPNV BWN - E

£asaes ) 11CARR) 111¢A88).

SUBJET

Reactor powar (w) .

Primary and secondary prassure (Pa)

Primary coolant mass flow rate (Kg/3)

Sacondary systam mass flow rates (Kg/s)

Steam generator ralief and safaty mass flow rates (Kg/s)
Integral steam mass from the S.G. to the atmosphere (Kg)
Break and ECCS mass flow rate (Kg/s)

Break void fraction (=)

Balance of mass in the primary system (Kg)

Praessurizer collapsed liquid level (%)

Liquid fraction in the "up" part of the steam generator tube
Liquid fraction in the "douwn” part of the steam gensrator tube
Steam generator downcomer collapsed liquid level (m)

Liquid fraction in the staam generator riser (=)

Liquid fraction in the steam ganerator douncomer (=)

Liquid fraction in the "down" part of the loop seal (-)
Liquid fraction in the "horizontal" part of the loop seal(-)
Liquid fraction in the "up" part of the 10o0p seal (-)

Core collapsed 1iquid levael (m) :

Core liquid fractions (-)

Primary coolant densities (Kg9/m3)

Primary coolant temparatures (K)

Primary and secaondary temperatures (K)

Primary coolant average temperature (C)

Delta temperature in the primary coolant (C)

Average channel cladding temperatures (K)

Mass arror (Kg)
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TABLE 5.2.

KEYWORD

Yarjables jdentification jn the transient figyres.

CONCEPT

- — v —— P T T T T T T B T e e ey T Ty O - o o~ - - -
2 323223 4+ 2424 24t R I 2+ 2+ 4t 2+ 242 2t 2+ $ 3 S F L T S S s 4 3 32t 433 4 3 3 4+ 5

MFLOWJ
MFLOWJ
MFLOWJ
HTTEMP
HTTEMP
HTTEMP
HTTEMP
HTTEMP
HTTEMP
VOIDF
VOI10F
VOIDF
VOIDF

312020000
100010000
165010000
430010000
312010000
100010000
110010000
130010000
165010000
211010000
207010000
430010000
100010000
142010000
165010000
163000000
100010000
163000000
165010000
243000000
630000000
655000000
457000000
514000000
522000000

526000000
536000000
209100110
209100210
209100310
209100410
209100510
209100610
140010000
142010000
144010000
207010000

Pressurizer pressure

Hot leg pressure

Cold leg pressure

Steam generator dome pressure
Pressurizer liquid temperature

Hot leg liquid temperature

Steam generator inlet temperature (primary)
Steam generator outlet temperature (primary)
Cold leg liquid temperature

Core lower plenum tiquid temperature
Core upper plenum liquid temperature
Steam generator dome temperature

Hot leg density

Loop seal density (horizontal part)

Cold leg density

Break flow density

Hot leg mass flow rate

Break mass flow rate

Cold leg mass flow rate

Core inlet mass flow rate

Accumulator check valve mass flow rate
Safety injection system mass flou rate
Steam generator AFWS mass flow rate
Steam flow to the turbine

Steam generator relief to the atmosphere
mass flow rate (valve 1)

Steam generataor relief to the atmosphere
mass flow rate (valve 2) :

Steam generator relief to the condenser
mass flow rate

Average channe)l cladding temperature
node 1 (bottom)

Average channel cladding temperature
nocde 2

Average channel cladding temperature
node 3

Average channel cladding temperature
ncde 4

Average channel cladding temperature
node S

Average channel cladding temperature
node 6 (top) .

Liquid fraction in the locop seal

(down)

Liquid fraction in the loop seal
(horizontal)

Liquid fraction in the loop seal

(up)

Liquid fraction in the core upper plenum
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TABLE 3.2. Varjables jdentification in iransjent f .
. lhe figures.

KEYWORD CONCEPT
R R R S S S S S e s e R e S Y S S s s e s I I I S S TS e
VOI1DF 209010000 Liquid fraction in the core node 1
(bottom)
VO1OF 209020000 Ligquid fraction in the core node 2
VOIDF 209030000 Liquid fraction in tha core node 3
VOI10DF 209040000 Liquid fraction in the core node 4
VOIDF 209030000 Liquid fraction in the core node S
VOIDF 209060000 %:qu:d fraction in the core node 6
op
VOIDF 400010000 Liquid fraction in the SG riser node 1
(bottom)
VOIOF 400020000 Liquid fraction in the SG riser node 2
VOIDF 400030000 Liquid fraction in the SG riser node 3
VOIDF 400040000 Liquid fraction in the SG riser node 4
VOIDF 400050000 %:qu;d fraction in the SG riser node 5
opP
VOIDF 450010000 %:quid fraction in the SG downcomer node 1
op
VOIDF 430020000 Liquid fraction in the SG downcomer node 2
VOIDF 430030000 Liquid fraction in the SG downcomer node 3
VOIDF 450040000 Liquid fraction in the SG downcomer node 4
VO1DF 450050000 Liquid fraction in the SG dowuncomer node 5
(bottom)
VOIDF 120010000 Liquid fraction in the SG tube (up)
VOIDF 120020000 Liquid fraction in the SG tube (up)
VOIOF 120030000 Liquid fraction in the SG tube (up)
VOIDF 120040000 Liquid fraction in the SG tube (up)
VOIDF 120050000 Liquid fraction in the SG tube (down)
VOIDF 1200860000 Liquid fraction in the SG tube (down)
VOIDF 120070000 Liquid fraction in the SG tubs (down)
VOIDF 120080000 Liquid fraction in the SG tube (doun)
VOIDGJ 163000000 Break flow void fraction
PMPVEL 150 Primary coolant pump valocity
" RKTPOU O Total reactor power
CPUTINME O CPU time
EMASS 0 Mass error
CNTRLVAR 2 Pressurizer collapsed 1iquid level
CNTRLVAR 3 S.G. douncomer collapsed liquid level
CNTRLVAR 4 Primary coolant average temperature
CNTRLVAR 19 S.G. riser collapsed liquid level
CNTRLVAR 22 S.G6. safaty valves total flow rate
CNTRLVAR 23 S.G. safety & relief total flow rate to the
atmosphere
CNTRLVAR 24 Integral of the steam fiow rate from thc S.G.
to the atmosphere
CNTRLVAR 25 Core collapsed liquid level
CNTRLVAR 28 Total ECCS fiow rate
CNTRLVAR 29 Integral of the ECCS flow rate
CNTRLVAR 30 Delta temperature of the primary coolant
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TABLE 5.2. identification s
!n%uﬁ_l.% n in the transient figuyres.

KEYWORD CONCEPT

P 3t T T3 3t 11+ttt Tt TRt ¢ttt T 12ttt 2ttt ¢+ 4+ 3 ¢+ 3+ $ 3+t 3 32 3+ + <+ 4 3 3+ 3+

CNTRLVAR 38 Total S.G. feedwater flow rate

CNTRLVAR 43 Integral of the break flow rate

CNTRLVAR 45 Integral of the safety injection system
(pumps) flow rate

CNTRLVAR 46 Inventory in the primary system
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TABLE 3.3. Chrongloay of events for case ICA).

Event (Cold leg SBLOCA 4" without recovery)

cold leg sma]] break 05 000002000 O OSSO OO OERPOONOECPREDNSONTPSY
B‘aCk-OUt S0 0000000000000 0000000000000 00000000000O0O0OC
Reactor coolant pump start to co0astdouwn seeecececeress
Main feedwater pump start to coasStdown ecocescccesrcess
S.G. turbine driven pump consumption starts sceccceces
Reactor trip signal on louw primary flow ccevscecececcs
Turbine trip signal on black=o0ut cecececcceocccccsccne
Reactor trip signal on turbine trip cecececccccceccnnee
Reactar coolant pump (RCP) breakers opening scescececee
Reactor trip signal on RCP breakers opening ccececcccse
Reactor trip signal on variable low pressurizer
PreSSUTE secccecrrvrcrevocsrocstosssccsrscscsssocscsccscccsce
Reactor trip signal on fixed low pressurizer

PrESSUNE cevccvsvcvccrsscsreovoroccncssnsosnssecscsaneossce
Reactor trip signal on SG low level (NR) & mismatch ..
Safety injection signal on low pressurizer pressure ..
Reactor trip Signal on "“S" Signal s0es0reeserseenssene
Reactor trip signal on S.G. 1ow 1ow level (NR) ceecees
End of subcooled d15Charg. sSeseserssesesrs s e eBRROROOOS
S.G. Saf.ty valve first Dponing e0000sssssrsesetsRORES
S.G. down tubes ends of draining ¢ts0 0000000000 OO RYYS
S.G. up tubes ends of draining scesesvcecvssccscconnen
LDOP 882] Cl@3raANCE covovcscercvssssssccssssssossscscsssas
Primary pressure under Sacondary PresSsure seocccesscse
Primary pressure under accumulator set-paint ceccecese
S.G. turbine driven pump injection starts ccocscoccene
S.G. motor pumps injection starts seccecvccccccvevcnns
Safety injection system pumps injection starts .ccese.
Accumu‘ator diSCharge 3tArtS ccvveccsosccscesssssrnnens
Rccumu‘.tnr d15Charg. BNAS cecevcscssssrsesscsscossscnses
COP. h‘.&‘up Startup 0000000000 E000OOOGIOIOIOOROIDOIIOIOOIROTOD
End Df QE‘nSient © 06 00 600000000060 0060000 00000000 0cssLIETBLE
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TABLE 5.4. Chronology of events for case 1ICA).

Event (Cold leg SBLOCA 2" without recovery)
=

Ft 3 t 3 3323 213+ 2+t Pt 43 2 3232 1 32423ttt S F 3 s £ 2 3 43+t 2 1 22 1

co'd leg smal] break 0 00000000 NPT SOOI ELIOLIEOOODNODNOEOPIINPOEDS
B]aCk-OUt 0 000 0000000000 OIOEELL0LNILILLOOIIGOOCEIBOEONNOTNOROLLE
Reactor coolant pump start to coastdowun sseeescescvscs
Main feeduwater pump start to coastdouwn ccveecscancance
S.G. turbine driven pump consumption starts cc.coeesses
Turbine trip 519031 On black=0ut ceccssccscscvsoscsccns
Reactor trip signal on turbine trip eccesvesvrcscvrnsnrn
Reactor coolant pump (RCP) breakers cpening seescecces
Reactor trip signal on RCP breakers opening ccescecece
Reactor trip signal con low primary 10U scecececccosee
Reactor trip signal on SG louw level (NR) & mismatch ..
Reactor trip signa) on variable low pressurizer
PPrESSUMNE secvevcesoscsscsnssscsvosocssvcsnscsesscsosnsstocssosne
Reactor trip signal on fixed low pressurizer

Pressure ® 0 0 0 8 Q0O 000 PG ONO PO OE NSO OO0 PO EEONEEENIOEOEODNEEINDS
Reactor trip signal on S.G. louw Tow level (NR) scecvoe
Safety injection signa) on Jow pressurizer pressure ..
Reactor trip signal on "S" signal cieecescseecnananans
S.G. safety valve first OPENING cocesccsccssrrosscssnes
End of subcobDled diSCh8rge cccccccsoocerscvvcccosovcss
S.G. down tubes ends of draining cececvcseacscssscccene
S.G. up tubes ends of dr8ining seccevccrccscrcsvscvene
Lnop seal CIearance @ 0 6 0. 008 00 00 00002V NOR OO N OO RPONNIPOEEEPOS
SOGO Safety Valve last C]OSUPQ 90 00 00000 2 COOEOIBOIPLEOLIEOEDLS
Primary pressure under SeCONdary PresSuUfe ssssessssves
Core heat’up CStArtUP coecvvesvvcscccescnsssvecsscnsssocnce
Primary pressure under accumulator set=point scceevceee
S.G. turbine driven pump injection starts sssesocecece
S.G. motor pumps injection starts cecececesssvccscrcne
Safety injection system pumps injection starts seceess
Eﬂd Uf tranSient P I N I N I A A S A A A A N I I A I A AN BN A

37

Time (s)

0.

Y L -
- runowm
N

*

* ®

oSN N N=O0O0O0O
L J
NN~ 00 O

9.3



TABLE 3.3. Chronology of events for case I1I(A).

Event (Cold leg SBLOCA 1.5" without recovery)

S S S S S S S e e e e R s E s s e S S I T S s s s s s T e e

Cold ‘Qg small break S e 0 e P00 ILsest00tIORCERIOIOOIROIORDS
BlaCR-out LI R I I I R S O
Reactor coolant pump start to COAStdOWN ceveeveccncnes
Main feesdwater pump start to C0a3tdouWwN ececsvscvcscsccnne
S.G. turbine driven pump consumption starts ceeevecess
Turbin. trip Signal on b‘aCR-out Sec0ersssessevesevsen
Reactor trip signal on turbine tripP eeeceocescsscssces
Reactor coolant pump (RCP) breakers Opening cceeceesces
Reactor trip signal on RCP breakers OPeNing ececcescces
Reactor trip signal on 1ow Primary fl0W ceccossecccses
Reactor trip signal on SG low level (NR) & mismateh ..
Reactor trip signal on S.G. Jow low level (NR) cescees
Reactor trip signal on fixed low pressurizer

PPRAB3BUNRE ssveootovessnarsossesssossssssocsoncssonssssosssoese
Safety injaction signal on low pressurizer pressure ..
Reactor trip Signal on "S* Signal se000cee0000s st
S.G. safety valve first OPANING sesssesccscsscsccsnscenase
End of subcooled diSCharge s 000000000 s ettt 0000 0
S.6. doun tubes ends of draining cteecscerercavreserones
S.G. up tubes ands of draining eeveececcsccsccncsccnne
Loop seal C‘Qaranc‘ 400000 GEOIEIIOIOIOIEOIOGEOEOIORSOIBOOROIENTORES
SOG' Safetv Va]V. Iast C]OSUPO 0P PSSO OCOSIPINOEOSOOEEOESLIOERNOEOLONPODS
Core hsat-up SLtAPLUD veevvevesscesccnssscntosnsrennens
Primary pressure under 3@coOndary PresSSUPe cecesccrcsss
Primary pressure under accumulator set-point ceececess
SOGO turbine driven pymp inJQCtiOﬂ Starts coecovcrvoace
S.G. motor pumps injection Starts cccccsecrecersncscen
Safety injection system pumps injection starts seecese
Accumu‘ator diSCharge StArLS ecveevcersosvtrrosrsccocnee
Accumulator diSCharge BNJS coevevvcscrersesscsscsacsnes
Cor. qu.nChed 00 0000000 EIOELOLORELIOIOENOROEOOOOOOROEOOREES
Eﬂd Of traﬂSient © 020 00008000800 0000000000000C0OCRRIOINIEETS
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TABLE S.6. Chronoloaqy of events for case J(B).

Event (Cold leg SBLOCA 6" with recovery)

Cold leg small break seeeccecetosescrescososonessssssscs
B]aCk-OUt © 0 86 0000 0 UGN EINEEIONLNE0 L0000 OIOGOOIOIRIROINOSIOOORGEES
Reactor coolant pump start to coastdown ecoooovvccscce
Main feeduater pump start to coastdown cecsvescccnncss
S.G. turbine driven pump consumption starts cececeocee
Reactor trip signal on Tow primary flow ceccescscecccsns
Turbine trip signal on black=0Ut +scceccrsccsscncsoncas
Reactor trip signal on turbine tPrip cecccecccecsccccces
Reactor coolant pump (RCP) breakers opening ecscecesoee
Reactor trip signal on RCP breakers opening scscvescens
Reactor trip signal on variable low pressurizer
PrESSUIMre s v escvcescesesosoesesesststscsssnescsosnsonrnecessen
Reactor trip signal on fixed low pressurizer

PrESSUNe csececevoscvrsescrosrosscsrscesoscscsccscssscsccscscsons
Reactor trip signal on SG low level (NR) & mismatch ..
Safety injection signal on low pressurizer pressure ..
Reactor trip signal on "S" signal ccerveecsesccvosovscans
Reactor trip signal on S.G. low low level (NR) cceosses
End of subcocled diSCharge S0 e st sIIRIIEIBILENYISEOOIOERIENIEOGEES
S.G. safety valve first oPening cccecssccsscsossccvess
S.G. down tubes ends Of draining sessceccosssssssccsce
S.G. up tubes ends of drainiﬂq e s s s IIsN GO GOIIREIOILES
LOOP Seal C]earance 0600600 0008006808068 000808 CLELOILICOEEESEDN
Primary pressure under secondary PreSSUlre osesseerccece
Primary pressure under accumulator set-point seeececes
S.G. turbine driven pump injection starts cecvesevscace
S.G. motor puUmpsS inJectiOh 6tarts cesecvesserscenssosae
Safety injection system pumps injection starts ecesceee
Firet accumulator discharge startSeccececcsscsovscesnns
First accumulator discharge eNnds eccosescosscccoscseres
Second accumulator discharge starts ceoeescsccvrovcnne
Second sccumulator discharge ends ececeocsocovcccsceccnns
Core h."-up StEBPLUP ecvevesrnensssscssccstorcssscoscssnes
En& Of‘tﬂanSient 0 0 e P 0 000 PO LR E000EO0O0ROBROIENIOOOIOIEOYS
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TABLE 5.7. Chronoloay of events for case 11(B).

Event (Cold leg SBLOCA 2" with racovery) Time (s)

R S S R S S R S e S S RS S S SRS NS SRS SN SNSRI ESRESISSNEaE S

Cold \09 small break N N N N R R R R R R T 0.
B]aCk-OUt $ 000080000000 00000000 080600800080 00000600000080 00
Reactor coalant pump start to coastdown ceesesveceeses O
Main feedwater pump start to coastdoun cceeeccceccsssse O
S.G. turbine driven pump consumption starts seesccecsecs O
Turbine teip Signa‘ oh black=out coveevesesssensssnnse
Reactor trip signal on turbine trip cescsccescocvcnses
Reactor coolant pump (RCP) breakers opening eeecceccoes
Reactor trip signal on RCP breakers opening ceececesss
Reactor trip signal on low primary floW ecococscescosce
Reactor trip signal on SG lou laval (NR) & mismatch ..
Reactor trip signal on variable louw pressurizer
Pl‘ﬂssure P 0 06000000 0600000000600 0006002000000 0P0080PORRESLOIDS
Reactor trip signal on fixed low pressurizar

PreSSUr8 s sesesessescscecsssscctoscssssososrososscssssvsosocse
Raactar trip signal on S.G. 10w low lavel (NR) eeeeace
Safety injection signal on louw pressurizer pressure ..
Reaactor trip signal on "S" 3ignal seeescsssnceresccsne .
S.G. safety valve first opeaning cvecececcccescssoccrss 110,
End of subcooled discharge seeceeccsesscrssoncocrssses 120,
S-G; down tubes ends of draining eseccsesescsocrovecsces 520.
S.G. up tubaes ends of draining secerscecssecnreesccees 800,
LOOP Seal c‘earanCQ e 0 0060 0s 00 I ONIOIOLOIOEIOROEOOOIEOROIOOROEOORES 1300.
S.G. safety valve ‘ast ClOBUPrE seccsonvssccsesvrvsensse 1370.
Primary pressure under 3eCONdary Pressura scceeceseees 1460,
cnrﬂ heat-UP Startup 60 60000800 000 ELISESNCEOONRIOINOEOIEOSIDIPOGTOIES -
Nanual SOGQ "bleed“'starts 00 6 000NN OOENOEONOIOENSES 19000
Primary praessura under accumulator set=point cecoeesees 1960,
S.G. turbine driven pump injection 3tarts cecvececcces =

S.G. motor PUMPS inJﬁction 8tarts eccsececesvcccsssecosen -
Safety injection system pumps injection starts ceeeeese =
Accumulator discharge starts ceecesssrccscscsnccscsces 1960,
Manual S.G. "bleed" ends due to low accumulator )
leve' .".Q...0.0.I.'00000.000000.....00'..00.0..0.000 2200.
Accumulator discharge 8NAd3 creeosssosccesscscscessosss 2200.
End Of transient T 0 0 00 0 00 0 00 OO P T OO E PO SO OL O OLESSOPEONOPEDN 2300.

(=

NPT YT YY)
o

GUINN ® o

VO~NUB N N=O000
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TABLE 5.8. (Chronology of events for case III(B).

Event (Cold leg SBLOCA 1.5" with recovery)

- o - -
3 3 1 f 23+ 2ttt 2 232433 3 $ 3 3+ 332222t 1 S 33 X33 F 4 3 33 1 1 2+ 2 22 £

cold leg sma]‘ break 0 60 ¢ ¢ 00000 OL OO OIOIOOIOEOSEDPEOEOLEOSOEDPONDODS
BIECk"OUt O 0 0 O 008 00 0 0O OO SO ON PN OOLONIYNEONSEOEPEOOLOEOLEOENSTDS VBSOS
Reactor coolant pump start to coastdown seeecccscssces
Main feedwater pump start to coastdown cecececacesncss
S.G. turbine driven pump consumption starts eccocscccecs
Turbine tPiP Sigﬂa' on b'aCk-out s 0000 scerse0rcceeroe
Reactor trip signal on turbine trip cecesocsccssssnnse
Reactor coolant pump (RCP) breakers opening eccecocecos
Reactor trip signal on RCP breakers opening seeesesece
Reactor trip Signal on low Primary floWw ceevosvvocaces
Reactor trip signal on SG low level (NR) & mismatch ..
Reactor trip signal on variable low pressurizer
Pf‘essure LI B B I A BN BN BN N B NN BN RN BN NN NN BN RN B EY BN BN NN RN R BN AN BN N R R R N R N NN R BE 3R N BN B BN N ]
Reactor trip signal on S.G. low 1ow level (NR) ccceose
Reactor trip signal on fixed low pressurizer

PreSSURE osococvoscsctssersosssssesccsecrcssssssosacoscsccsoose
Safety injection signal on low pressurizer pressure ..
Reactor tPiP Siﬂnal on ug Sigﬂa] S0 e 0esescseteresebo e
S.G. safety valve first OPENING veosesssvssvccssnssocs
End of subcooled discharge seescessocscesesssssssensss
S.G. down tubes ends of draining seceeccoccsscessossce
S.G. up tubes ends of draining tev 0t sescsss00 00000000
Loop sea] C]earance P 0 8 00 00 00 00O PO O P OO EON PO O OO eSO DN O
S.G. Safety valve last Closure eebseerss st 000t
Core heat-up Startup 0 0000 EP S PEOLOEOGEOEINOROOIOEOOOEOROIOOES
"anual S.G. '.b]eed.. starts R I I B B RN B BN BN BN B BN BN BN B B BN BN B RN BN BN NN B BN )
Primary pressure under accumulator set-point seoeesses
Accumulator discharge starte eseveccevocessccssrsosssenecs
S.6. turbine driven pump injection starts ccececcccesn
S.G. motor pumps injection starts seceosssorecsessscns
Safety injectiocn system pumps injection starts cececens
Accumu‘.tor diSCharge €NAdS secesvocecrsrecrsesessesnssnes
'?anu?lls‘G. “"bleed" ends due to low accumulator

eve C BB OO0 0000 000 0000000 000608000 0000000008000 OCI0O0COC6O0TO0IDL

End n{ tranSient LK 2N B BN BB B I B BN B BN B BN BN BN BN BN BN BN BN K DN B BN BN BN BN BE BN BN BN AN J
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TABLE 6.1. Run statistics.

CASE €000 0L OP IO LIIENOILIOCEOIOIONOENOEOIOIOIOIRNOEEOELOILE II(A) e e0 0000000 I(A)
COHPUTER LRI RN B S Y R AN I S AN BN A ) CYBER 180/810 ' CYBER 180/830
CPU TI"E (S) S0 B0 LN NNOIIBOIOIOELISIOIELLIIGTS 207918 ss 0000000 104476
REACTOR TI“E (S) 2020000 000000000000 00000 2500 e oot v 0 2369
C (TOTAL NUMBER OF ACTIVES

VOLU"ES IN THE HODEL) s000 8000000000 109 s00 et 000 109
DT (TOTAL NUMBER OF TIME STEPS) ¢cevesse 50000 secesesess 47380
(CPU E+3) / (C X DT) s e 0000 000000000000 38015 Sse0es o 20.23
CPU TI“E / REACTOR TIHE ed e e eserOr eI 83 sescos0sse0 0 44
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EIGURES

2.1 José Cabrera nuclear power plant representation.
2.2 LOFT facility configuration for LP-SB-3.

3.1 José Cabrera plant nodalization.

S.1 Improved emergency procedure diagram.

6.1 CPU time consumptions on CYBER 180/810 and 180/830.

NOTE

RELAPS/MOD2 figures for the steady state and
calculations are listed in Tables 4.2 and 5.1.
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FIG. 2.1

JOSE CABRERA NUCLEAR POWER PLANT REPRESENTATION.
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F1G. 5.1

IMPROVED EMERGENCY PROCEDURE DIAGRAM.
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APPENDIX SS : FIGURES OF THE STEADY STATE CALCULATION
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FIG. SS.1 Reactor power (uw)
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FIG. SS.2 Pressurizer pressure (Pa)
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F1Gs SS.3 Steam generator pressure (Pa)
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FIG. SS.4 Primary coolant mass flow rate (Kg/s)
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FIG. SS.6 Pressurizer collapsed liquid level (%)
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F1G.

§5.7 Stabilization make-up mass flow rate (Kg/s)
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FIG. $SS.8 Stabilization let-douwn mass flow rate (Kg/s)
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§S.9 Steam generator downcomer collapsed liquid level (m)
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F1G. SS.10 Stabilization feedwater mass flow rate (Kg/s)
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FIG. SS.11 Primary coolant average temperature (C)
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FIG. SS.12 Stabilization main steam contro)l valve mass flou rate (Kg/s)
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§S.13 Steam generator circulation rate
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APPENDIX I : FIGURES OF CASE 1I(A), ¢ 6" WITHOUT RECOVERY)
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