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RELAPS/MO0O2 ANALYSIS OF 4 POSTULATED "COLD LEG SBLOCAY
SIMULTANEQUS TO & "TOTAL BLACK-QUT" EVENT IN JOSE CABRERA NUCLEAR
STATION AS AN APPLICATION OF 'LESSUNS LEARNED' FROM OFECO-LOCFRT
LP=SB=3 EXPERIMENT., DEVELIPMENT OF A MITIGATION PROCEDURE.

eﬁk‘iTB ﬁcI

Several bey-nd~ocesiyn bases cold leg sma'l-bhreak LOCA postulated
scenurios based In the ""lessons learned” in the QECO=-LOFT LP-SB~-3
experiment have veen analyzed for the Westinghouse singie !nop
José Cabrera Nuclear Pouver Plant be'onging to the Spanish utility
UNION ELECTRICA FENQSA, S.A.

The anniysiu has been done by the utility in the Thermal=HMydraulic
& Acciden. Analvsis Section of tne Enginneering Devartment of the
Nuclear Division,

The RELAPS/MOD2/36.04 code has been used on a CYBER 180,830
camputer and the simuylation includes the &' RHRS charging 'ine,
the 2" pressur.zer spray, and the 1.5%" CVCS make-ut 1ine piping
hreaws.

ine assumption of a "“iotal black~out condition' coincident with
the vccurrence of the event has been made 1n order tyu consider a
plant degraded condition with total active failure of the ECCS.

At a result 0of the analysis, estimates of the "time to core
overheating startup” as weli as an evaluation of alternate
gparater measuyres to mitigate the consequences of the evant have
Snei obtained.

Finally @ proposal far improving the LOCA emergency ocperating
procedure (E-!) has been suggested.
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The analysis intengs tao 1dentify the time the operator has in order
to initiste 8 recovery before a core heatup transient starts. It
will also be analized if there is encugh steam generator secondary
$ida inventory in order to “bleed” the system.

The standard "feed and bleed" oprocedure used in LLFT would be
reduced to the "bleed” action taken into account that the "faed"
operation would not be possible in case of "tota! black-out” event
becausr the power operated pumps (main and auxiliary-emergency
feedwater systems) would not be active.

Oue to conservative reasons, no credit is aiven 1o the existing
tarbine driven pump 0of the emergency feeduater supply system that
would be aval'able to "feed” the steam generator and guaruntee 1ts
inventory.

The accumulator of the ECCS Will be considered as available due t=
the fact that it 1s a passive element.






The pressurizer relief lines (322, 326), vaives (324, 328
and collector (330), as we!l as the safety lines (314, 3:18)
and valves (316, 320) nave been simulated. The faur nodes
pipe common safety=relief collector (332) directs 1the steam
discharges into the pressurizer relief tank that  was
simulated as a couple of wvolumes; the bottom one corresponds
to the water part (334) and the top one corresponds to the
steam=nitrogen part (338). The rupture disc was simulated by
a valve (338) having the disc rea! section and an opening
set=point equa! 1o 1ts rupture Pressure. This valve allows
the 6. Charge of steam directly to the containment atmosphere
;13ulatod 4% &4 boundary condition (tire dependent volume
340) .

The primar’ side of the steam generator was modeled with an
inlet plenum (110), the pertion af the tubes in the “"up”
directiun Iinside the tubeplate (11%5), the eight nodes pipe
(12C) representing the U=tubes, the puriion of tubes In the
‘down' direction inside the tubeplate (12%), and the outlet
plenum (130).

The love=sedl betseen the steam generator outlet and the pump
SUCtION Way simulated with three volumes corresponding to the
Vdewn' part (140), 1ihe "horizonta)" part (142) and the "up"
part (144).

The reuctor coolant pump (150) was rapresented using 1the
homol o9t U curves specific for this plant ottained froa
Westinghovse. Tuo<phase factors from LOFT facility were used
10 Simuiate the degradad behavior under abnormal conditions
pf vSld fraction a&s an application of the conclusions of
Kef. V.

The co'd o9 leading from the pump discharge to the vesse!
in'et was represented by a couple of nodes (160, 165).

By applvying appropriate 1oss coefficienis, the specified loop
pressure distribution and flow were achieved.

The emergercy core cooling system was simulated by a coupl~
of SUbY ‘Steme. The passive subsystem ineludes £
accumulatir (600), the discharge line (60%), the isolatior
valvae (610), the three nodes pipe discharge line (620), ard
the check valve (630). By tunning appropriated coefficients
the refarenced Westinghouse accumulator discharge flow rate,
under LBLOCA conditions, was metl. The active subsystem
corresponds 1o the safety i1njection pumps, modeled as a time
depencant Junction (65%5) taking borated water from the reload
Water s'orige lenk (time dependent volume &50) as a boundary
condition. The injection flow has been defined as a function
of thae primery system back=prassure with conservative
assumptions for the line pressure Josses.



Hedtl structures for the accumulator, vessel, core with
aVverage and hot channe's, hot leg, surge line, Pressurizer,
s10am generator piena, U=t bes, loop seal, pump, spray line
and cold leg, have been simulated. In the case of the steam
generator plena, three differeant neat structures have been
consideresd; one connecting each plenum with the containment
atmosphere, one connecting both plena. and one connecting
each plenum with the riser, simylating the tubepiate thermal
structure.

The point kinetic model, including fue) temperature, coolant
temparature and coolant density feed=back Feactivity effects,
has  been selected for the active hedt structures of the
reactor core.

The reactor contro)l and protection systems based on the
functiona)l diagrams corresponding to the real gains and
de'aye measured In the power station have also besn
simulated.

Severa) contrnl veriables have been defined to calculate:

) Pressurirer collapsed liquid level.
Errer in the pressurizer collapsed liquid leve).
Correction to the pressurizer level controller.
Modulated make~up & let=down mass flow rate.

b) Reactor coolant system average temperature.
Ecror in tha reector coolant system average
femperature.,
Lorrestion to the RCS average temperature controller.
Moduiated position of the steam control va've.

¢/ Cold Teg volumetric flow rate.
Error in the ccld leg voiumetric flow rate.
Correction to the RCS flow contraoller.,
Modula:ed reactor coolant pump spred.

d) Steam generator douncomer collapsad liquid Tevel.
Error in the steam generator downcomer level.
Correction 1o (he s'eam generator Jduwncomer leve!
controlier.
Modulated feedwater mavy flovw race.

¢) Circulation rate in the secondary side of the staam
generator.
Steam generator riser collapsed liquid ievel.
Total steam generator relief flew to the atmosphere.
Tots! steam generator relief flow.
Tota) steam generator safetv flow.
Total flow “rom the steam generator to the atmosphers.
Integral discharge from the steam generato: to the
atmosohere.
Turbine driver ATW steam consumption.
Turbine driven AFW mass flow rate.
Mismatch in the secordary system.



f) Core collapsed 'isuid leva',
Tota) ECCS mass flow rate.
Integral accumu ator mass flow rate.
Integral safety injection mass flow rate.
Integral ECCS mass flow rate.
RCS delta temperature.

g) Reactor protection svystem functions.
Reactor contro!l system functions.

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

3.2 SECONDARY SYSTEM NODALIZATION.

Feescduater was simulated as & time dependent juntion (44%),
connected to the upper part of the downcumer, taking warm
water from the 1time dependant volume (444), Feedwater
temperature was sinu'ated as a function of »2lant power from
full power and part load operational data.

Turbine driver auxiliary feeduater pump was rapresented &s a
time dependent junctinn (449, cennected to ‘ha upper part of
the Jowrcomer, taking cold water from a constant tempersture
time dependent volume (44%).

Eme~qgency feeduater motor pumps were simulated as a {ime
dervendent ,unctior (4%7), connected to the lower part of the
downcomer, taking cold water from a constant temperature {ime
dependent v  ume (454).

The steam generator downcomer was simulated by a fise nodes
annulus 7450). The single Junction (4%%) connects the
dowuncomer bottom to the riser inlet. The riser was
represented by a five nodes pipre 400) with the same
elevations as their corresponding 1in the downcome~. The
first four are thermal!ly connected Lo the primary system
{ rough the U~tube haat struct re.

A non-ideal but nearly=-real first separat. r» (410) was
simulated at the top of the riser with specia) detai! in the
carry~over and carrv-under flow characteristics. To do that,
@ geometrizal analysis of the real dimensions of the ciclonie
pathuays in the separators has beer done obtaining the values
of the VOVER (carry~pover) and VUNDER (carry~under) parameters
for the RELAFS separatcs model. A connection (from 410 to
450) representing the separator draining paths has been
provided. The sef . rator bypass (440), connacting the
downcomer and the steam dome, has bdbeen simulated.

By arplying arpropriate loss coefficients in ihe natural
circulation toop of the steam generator (400, 410, 4%0), with
the higest resistance located in the douncomer/riser Jjunction
(45%), *he specified circulation ratio of 3.34 has been met.
Also, by ad'usting the secondary side liquid inventory, tha
measured downcomer leve! Fas been obtained.
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The steam node (420) Corresponas to the volume betusen the
ric'onic separator and the steam drver. The dryer vas
simu'ated as a rneariy-idea) second separator (424) which
alloucd nearly-anly steam (0 escape upwards. The drain flow
path (126) reprusearts the real pipes that connect the steam
dryer to the top of the downcomer.

The steam volume at the top of the steam generator dome has
at its bo'tom an orifice plate that behaves as 4 separator
and %0 1% ras been simulated as an ideal third separator
(430) allowivg enly steam to escare upvards. The drain flew
path (428) revresents the real pipes that connect the orifice
elate 1o the tuvp of the downcomer.

This specia)l evphisis in the simylution of the three
separator stuces, including the rea! definition of the
araining wavs, wre considered to be important in the
analvsis of depress.rizations of the svcondary system due to
steam 'ine breaks. These draining pipes behave in such an
event as o rrcer Syoans leakage pathways for the inventory of
the otesr Sererator . hat leaves .re downcomer without any
cnoling efiect on vhe primary coolant through the
riser/U~tubes therma)l cornsction .

The steam line was dividay iIn severa) parts: the Tour nodes
pipe (300), two 6i ~'a nudes (502, %04), the main steam
isolation valve (506), a sirgle node ( SOB), @ three nodes
pire (510), the main steam coriro) valve (S12), a single node
(S13), the turbine trip valve (514) &nd the time dependent
volume (316) that revresents thae turbine.

The turbine was simuiated as a boundary condition selecting
1ts constant back=pressure high entugh to avoid critica) flow
In the main steam line valves.

The real characteristics and actustion legic of each vuive
have been mode !l ed. Also, by using appropriata loss
coefficients, the specified secondary oressure distridbution
was mat.

The mode! includes the four safety valves (540, 544, 548 and
392) as well as their relief lines (%542, S46. 550 and %54) to
the envirormental atmosphere simulated as constant time
dependent volumes (560, 561, %62 and %63).

The steam consumption of the turt ne driven pune have besn
simulated by time <cependent Junctions discharving to the
snvironmental atmosphere (time dependent vo'umes 4.0 and 462)
for the turtining (459) and turbining=pumping (461. modes of
operatian.



The automatic steam=dump system opirates modulating the
neening of the relief vealve (532) tt the condanser (time
dependent volume S38) through the relief line (530, %534) and
the opening of relief valves (%22 and 9526, te the
environmental atmosphera (time dependent volumes 564 and 54%)
through their relief lTines (%524, %28), looking for the RCS
hot 2er0o poOwer average temperature., There is a common reljef
line (S20) to the atmosphere and a general common relief line
(%18) from the main steam Vine. The valve (536) 1s0late. the
relief line to the condenser in case of loss of offsite
power, protecting the condenser that resulis wunavailable
under this circunstance.

Meat structures for the steam generator vesse!l and internals
have been simulated.

A sensitivity caleulation tunning the hydraulic diameter of
the steam generator U=tubes/riser heat st ucture was done o
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 surport plates |n
the riser. The crossf!w enhgnces the heat transfer
considerably and 1s not taken into account in  the ordinary
heat transfer corrslations.

The tunned hydraylic diameter corresponds t0 a value similar
to the g98p betueen tubes. This value was oOniy used In the
definition of the U=tukas/riser heat structure, maintaining
the real geometric value for the hydraulic cefinition of the
riser.

A summary description of the mode) including concept, node number
and type 1% given in Table 3.1,

The main applications of the mode) are ¢ FSAR accident analysis
review, real plant transients simulation, evaluation of potencia)
changes in Technica! Seecifications, plant personnel training,
support to PSA analysis, etc.
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4. STCADY STATE CALCULATION.

The first step was to qet 2 steady state congition representing the
normal operation of the plant at fyl) pover. The aim was to get
the desired stable condition with the mintmum CPU time consumption.
The simulated control system, that reproduces the real
characteristics of the system in the plant, behaved slouly and vas
not considered the more appropriate for getting the steady state.

For this obJjective & stabi'ization system has been developed
according to the Jlogic of actuation represented in Table 4.1. In
Lhls way pressurizer pressure and level, primary coolant flow rate,
primary average lemperature and steam qenerator pressure and
d?uucomor level arce fitted to the values measy ed in the
plant.

This stabilization svsiem i3 based en proportional-integral
controllers that, with the use of properly selected gains, fits the
System reduci®g to zero, as fastly and stably as possible, the
Cerror signal ' defined as the difference between the desiree and
the calculated value of the controlled variable.

cactor power and feeduater temperature are maintained constan. as
& boundary condition representing the nominal value corresponding
te the norn2l operating condition. For this calculatien the
winetic mode! as not used.

After a 346.% 8. reactor (ime nyll transient @ stable condition far
the controlled mode! has been got. The +/78) state fits thne
sesired full power messured operating conditions. The RELAPS/MOD?2
Code stopped the stasdy state calculation once the stability
condition was acceptad by its internal checking procesdure. Main
resuits are recresented in Fig9. 38.1 1o $5.13 of Appendix SS as
indicated in Table 4.2,

A second step eliminating the stabilization system and introcucing
the reactor Linetic mode! and the real reactor control and
protection system was done getting inmediately the stable
condition.,

As a first apriication ot the model, the simulation of ()1 load
and partia) load (20% to 100%) concitions has been 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 betuaen
the main variables measured and calculated in the steady state
simulation at ful) power.
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S, TRANSIENT CALCULATION.

Far this SBLOCA application the general nodalization could have
been simplified based on enginneering Judgement eliminating those
nodes thatl a"e considered irrelevant in a4 depressurization
transient!

« Pressurizer relief and safety valves.
(316, 320, 324, 228)

= Presasyrizer relief lines.
(314, 318, 322, 326, 330, 332)

“ Pressur.zer relief tank.
(334, 336, 338, 340

Elements neglected by the hypothesis of the transient analysis
tovld also have been deleted!

~ Safeiy injection pumps.
(650, 69%%)

- EFUS turbine=driven and motor pumes.
(448, 449, 4%, 457, 4%9, 440, 46!, 462)

“ $.G relief line to the condenser.
(530, 532, %34, %536, %38

However, in order 10 check the proper behavior of esach component,
the described standard nodalization has been used. Apprepriate

changes in the logic of actuation to avoid their asutomatic
pperation have been provided.

5.1 HYPOTHESIS OF THE IRANSIENT AKALYSIS.
A conservative andiysis of the SB~3 scenaric was done bused on a
best-ustimate code and conservative tiransient boundarvy conditions
as follows:!

a) Decay heat generation rate.

ANS=5.1 (Oct=72) with a multislier factor of 1.20 vas used

b) Heat losses.

Noe credit for the system=to-containment heat losses was
considered. The primary cooiant is the anly heat sink for
the primary thermal structures.

¢) Break.

A quillotine break in & small pipe connected tu the cold leg
of the primary system With a discharge coefficient of 1.0
was simulated as a trip valve (163) connecting the 160-16%
Junction to the containment atmosphere (164) simyulated as a
constant pressure time capencent volume.

13



d) Steam dump system.

Oue to conservativa reasons, no credit for the actuation of
the avtomatic steam dump relief system from the secondary
side to the atmosphere was considered and only safety vialves
were allowad to operate. This system would actuate
avtometically and would coo! the primary system reducing the
average temperature to the hot zero power set point,

¢) Core power distribution.

An axial power distribution peaked &t the top of the core
with a peak to average factor of 1.77 and an axiasl offset of
+ 40% wvas simulated both in steady wtate and transient
conditions.

f) Turbine driven pump.

Its operstion would guarantee the inventory of the stesm
Fensrator by contrelling the downcomer level even under
"black=out" condition. Hewever no credit {s  given to this
avallab)e subsystem of the AFUS because operator
intervention to open an isolation valve is reauired. Due to
the fact that this system s avtomaticaily activated, the
steam consumption corresponding to the turbine operstion
turbining and not pumping has been considered.

%) Black~-out.

A "tota! black=put" coincident with the break Was
considered. This forced the coastdowun of the reactor
coolant and main feedwater pumps. Pouer operated emergency
safety festures (ECCS and EFWS) were considered for this
reason as unavailable.

Hypothesis "a" and '"b" increase the heat source while "¢' and "e"
accelerate the core uncovery.

Hypothesis "d" increases secondary temperature due t0 the higher
set=point of the secondary system safety va'ves in .omparison with
the relief valves. As & consequence of that the primary
temperature 1s conservatively overpredicted.

Mypothesis "f" reduces the estimation of the steam generator
secondary side inventory and downcomer leve!.

Hypothesis "9 has been done to reproduce the LOFT-SB~3 scenariy of
SBLOCA without ECCS pumps cprration.

14



5.2 IRANSLIENT RSEHAVIQUR WITHOUT QFERATOR INTERVENTION. (A)

Three small break LOCA's correspcnding (0 the three lines connected
to the ¢o'!d 'eg of the primary coolant system have bSeen analized.

The corresponiing break s12¢ for the pustulated cases are:

a) case | 6 inch diamater for the RHRS line.

rD

b) case 11 ¢ inth diameter for the spray line.

S inch diameter for the CVCS line.

»—

c) case 111:
A gimulation without any operator intervention has been done in
order to analize the 2assive oehavinur of the plant for sucth kingd
of transients. Corresponding figures without operation
intervention are .dertified in Appencix I, 11, and 111, with the
letter “A" In brakets. The se' of figures for each transient case
1% listed 1n Table S.1. Variable .dentifications are listed in
Table .2,
There are some common ‘eatures for the three cases!

- depressuri2ation of the srimary system,

- aytomatic reacto” trip changing from nomiral power to
derar Heat generation,

- automatic turbine trip on reactor trip signal,
- "8 gignal oh 10w pressurizer pressure,
~ pr.mary covlant pump and main feedwater pump coastdown,

- gsuhcooled, twe whase and only steam discharge through
the creak,

- lpss of inventory in the primary system With reduction
in the core collapsed liquid level,

- core level recovery due to loop seal clearance,
- pressuriz2ation in the secondary systen,

~ voi1d redistribution in the secondary side of the steam
generator with reduction 1n the downcaomer collapsed
liquid Tevel,

- ¢core heat=up.,
However there a~e some differences that should be pointed out:

a) Case JSA), (60 BHRS)

The s12e of the break is big enough to deprassurize directly
the system wunder the accumulator set-point (Fig. 2).e In
fact, 1t cannct be considered as a smal! break but an
intermediate one taking into account that the steam
generator 1s not needed as heat sink during tha transient.

15



b)

The chronglogy of evenis is summarized in Table 2.3, and tre
MBINn resulis are represented in the set of figures of
Appendix |,

The scenario does not Carrespond to the speciiication of the
experiment LP-SR=3 but the analysis Was continued in order
to identify the margin “or core yhcover/ and heat-yp.

The accumulator discharge starts at t = 190 5. (Fig. 7,
in1tiating the recovery of invantory 1n the primary system
(Fig. 9. Once the accumulatior discharge finishes, a
CONtINnUOUS mass depletion s predicted (Fig., 9) uith trhe
simy'taneous reduction .n the core collapsed liquid leve:
(Fig:. 19) that is responsible for the initiation of the
cladding temperature excursion at t = 1480, 3. (Figq. 26).

The potential recuction of tha U-tubes heat transfer due to
nitrogen discharge from the accumulator ‘o the reactor
ceolant system vas Coservea not to be very inportant in this
case considering that the steam generator is not needed as
heat sink during the iransient.

In the seconda y Side & pressure increase without reaching
the safety vaivee set-point 13 predicted (Fig. 2).

RS thers i1s net stean discharge through the safety valves to
the atmosphere (Fig, &, 6), the steam genwurator maintains
118 inventory (Fig. 13) and behaves as © heat source
instead of @ hest sink, This effect 1% clearly r.served
Once the reactor coolant System deprescurizes under the
steam qenerator pressure (Fig. 2) Wwin&h the decay heat
generation rate (Fig. 1) becomes smaller (han the energy
release thirough the break.

Case LlGA), (2" spray ling)

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

The chronology of events 18 summarized in Table 5.4, 2nd the
main results are represented in the set of fiqures of
Ap-wndix [1.

The pressure in  the secondary system (Fig. 2) reaches the
safety valve set=paint at t = 110, $. From this time on the
valve tvcles (Fig. %) in order to compensaty the difference
betueen the decay heat generation rate and the energy
release through the break. Steam release from the steam
generator to the atmusphere (Fig., &) reduces continuously
the steam generator inventory and the downcomer cc)lagpsed
liquid level (Fig. 13).



¢)

At t = 1370, . the safely valve stops cycling due to the
fact that the decay heat generation rate (F1g. 1) Lecomes
smallier than the energy release rate t1Hhrough the breaw,
From this time on, & constant steam generator inventory 1%
observed (Fig. 13) and a continyous cooldown (Fig., 22) and
depressurization (Fig. 2) of the erimary system s
predicted driving the elant to the accumulator discharge
set=point without any opPerator intervention.

The core heat=~up begins at t = 19%0. ¢. (Fig. 26) due to
low c¢ore level (Fig. 19)s This happens before the
accumuiator discharges. The depressurization continues and
reaches the accumylator set=point at t = 2320, .

A conservative analvsis of the core hest=up without credit
for the accumulator discharge has been done to analize the
transient temperature of the cladding.

Case LLLCA), (.20 CVCS) ¢

The primary system behsviour 16 similar to case Il but
slower.The chronology of events is summarized in Table 9.5,
and the main resul's are represaented in the set of figures
of Appendix 111.

A continuous discharge of steam from the safety valve of the
seconoary side (Fig. S5, 6) s predicted during the first
2580, $. From this time on the steam genrerator is not
needed as heat sink and the safety valves remains closed
because the energy release through the break is nigher than
the heat source from the core to the coolant.

At t = 2980, & the core begins to heast=up (Fig. 26)
reducing the heat transfer coefficient to the coolant which,
consecyently, starts to cool (Fig. 22) and depressurize
(Fig. 2), as a result of its energy reduction as a
consecuence of the smaller core/conlant heat transfer with
constant heat release through the break.

The accumulator set-point is reached at t = 3910. s. (Fig
7, 9. Im this case the accumulator discharge has been
considered looking for @ realistic simylation of the
transient cladding temperature during this event. Again the
potential reduction of the U=tubes heat transfer due to
nitrogen discharge frum the accumulator to the reactor
coolant system was observed not to be very important
considering that the <team generator is not needed as heat
sink from this time on.



5.3 IRANSIENT SEHAVIOUK WITH QPERATOR INTERVENTION. (8)

A simulation with operator intervention hae beeh donre in praer to
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 cace 1s listed in Table 5.1, variable icentifications
are licted in Tavle 5.2.

o) Lases LR), (27 seray line), and LGB, (1.5 CVCS)

The LP-SB~3 recovery procedurs reduced o "bleed"” of the
steam generator, due the unavallability of the electrical
"feed” system in total black=out" condition, has been
simulated in bOth cases.

A RELAPS/MOD2 restart analysis from the restart file
Previous 1o the core heat=up has been done by simulating the
manual opening of the relief valves to iLhe atmosphera. The
"bleeding” action was delaved in both cases until ths core
heat~up started.

The chronology of events is summarized in Tables 5.7 ang
S8, and the main results are represented in the figures of
Appendix V and Aspendix V] respectively.

The sieam genersator douncomer level (Fig. 13) has been
analized in both cases during the transisnt {n order to
guarantee that enough inventory s still available in the
secondary svetem when the "$.6. bleed” operation is
Fequired 10 cool the plant. [n both cases the results
indicate that the "S.6. bleed” .s possible (Fig: S, &) and
effective.,

The behaviour of the plant in the recovery operation 1is
similsr to the observed in the LOFY facilitly forcing th,
Primary svstem cool.ng (Fig. 22) and depressurization (Fige.
2) and the discharge rf the accumulator (Fia. 7, $) with
core quenching (Fig. 19) avoiding the core overheating
(Fig:. 26).

Both manual steam dump closure as we!l as sccumylator
isolation on low accumulator leve!l have been sinulated as
operator actigns, This intends to avoid the undesired
nitrogen discharge from the accumulator to the primary
System that could reduce the primary secondary heat transfer
characteristics. Anvuds, &% 1In both cases the steam
generator 1s Mo mere eeded as heat sink from the
accumulator Jdischarge on, niirogen injection was not
considered to be dangerous.

The effectiveness of the cperation and the cerrect si2ing of
the accumulator have been s0 demonstrated in both cases for
$UCh an event.



o) Lase L(R)

For case [(B) the 'bleed” operation has no Sense hecause,
once the accumylator has discharged automatically ¥t the
beginning ~¢ the transient, 1t is not possible to discharag
i1 ag9ain by bleeding the steam gernerator to the aitmosphere.

In case of continyous "totsl black=put™ condition, the only
possibility for recovering the plant is to guarantes a
minimum inventory In the Primary sysiem (6 avoid the core
UNCOover: and heat-up.

Oue to the unavailability of “he ECCS inJjection pumps, the
only way 10 1hject water in the system is through the
accuymylator pathway.

Taking into account that the accumu'ator of José Cabrera
nuclear power plant 18 1I1nstalled outside of ‘he containment
bullding and that there is a mara', to coure heat=up startup
of at lTeast 295 minutes with the conservative hypothesis and
poundary conditions considered, it is possiole to make it
availab'e again by ¢

= 1solating the accumulator by closing the accumulator
isoclation valve,

= vanting it,

= refilling it “rom the reload water storage tank by
gravity circulation or gascline pump rperation,

- Presrurizing 1t with nitrogen,
= opening the isolation valve to force the discharge,

= monitoring the accumulator discharge in the contro)
room by watching the accumulator level,

= 1sulating the accumulator discharge before its level
was reduced to the bottom in order to avoid any
nitrogen injection into the primary system that
covle reduce the heat transfer.

The chronology of events 1s 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 b
maintained (Fig. 9) without core uncovery (Fig. 19) a-oidir
the cladding temperature excursion (Fig. 26).

The proccess should be repeated in a cyclic way Jith intervalc®
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 1n case 11(B) and 1113 for long
term coo'ing in case of continuous “total black=gut" condition
once the first discharge of the accumulator nas been forced by
the operator vwith the manual iInitiated "$.G. bleed” operation.

The effectiveness of the operation and the correct $12ing of

the accumulator have been $0 demonstrated in this case for SUCh
an event.

5.4 ERQPOSAL EQR INPROVING THE LOCA EMERGENCY OPERATING PROCEDURE.

The emergency operating srocedures for Jose Cabrera nuclear power
plant are based on a diagnosis of the accident (E=0) fol'owed by
specific procedures for the three design base accidentst

= LOoss O‘ Coollht I T T T S T T (!-l)l
ol H.lh "..m 'lh. bf’..k EEO LYY SRR (E‘z)o
= S .u48N 9."."“0' ‘Ub. PU’(U". EEEREE (E-a)o

An improvement af the present E-1 procedure considering the
out=of=the=standard~licencing=bases €B-3 scenaric has been
sugoested (Fig %9.1).

The cperator jdentifies the accident as a SBLICA based on low
Primary pressure, 10U pressurizer leve!, high secondary wressure,
&nd high containment pressure, te erature and radiation., 1f there
1§ & simultancous total electirical failure, known as “tote!
black=out"” condition, the operstor has to identify if it is a
tipe (1) or & tipe (11/111) case by watching the accumulator uater
level in the cantrol room.

In case of accumulator Jlevel reduction in the first minutes the
tice (1) option shoud be aeplied. It is recommended to i1solate,
vent, revil), pressurize and line~ug il again as s0ON as possible
during the first 2% minutes. He must repeat this operation at
regular Intervals until electrical supply 18 recovered and ECCS
pumps @re avallavle 10 guarantee the long term conling following
the present E~! procedure.

In non discharge case the tipe (1I/111) option should be applied.
It is recommended 1o force the depressurization of the primary
system below the accumulator set=point as s00n as pPoOssible 1n the
first 30 minutes. There are three vavs of doing it

= Indirect primary depressurization, by manual “"bleeding”
of the steam generator through the relief valves to the
atmosphere (air supply t0o Grpen the valves were normally
avai'able and, anyway, manual access to this valve
cutside the containment 18 Quaranteed). This operation
18 recomnended as a first scluvtion.



« Direct primary depressurization, by opening the
pressurizer relief valve (air supply t0 open tie PORY 1
gquaranteed). This s not recommended as & first
solution because this operation reduces the inventory in
the primary system and accelerate the core un~sovery and
heat=up. It @als0o increases the radiation level in the
containment building. The PORV opening behaves 1in the
same way as an increase In the break area:. This option
should be used as a second solution only In case of
impossibil ity for steam dump cperation.

= Combined primary depressurization by simultaneous direct
and indirect asbove cperations.

The indirect operation, provided that enough level is available in
the steam generator, would be a real direct arplication of the
‘lessons learnad” from the analysis of OECO-LOFT LP-5B-3 experiment
to the Jose Cabrera nuclear power plant.

Once the discharge 1s verifiled, the operator will proceed following
the recommendations indicated avove for the self~discharge case.



6. BUN SIATISTICS.

Ca'culations started en a CYBER 180/810 computer that uas
transformed to 180/830 during the execution of the last set of
cases. CPU time vs. reactor time plots have been provided for tuwe
cases!

- Case [1tA), 2" break without operator intervention, on a
CYBER 180/810 computer.

- Case [ (A), 6" break without gperator intervention, on a
CYBER 180/830 computer.

A direct comparison of the CYBER 180/810 and 180/830 CPU time to
reactor time ratio can be seen in Fig 6.1,

In table 6.1 a typical run statistics has been summari.zed for both
cases. The table includes the "ICAP required number” that was
calculated based on th) transient time, the total number Of active
volumes in the mode! (time dependent volumes were not considervd),
the total number of time steps and the tota! CPU time.

A maximum time step 0of D09 §. and the semi~implicit option wers
selected for all the transients that ran Jithout special
difficulties. Mass error was aluays under the contro)l of the code
giving negligible valuyes (Fig. 27) in comparison with ths total
mass of the system.



7. CONCLUSIONS .

RELAPS/MOD2 cycle 36.04 has been used to analize the SB-3 scenario
in a commarcial! power plant. No major difficultiies in the use of
the code have been detected.

The g00d design and sizing of the major comoonenis of the plant
have been demg strated i1rn this bevond=~licensing bases analysis.

As a result, an improvemint (o ‘he emergency operating procedure
“a8% been suggested. Calculated time requirement for operator
intervention (2% 1n case |, 30" in case Il and 50" in case 1il) is
dlways higher than the maximum estimzted credible duration for ihe
"total black~gut" (20').

Ac a conclusion of the analysis., the suggested improvement of the
present emergency operating procedure to mitigate the consequences
of such an urlikely event has been demostrated to be g9ood encugh to
guarantee the safety of the plant.
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TABLE 3.1 RELAPS/MOD2 mode) descrietion (npdalization).

CONCEPT NODE
NUMBER
ERINARY COOLANT SYSTEN
Cold 109 = PUMP dISCAArGR oo iirrnsnnaseennssss 160
Bf.‘k TR EEEEEEE R R N R R e R R l‘a
Coh!llhm.hf ictbeacoouoaoloctlctlttonrnuo.llOCOO 16‘
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leg = pump inlet
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NODE
TYPE

branch
valve
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branch
annulus
branch
single vo!l.
single Jun.
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single Jjun.
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single Jun,
annulus
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branch
branch
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pipe
branch
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branch
branch
single
pump
pipe
single
pipe
single
pipe
branch
valve
branch
valve
branch
valve
branch
valve
branch
pipe

vol.

Juh.

JUh.



TABLE 3.1 BELAPD/MOO2 mode) descriptiun (npgslization). (Comt.)
CONCEPT NODE NODE
NUMBER TYPE
Pressurizer relief tank (water volume) ...uivvves 338 branch
Pressurizer relief tank (steam volume) .......++ 336 branch
Pressurizer reljef tank rupture i8¢ o vvvrvess 338 valve
CORLBINMENT BLMOSPRGPR Lo inus s o vadsntaatasisst 340 tm.dep.vol
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S:G. first drver 4raining PIPE ivvsvsnsinisvese 826 branch
§.G+ second “ryer (orifice plate) .vevvivvvsvess 430 secarator
S.0. second orver draining PIP® «.iervsevirscesss 428 branch
S.G. feeduwater 18Nk svisc vevntsversrsnssnsssssy 444 tmi.dep.vo)
s.Gn f..du‘t.r‘ “OU I I S I T S B O S S N “5 tMld.’oJUno
AFWS turbine=driven pump FU2 suction tank «..... 448 tm.dep.vol
AFWS turbine=driven pump FW2 Junction svvvveiese 449 tm.dep.jun.
EFWS motor pump suction tank viivvvvvnnvnarvanass 45 trn.dep.vol.
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TABLE 3.1 RELAPS/MOO2 model descrietion (nodalization). fLant.)

CONCEPT NODE
NUMBER

8.6, ‘.‘.tv V.'V. 2 R N E R R 5“
S.G. safety valve 2 discharge 1ine coivuusvrnves 546
Environmental atmOSPRere «ovvivrritvavvnrecnsees 561
S.G‘ ‘.‘.tv V.'V‘ 3 R N N R E R E R R s‘s
S:CG: safety valve 3 discharge 1ine vovvvivsveses 9%
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SG. relief line to the cONdENser ....vvvivivsees 930
S:G: relief valve 3 (10 the condenser) ....c.ves 932
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NODE
TYPE

valve
branch
!n.d.p.vol »
valve
branch
‘msd.’cVﬂ'-
valve
branch
tm.dep.vol.
tm.dep.jun,
t.o‘.’-V.‘-
tm.dev. jun.
tm.dep.vol.
branch
single vol.
valve
branch
tm.dap.vol.
valvi
branch
t..d.p.vol.
branch
valve
single vol.
valve
tm.dep.vol.



TABLE 4.3 Stabilization system actuatien logic
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TABLE 4.2. Descrietion of the sieady stale analysis fisures.

£lg SURJET

£S.1 Reactor pover ()

§5.2 Pressurizer pressure (Pa)

58,2 Steam generator pressure (Pa)

§S.4 Primary coolant mass flow rate (Kg/s)

$5.5 Stabilization pump velocity (Rad/s)

6.6 Prassurizer collapsed liquid leve! (%)

$S.7 Stabilization make-up mass 71ow rate (Xg/8)

5.8 Stabilization let-down mass flow raty (Kg/s)

$5S.9 Steam generator douncomer collapsed licuid level (m)
$$.10 Stavilization feeduater mass flow rate (Kg/s)

SS.11 Primary coolant average temperature ()

$S.12 Stabilization main steam conirol valve mass flow rate (Kg/s)
55.13 Steam generator circulation rate



TABLE 4.3 Steady stale resulis at nominz! conditions.

LA AR AR A A A S A A E A A R R A R Rl R R R e I

Ll - - . -
. Variable * Units ¢ JOSE (CABRERA « RI|LAPS/MG02e
~ . * (measured! #*(calcuiated)e
- o .- - L
L T e S L L] A AR R R EE RN BN R
™ . * - -
¢ Reactor power v (Ml . S10.00 S310.00
* - - - -
* RCS aversge temperature s (9K) . S66.60 S66.60 »
@ E » 3 v
¢ Pressurizer level . (%) . &67.00 67.00 o
* - e - -
¢ Pressurizer pressure + (MPa) = 12.82 13.82 =
* . hl K »
* RCS mass flow rate * (¥Fgls) » 3605.00 » 3605.00
. » - . B
¢ Reactor coolant pump speed * (rpe: @ S9Z.00 995.00
L - > . -
t Steam generalor pressure = (KPa) =« .63 » &.63 »
- - A Ll =
* Steam gsneraxtor circulation rate * - ) = 3.34 » 3.38 o
* L - - .
* Sizam 3zenerator collapsed ligquid leve! s im) = B.68B » B.67 »
B * - . .
* Steam fiow rate 4 iXgis) 2665.40 » 265.90 »
- - . . -
* reedualer temperature . (OK) . 477,00 477.00 »
L ] * * - -

B L L L L T e T L L
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Fractor pouet
2 Primary 4 e jary pressure (Py
Primary ant massy flow rate (Kg/s
& Secorndar SYystem mass W rates (K 4
> Steam generator ellel & safely mass flow rates (Kg/s
5 Integra Leam mase from the S.0 Lhe aitmosphere (Kg
" Break and f S mess flow *ate (Kg/s
» ,'“p.‘. {~‘ ,r‘-,l »
' Balance T MAass 1n Lhe primary system (Kg)
Pressur.zer ¢ arsed gulid svel %)
a4 fractio n the JPp part of the stes” ganerator tube
. ‘ actior the oWt Par 0f the steum generator tube
Steam genersto Q! me! arsed 1ulid leavel (m)
v, | 8 vid fractior A the steam generator riser
13 auid & n the REM generator downcomer (=)
¢ q d fra or the dowr part of the loop seal (=)
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TABLE 5.2, Yaciables jgentification in the transient figures.

KEYWIRD

SUEBREESNNESRESNS
P 312020000
P 100010000
P 165010000
P 430010000

TEMPF 312010000
TEMPF 100010000
TEMPE 110010000
TEMPF 130010000
TEMPF 1695010000
TEMPF 211010000
TEMPF 207010000
TEMPF 430010000
RHO 100010000
RHO 142010000
e} 165010000
RMOF J 1 63000000
MFLOW) 100010000
MFLOWJ) 163000000
MFLOW) 165010000
MFLOW)  24300N000
MFLOW) 630000000
MFLOW) 655000000
MFLOW] 487000000
MFLOW) %14000000
MELOW) 522000000

MFLOW) 3526000000
MFLOW) 536000000
WTTEMP 209100110
HTTEMP 209100210
HTTERP 209100310
HTTEMP 209100410
HTTEMP 209100%.C
HTTEMP 209100610
VOIOF 140010000
VOIDF 142010000
VOIOF 144010000
VOIDF 207010000

CONCEPT
FENRNSBLNSESEISRSRENETASUAREREERNSEEARTYIEDAES
Pressurizer pressure
Mot leg pressure
Cold leg pressure
Steam generator dome pressure
Pressurizer liauid temperature
Mot leg liquid temperature
Steam gonerator “nlet temperature (primary)
Steam gensrator outlet temperature (primary)
Cold leg lidauid temperature
Core lower plenum liquid temperature
Core upper » enum ) auid temperature
Steam generator dome temperature
Mot leg density
Loop seal density (ho~izonta! eart)

Cold Ta) density

Break flow density

Hot leg mass “low rate

Break mass Tlow *ate

Cold leg mass flow rate

Core inlet mass flow rate

Accumylator check valve mass flow rate
Safety injection system mass flovw rate
Steam generator NFUS mass flow rate
Steam flow to the turbine

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

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

Steam generator relief L0 the condenser
mass flow rate

Average channel cladding tempevature
nocde | (bottom)

Average channe)l cladding temperature
node 2

Average channel cladding temperature
node 3

Average channe! cladding temperaturs
node 4

Average channe! cladding temperature
nude &

Average channal cladding timperature
node & (top)

Liquid fraction in the "ocp sea)

(down)

Liquid fractior in the loop seas!
(horizontal)

Liquid fraction in the lo0p sea)

(up)

Liquid fraction in the core upper plenun
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TABLE S+2+ Yarjaples jdeniification in the fransient figures.

LLont.)

KE R INCEPT
ERSRNESNERE2TESERERERN R R B A 2SR R 2R 22 R T R R T P E AR R R R R R R TR E TSI

-

NTRL VAR 38 Tolal S:6. feedwater low rate
]

L VAR 43 Inva9ral cf the break flouw rate
e o - AR 4 TR " i 4 - i M
NTR| ~ . | egre o1 1 S S8&tely 1 ~Q.'.-" Sy tem
pPUTDS tlow rate
. 4
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TABLE 9.3. (Chronglogy of eventa {or case J(A).

Event (Coia leg SBLOCA 6" withou® recovery) Time (3)

LRSI ECESES I RS SSNESENSSATASESSISSNE NS USSEENERERNArSY SenEEAZUS

ERLE 100 FNALY OPABE: s o da At en A6 b s A TN I TR S ED S5
8‘.ch‘ﬂu‘ L R N E E R E EE R R R R
Reactor coolant pump Start t0 COUSLIOWN vovuvevonnonye
Main feeduater pum» start Lo CORSLAOUN +vvvinesonsssnas
S.G. turbine driven pump cOnSUMPLion SLErLS coevorress
Reactor trip signal o¢n 1ow Primary fIOW sovevvvsansins
Turbine trip si9na! On BDIACK=0UL s vvosvovvsnsnansvsnns
Reactor trip signal on ‘urbing LriP cevvsovsessassanns
Reactor coolant pump (P7P) breakers OPONING +ovrrvaeas
Reactor trip signal on "CF breakers OPENING cosssvrras
Reactor trip signal on varisble low pressurizer
PPOSBAUPE 0000000388088 880 ittt Reddansstessasaness
Reactor trip sigral on fixed 10w pressurizer

pr.“ur. Ctlll.ll.llotiicl'CilO‘ll"!.!.l.l.l....l."'
Reactor trip signal on SG 'ow lerel (NR) & mismatch ..
Safety injection signal on 1ow Press: "12er pressure ..
ROICQD!‘ IFIP “'n.‘ on ”s" “’n.‘ R R R R R R T
Reactor trip signal on S.G. l1ow 'ow 'evel (NR) +sevivuns
End O‘ HJbCOO‘Cd dx‘Ch'r‘. EE R R R R R R E R Y 1305
S.G. safety valve First OPONING +evvvrrntosrosnsasnsnns =
S:G: down tubes ends Of draining ssevsnvrssssssvrnssss 69,
S'G. U’ th.‘ .nd‘ o‘ dr'lnlﬂ' LR I B I R B DN BT N N N R I DR B B B B 90.
Loo’ ‘..‘ c‘.ll‘lnc. S0 85200 0803838058580 NNEYE R ‘o.‘,u
Pr hary pressure Under Secondary Pressure® .. «ssvesevs 118,
Primary pressur . Yder accumulator set=point ...vvvvee 190,

o

COO0O00DOD00

3 AR LA

NWWRN
0~ O

S.G. tur*‘ne d . v ump Injection StArtS i cssienens =
SIGO MOQOP pyur . :Qiﬁﬂ ltll"ti R R R R R E R R R Y -
Safety inject . : <iwm pum > injection starts +ovvees =
Accuﬂul.tord TRV L £ ‘t.f‘( R N N RN N N 1900
ﬁCCU.Ul.‘lOf‘ dl‘\." ‘nd‘ AR R R R R R N R R E R R ‘ao«

COP. h““u’ $!ur T up L I I I T N T S S T O S S S S S S l‘ao.
Eﬂd °' "n‘x.n\ . 'l..l.l'.l'...'l...l.lll'...l.';; 2369.






TABLE 5.3. Lhronplogy of aveols for case LlICAD.

Event (Cold leg SBLOCA 1.85" without recovery)
TS A SIS NSNS TASESIRAIATLSTISUETLTTS SISV TTTES

Coly 1.’ SMEB]) DPre8K cesces sttt assasecssessasas et sn
Black=gutl st isarsanesnsass~tesasosssasrnssanssassins
Reactor coolant pump start 10 CORSLAOUN «rvvrvrosnnrnss
Ma'n feeduater pump start L0 CRO8LAOWN tvsvvsaasvasnas
S.6. turdine driven pump consumption starts «oeveesvas
,U“DXHO ‘rlp ‘len.] oh b].:k-ou‘ IR R R R R R Y
Reactor (r1p S19nAl On turbing triP sesssenesssssrnnen
Reactor coolant pump (RCP) breakers OPENING cievvsvsn
Reactor trip s23nal on RCP breaktrs OPeONING s ovvvvnay
Reactor trip signa! on low primary FlOW sessviveocvras
Reactor trip signal <n SG leow level (NR) & mismateh ..
Reactar trip signal on S.G. Jow low level (NR) ..ceues
Reactor trip signal on fixed low pressurizer

PRrESSUTN R o 4 h v 5 4 40 c 0 2 48881 808 et aaaar it s tananesnss
Safety i1njection signal on 1Jw pressyrizer yressure .
R.‘\f ir trip ilﬂhl] on ”sh iiﬁn‘l TR EEE SR EE E T Y
S'G- 5"0!7 V.‘V' ‘.lr‘t OPRNING srsercrv s s assransrsnsnn
Eng of wubcocied disChArg® sssssssvssssssasssnssssaes
S.6. down tubes @nds OF ArRINING scoversvrsessessanss
3.6, up tubes ends OFf draining +svsasucossssansssnnsan
‘hoop “.] C\.‘r.ﬂc. TR T T TR TR N TR N R I N R B TR B N A B
2.6, safety valve 1ast CIOBUIrE cveess cvosavsasvsssnna
:O". h.li'ub ‘t‘rtup TR EEE R R R R e BYEEE R
Primary bressure undar SECONdAryY Prussulf® ssssssavnsn
Primary pressure under accumulator set=noint coavee.
L.53. turbine driven 2ump injection Starts +.csevunnsan
_C‘.G. mDLor vumps LHJ.Cthh SLAPLS st i srvr i v aer e
Safety injecticon syster pumps injection starts .viean
Acctumulator discharges StartS v ssssnrvrssssnvenssea
Acc‘nu‘.‘or dl‘Ch.rg. .ﬂd‘ P N R T T R R I N R R B
Cﬂr. qvghch.d EEL A ENE ¥R R T N R B N A R A A A R B A
ﬁ'\d o‘ !f‘.hsz.n! P TR TR T S TR T TR T I T R B T D B R R O B O O R

Tima (s)
t 2 2 3 FF 3

0.
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TABLE 5.7. Lhronplogy of events for case LI(B).

Event (Cold leg SBLOCA 2" with recovery)

EE B R R T T T P It e it S T ERunzszse

Cold leg smal) break

OQOOl..l."'l.‘l..'.ll.l....'..l‘

Bl.ck-out R R N N R E R

R R

Reactor coolant pump SLart to coastdown .iivecrrainias
Main feedwater pump start 1o COBSLAOUN «vvvvvunssnnsas
S'G' tUrblh. JPIVOh PUMP CCﬂ‘UMD!XOﬂ ‘t‘rt’ U IR R I I

Turbine trip signal
Reactor trip signal

On b].Ck”OUt LA LI I B R U I I B R )
on turblﬂ‘ tFl’ LR B A O R N U )

RQlC!Or‘ COO‘I'H pume (aCP) brtlk.f‘l OPlhlﬂg BEEEREEEERE

Reactor trip signal

on RCP breakers OPRNING «+:vrvnsns

Reactor trip signal on 10w PPrIMArY FIOW ceceessssnsans

Reactor trip signal

Reactor trip signa! on variable

Pressu™e s s o009

LI I B I I

L A

on SG lcw level (NR) & mismatch ..

low pressurizer

LR R R R

Reactor trip signa! on fixed low pressurizer
pr.‘sur. tl...t.lbl’!.!l’.l.l'..!0..000".00'0'.'..!!.

Reactor trip sigral on S.6G.

Safety injection

Loop seal clearance

S.6. safety vaive

Core heat-up startup

signal on

low

low leve]l (NR) sevisnn

low pressurizer pressurs ..
ROSCION 1,10 S1nBY BN "B SI0AR) «oasccuswrin s vt ssans
S‘G' ‘.‘.ty V.‘V. "r‘t OP.ﬂ)hﬂ LEE I B N ST DN AT I R TR R BN R
End af SUbCOO‘Od d:‘ch.rc. L I e I T T I T I ST R R B I T R )
S'G' dOUﬂ tUb.' .nd‘ Of dfllhlhﬂ L N S T BT I B N T O A B T Y
S«Ge up tubes ends OF drainNINgG «vvvvevoersrnessssnnsas

last ¢closure
Primary pressure under SeCONCE@ryY DreSSUP® +ovvovnressn

Manual S.G. '"bleed” starts
Peimary prevsure under accumulator set=point +..vvvvss
3.6+ turbine driven pump Injection SLAFLS +vvvvsnronns
S.G: motor pumps 1nJection SLtArtS +ovrvcrrsnsrronrases
Safety injection system pumps injection starts .......
Accumulator d1scharge SLarts «ovvevsonoannnnonnensnsse

Manual S$.6. ''bleed”

B

LA L B O I B I B U I T I I IR T N B R B N B BN B I )

(AR RN R R E R RN RN

L I R I I T I S S T T I ]

L L N B N R I B R IR B N I Y

ends due to 'ow accumulator

].V.‘ L R N R N RN e R

Accumylator discharge ends

End of transient

L I B I B O I A I T A O N I A )

B0 2 0 % 0 0 0 0 2 AW RN E YN

&

Time (s)

0.
0.
0.

O
—RUILRLA
w

N N~000C0CO

-~ D@~

L - - -
CUHNwNN O &



TABLE 5.8. Lhronglogy of events for case JLICR).

Event (Cold leg SBLOCA 1.5 with recovery) Time (&)

CEZERNSTITITICITSCITIDLLSSITITLNTTANSITMETIFCASTILNLSINTLLTZIUNIT 2oL

Cold Tog smal) Bredk csvrsavnvrssnsvrnassnsssnsasasands O
BIICk°OUt L A A A I N N A N E R R R R
Resctor coolant pump start to COAStAOLN vovrervnnaniny
Main feedwater pump Start t0 COASLTOWN s orsrvsvaronsan
S.G, turbine driven pump Consumption S1arLs +ceesnssoy
Turbing trip signa) on DIBCK=BUL cocisresedrnnsoandnne
Reactor trip sional on turbine tripP cvvrscessoonnnnnes
Reactor cocolant pump (RCP) breakers 0per ng .ovi-ssars
Reactor trip signal on RCP breakers OP@NINg +ossvrnvan
Reactor trip signa!l on low primary flOow sevecaveassnsan
Reactor trip signal on SG low level (NR) & mismatch
Reactor trip signal on variadble low pressurizer
PrRBSSUPRS ¢ o ¢ 0846006880880 8888000300t 8siossssgessstassancsn
Reacior trip signal on S.6. low low leve! (NR) s.iivss 7.69
Reactor trip signal on fixed iow pressurizer

PRERSUPE s 085008006 4" 10088888 i0asasasdstsssvistssvnsasss 8.6
Safety injection signal on low pressurizer pressure .. 14.8%
Reactor trip signal on "S" $i9n8) civecvravnssssescers 14.8%
S.G. safety valve first OPONING cvevvsvrascssasnnssnss 70,
End c‘ ‘ubCOol‘d dl‘ch‘rg‘ L LI IR R I NN I R N R DR I R U B BT D B B B ‘05.
S*G' dQUh tUb.ﬂ .ﬂd‘ Of dr.‘nxr" LA TR N SO I A B A B AN IR B B B A 9500
S8+ up tubes ends of draining sessssisssssavsssensnns 1810,
LoSP - S88) CI0BPBREE srssacasrttssinisnssvgsesssfasrsane o810,
S«G¢« safoty valve Tast CIOSUPY ievvssivonsssasssrssnss 2580,
Cor‘ h.a‘-up ‘t‘rtup L I I I R D O R D B R D T R A O R B B B R R 29800
N‘nul) SOGO “bIQ.d“ Slll"ti LI T O I I N I T SR I R R R 30000
Primary pressure under accumulator set=point .....+.ses 3040,
ACCumulBalor di8Charge S1BPLS secvvintonsarsosioantceniie — SO80,
9.6 turbine driven pump injection starts ccieeinivnves =
S«G: motor pumps 1njectinon StArtS vsvisssatternrisane =
Safety injection system pumps injection starts (veiveve =
ACCUBUIBLOr disChards SNnd8 (oirvevsrvasonsstedsersasssns ™
Manual $.6. ''bleed’ ends due to low accumulatar

‘.V.l LR = OE I B BN A N DR I L A I I R I R NN R O JRT BNL I NR N IR B B N I R A A

Eﬂd o; t'.n‘].nt L I I I I e I O A N I T N S S TR O N R S ) 33000

CcCoOoO

-

N 00000



TABLE 6.1. Run statistics.

:ASE A N AR R R N N R R e 11("
COHPUTER L N R I L A ) CYBER 160/810
CPU TIHE (‘) LR A I I I O O O I I A R I S N I R S 207918
REACTOR TIHE (‘) R N T R R 2500
C (TOTAL NUMBER OF ACTIVES

VOLUHES x~ THE ﬂODEL) L I e S N lo’
DT (TOTAL NUMBER OF TIME STEPS) ........ 50000
(CPU E‘a) / (c x DT) £ 68 00 80 000 38015
CPU TIHE / REACTOR TI”€ L R NN 83

sesvaaeraee 1(A)
++ CYBER 180/830
tesveaaas 104476
R ] 2369

B N lo’
L o ‘7360

L I I ) 20‘23
15480 0-0-¢ “r e “
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JOSE CABRERA PLANT NODALIZATION.
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FI16. 5.1 INPROVED EMERGENCY PROCEDURE DI1AGRAN.
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