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Grarted according tc Art. 29, peragraph 1, of the Patent Law
Recognized according to the agreement on the mutusl recogrnition of
autnor's certificates and other protection documents for inventions
of Decerber 18, 1976.

OFFICES FOR INVENTIONS AND PATENTS

(21) WP G 21 C/ 2197 28 (z2) 3-17-1980 (45) 11-17-1982

(31) PV 3544-79 (32) &-4-197¢ (3%) Czechnoslovakia

(72) Dalibor Sykora, Czechoslovakia

(73) Ceske Energeticke Zavody, Koncern, Prague, Czechoslovakia

(838) see (31) and (33)

(54) APPARATUS FOR LOCALIZING DISTURBANCES IN PRESSURIZED WATER
REACTORS (PWR)

(57) The invention according to CS-PS 177386, entitled "Apparatus
for increasing the efficiency and passivity of the functioaing of

2 bubbling-vacuum systemr for lccalizing disturbances in nuclear
power plants with a pressurized water reactor", concerns an import-
ant area o nuclear powsr engineering that is being developed in
the RGW member countries. The invention solves the problems of in-
creasing the reliability and intensification during the operation
of the =zbcve very important system for guaranteeing the safsty of

the standard nuclear power plants of Soviet design. The essence of
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ve observed in the system: first an imirovsment -
crease in vae reliability ¢f its function Juring the crirvical trans-
ition period, which follows the filling oI the second space with

alr from the first space; secondly, eliminztion of the hitherto un-
avoilable initiating role of the active sprinkier-condensation device
pressnt; thirdly, a more effective performarce and subjection of the
elements to disintegration of the water flowing from the bubbling
condenser into the first spacs; and fourthly, an enhanced utilizat-
ion of the heat-conducting ability of the water reservoir of the
bubbling condenser. Representatives of the supplementary apparatus
are autonomous and local secondary systems of the sprinkler-sprayer

without an insert, which spray ths water unier the effect of grevity.
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PATEST CLAINS

1. Apparatus for increzsing the efficlizncy and passivity of
the operation of tue tutbling-vacuiar system for localizing disturi-

x]

Il

(¢]

23 in atomic powsr plants (LFP) with a water-watser reactor, in-
stalled in a system for limiting the consesgyusrces of mishaps at AFP
according to the Author's Certificate C3-P3 177,386, characterized
ir that it consists of passive autonomcus (26) or of passive lozal
(27) sabsystems of sprinkler-sprayers, ins+talled at sites of the
first space (2), switched by means of a ccemnecting conduit (28)
through automatic isolating valves (29) and/or through check valves
(30) to flutes (11) ard/or water trars (31), where the sprinklers
vof the existing active condensation spparetus (19) are switched “rom
the vpper groups of flutes (11) and the corresponding water traps
(31) also by means of the connecting conduit (28) through a cutoff
check valve (32), completely independently or jointly with passive
autoromous subsysteams (26).

2. Apparatus according to claim 1, chsracterized in that the
passive local subsystem of the sprinkler-sprayers (27) when switched
to the 3-72 m higher water trap (31) is comprised of sprinkler-
sprayers with a low resistance and of the non-insert type.

3. Apparatus according to claims 1 and 2, characterized in that
the passive local subsystem, loceted in the vertical shaft part of
the first space (2), i.e., opposite the flutes (11) of the bubtling
condenser, consists of sprinkler-sprayers (27), located in planes
perpendicular to the longitudinal directiocn of the flutes (11), the
axis of which is oriented obliguely upward to the flutes (11),

forming an anglz of 30-60° with respect to the horizontal plane.
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+. ATraratus sccording to claim 1, cuorasterized Ln ths

-
- ~ra Tk L.

automatic isolatinz valve (2%) is e . vipped witn = s=rvo-drive (33).
= 4 >t

S
flutes (41) is created by 4 flat or :oatourzd continuous sheet,
equippred i~ the bottom with zpertures or connecting pieces for
connecting the conduit (28).

€. Apparatus scc

o)

rding to claim 1, characterized in that a
cutoff check valve (32) is located in the connecting conduit (28)

(
near the point of its introduction into the delivery conduit (2C).
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EZrg. Dsliber Sykorz, Prasue

APPARATTYS TOR INCAEASING TZZ EFFICIZNCY AND FLSSIVITY OF THZ FUNRC-
TION CF TE= ZUBELING-VACUUM SY3STEI. FOR LOTALIZING DISTURIANCES IN
A WATER-WATER REACTOR CF ATOMIC POWER FLANTS (ATP)

The Aatnor's Certificate is dependent on AC No. 177368 - Czecho-
slovakiz

Application date: June 4, 1979 (PV 2844-79)

Author's Certificate 209238 of August 26, 1981.

The invention concerns an apparatus for increasiigzg the effici-
ency and simultanizously entancing the passivity of the fuuctioning
0of a pubbling-vacuum system for localizing disturbances in APP with
a water-water reactor. The function of ths localizing system will
in a radical andi basically new manner assure the radizstion safety
of the power production of an entire generation of standard two-
circuit medium-power APP of Soviet design without a containment shell.
The apparatus according to the present invention intensifies, pre-
cisely defines and consequently improves the functioning of the
entire above basic safety system, protected in Czechoslovakia by
Author's Certificete No. 1773%68 under the title, "System of limit-
ing the consequences of mishaps at atomic power plants".

The current development and the state of the art of the bub-
bling-vacuum system for localizing Zdisturbances are currently det-
ermined by the design solution used for the standard APP unit with
a water-water reactor with an electric power of 440 MW, ths actual-
ization of which was already begun in the USSR and other countries

of the Socialist camp. A description of the basic equipment of the

5=~
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32ld system snd the sxplunstion of itz {functioning are containeld
in <he specification of AC No. 17738%. The iiczivants
currsnt soluvicn ol tha system exsminsd ars whzv its heat-removins

caracity is not fully utilized and that

o

rzlatively very important
tasic initiating role is given the active sprinkler sudsystem within
the frame of the given, exclusively strategic safety-assuring sys-
tem, the reliability network of the equipment, in the miidle of
which it finally ends with the emergency reserve of motor oil in

the tarnks of the Diesel geresrators. It is evident from the patent
claims for the the AC No, 177368 and also from the planning mater-
ials avzilable that assurance of the goal, namely, the quickest
rossible achisvement of post-mishar evacuation in the nermetic sracs

in wnich the stomic source of steam or the first APP circuit is

-
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L
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d, with the &id of the funztioning o the system examined,

is linked with the relatively rapid and impetuous functioning oI
the active sprinkler subsystem, i.e., with the functioning of the
active condensation apparatus, represented by the sprinkler pump.
Besides, a potentially critical or weak point during the function
of the said system can bte the creation and =zchievement of a relat-
ively small, tut inversive difference of pressure after completion
of the bubbling and subsequent equalization of the pressures in the
spaces above and below the flutes of the bubbling condenser for the
purpose of obtaining a mass discharge of water from the said flutes.
It is provided that the rate of condensation of steam in a steam-
air mixture, which will continue, in particular, on a large surface
of the flutes of the bubbling condenser, will be greater than the

rate of steam generation under the action of the accumulated and

-6
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crize =Ster some tine and caus:z: an autonztic disrvlazement or Lxnflow

- -

of a substantial majority of <he water Zrox the said flutes. Tuhus,
a strong casczade of water of oniy »art of the disintegrated water

flow arises inside of the 7igh intzke shaft of the bubbling corden-
ser, causing =z further contact condensation of stean in the steam-
gir mixture present here, as a result of waich ths required rapid
reduction in the post-mishap excess pressure occurs in the entire
hermetically sealed space, ramely, to half its value. fhe residual
XCesSsS pressure 1s continuously reduced under the action of a fur-
ther condensation of thz steam in the steam-air mixture cue to the
continuing operation of the now switched-on =zctive sprinkler sub-
system. The residual excess pressure ceasas in the period between
10 and 15 minutes after the mishap occurs. With the aid of the sub-
sequent functioning of the sprinkler pumps, an evacuation is created
and mairtzined by periodically switching on and off the said pumps
at the required intervals over a prolenged period of time. In spite
of the positive calculated indices and the presence of very good
results of the individual verifying experiments with bubbling con-
densation on models of the bubbling condenser, it should be noted
that while it is impossible to definitively exclude the potential
rossibility of failure of the entire said, conceptually new system
for assuring safety during a projected and even-more so, an unant-
icipated mishap, during which an excessive formation of hydrogen
would also be observed, in any APP of the given generation. Pricr

to the execution of a controlled slow, but from the standroint of

-7-
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the parametsrs a full-fledged pre-exploitstion verifization of tha
compisx functioning of the first feasibls ducrbling-vazcuum system
of localizing mishars in an APP, it rust be assumed that (1) the
dznger ci blocking or r=ducing the productivity ol the condensation
surface bvelow that of the stezm generation of the water in the mis-
hap first circuit in the period after the complstion of bubbling,
namely, as a result of a possitle extreme local increase in the
partial pressure of air with a possible zdmixture of hydrogen in

front of the flutes of the bubbling condens In the given case,

er.
there would be no inflow or reverse displacement and discharge of
water from the flutes and, consequently, no rapid drop in the post-
misnap excess pressure in the hermetic first space. The excess mis-
hap pressure would be primarily liquidated only by the active sprink-
ler sutsystem, here during approximately twice the time. Secondly,
in spite of the relatively high reliability, determined by the sub-
stantial excess, i.e., the double reserve in th2 active sprinkler
supsystem, there is still a certain risk of failure during its
startup and operation, as a result of which the existence of a
residual post-mishap excess pressure is pcssible in the hermetic
first space during the passing out of service of the active sprink-
ler subsystem, during which there would be leaks of radiocactive
medium into the surrounding medium. The above are the basic short-
comings of the current solution of the bubbling-vacuum system of
localizing mishaps.

The above.shortcomings of the said safety-assuring system are

diminished in the case of the arrangement of the supplementary ap-

paratus according to the present invention, consisting of passive

-8-
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sutonormous or also passive local subsystexms of sprinkler-sprayers,
placzd at points in the first space in which after th: completiorn

of bubtling there is a minimum &ir concentration or a maximum stesm
partial pressure, connected by means of a linking coaluit through
automatic isolating valves and/c¢r through check valves to the flutes
ani/or to the water traps, where sprinklers having zn active conden-
sation apparatus, functioning as a result of this also in ths case
of a possible failure of the sprinkler pumps, are also connected
from the upper groups of flutes and thes corresponding water trars
21s0o by m=ans of a lirking conduit <hrough cutoff check valves com-
pletely independently or jointly with passive autonomous subsystems
of sprinkler-sprayers.

The characteristic advantsges of the supplementery apparatus
protected here, besides a reduction in ths zbove shortcomings, are
also the other basic ones given below: first, liquidation of the
mishap eXcess pressure in the hermetic first space, i.e., in the
series of the hermetic compartments of the rreactor building and the
corresponding spaces of the babbling condenser - in calculating a
more complete utilization of the heat or heat-removing capacity and
potential energy of the water from the flutes - is practically com-
pletely assured by the very essential equipment operating here with
an increased passivity, i.e., a bubbling condenser, during a consid-
erably reduced period of time. Secondly, it is possible to reduce
the initially quite rigorous requirements on the productivity of
the active sprinkler subsystem, above all, the requirements on the
productivity of the sprinkler pumps and, as a result of this, on

the power of the Diesel gererators that constitute the system of

_9_.
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uring the electric power supply. The productivity of the sprink-
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r rumps nreed not be subsequently deducted from the rzsuirsment of

p,l

S rapii as possible eliminzticn of the residual exc=35 rressure

and the creation of & vacuun, and from the mildsr reyairemsnt of
prolinged maintenance or regulation of a2 moderate vacuum. Thirdly,
the relatively rapid startup of the sprinkler punps can be delayed
by =2n interval of time that corresponds to a sevesral-minute discharge
of water from the flutes and the water traps of the vuidbling conden-
ser, which takes place through passive, sutonomous anl £lso through
passive local subsysters of sprinkler-sprayers, znd 1t is also pos-
sible through sprinklers of the existing active condernsetion appsar-
atus, through which, however, water from the bubbling condenser
flows out up to the moment of startup of the sprinkler pumps.
Fourthly, as & result of the arrangement of supplementary high-reli-
ability passive sprinkler subsystems, the insertless sprayers, which
disintegrate the water substartially better from the standpoint of
thermokinetics and hydrodynamics, the quantity of water sprayed per
second in the hermetic space ig increased, and also the "temperature
aprroximation”, which results in a substantial reduction in the time
interval during which a complete vacuum is achiev:zd, as a result of
which the potential possibility of reducing the requirements on the
tightness of the system of hermetic spaces, waich is difficult to
achieve in view of their disjointed nature and geometry, arises.
Fifthly, initiation of the beginning of placing the passive sprink-
ler subsystems_ in service is derived, for example, from the estab-
lished given pressure, or the unambiguously determined value of the

absolute pressure in the second space, i.e., in the corresponding

-10-
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air sazZpler, =s a result of which the otvious, put anslwvsizally znl
icular, the influence of the d:zmeze site, the iafluenze 02 the forn
snd orientation of the crack in the rrims=ry coniult, thgir variation
unZer the zction of the reszctive iischarge ‘orces, ete. - snid, con-
sequentiy, also the substential razndomnessss and, =z a resuls of
this, z2lso ths time differences during the functioning of the entire
existing system of localizing mishaps. Sixthly, the initiation pas-
sive autonomous sprinkler subsystem, connected through «@n automati-
cally opening isolating valve, is located near the presumed sites

of daxzazs, conseyuently, in the most advantageous sysace Irom the
standpoint of thermokinetics. Its increased efficiency is apparently
deterrmined thereby, as a result of which tze minimum voszible time
constant will be obtained for the equalization curve znd the subse-
quent turnover of the pressure difference under and atvove tne flutes
of che bubbling condenser. Seventhly, by means of the arrangement
of the local subsystews of the sprinkler-sprayers, orisrtsd obliguely
apward with a slope to the bubbling coandenser, in compgarison with
the perforated sheet steel of the water traps used to date, the fol-
lowing are obtained: am improved decey of the water, increase iz

the residence time of the water drops in the space, in which case
alsc as a result of the cascade discharge of part of the water through
the lower-lying water traps, increased use of the space of the bub-
bling condenser sprinkled with water by the sprayers, an increase

in the turbulence of the whirling motion of the steam-air mixture,
located at the "dead" sites between the individual levels of the

bubbling condenser at the wall, beycnd which are the chambers or air

=11-
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samziers. All the said facters positively influence <'.e vrocezzs ol
enersy Wi Lzsad (ronsfer otetween ths medis snd materials inversesi
here. Zignutly, after evaluating all tue above advertages on the
teir verification pricr to exploitstion, it iz possi~

to rredics szither a decrease In the existing system of localizing
0
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n its value, or an incrsased
Tection of tuie sgurrounding mediunm ol future APP of thsz given gener-
stion on which the imprcved system of locallizing mishaps in the
serse of the present invention will be used.

The basic layout of the supplementary apparatus sznd its connec-~
tion to the existing bubbling-vacuum system for localizing mizhars
is depicted on the attached drawing. TFigure 1 shows the convent-
ionalized scheme of the modified set of arrangements fov reducing
the pressure ia the hermetic spzces, which ariseé‘as a result of
misheps in the primery conduit. The following are shown: (1) her-
meticaily sealed shell, (2) liniting first spece, which contains,
in particuler, (3) the reactor, (5) the primary conduit, (6) the
stean gensrator, ani (7) the circulating pump. By means of the
channel (3) the first space (2) is connected with the second space
(9). Tte bubbling condenser is located in the shaft part of the
channel (8); it consists of the water-filled flutes (11), above
which the cabinet (13) is located, from which moist air can flow
through the check valve (18) into the second space (9). The active
sprinkler condensation apparatus (19) is located in the first space
(2); it is connected with the aid of the pressure conduit (20) to
the sprirnkler pump (21), usually equipped with the unnumbered check

value used here. The sprinkler purp (21) draws water first fron

-12-



. ORNL/TR-89/14

she tarni (22) and after its emptying from the sump (22), in which

ras2 <he s:=ig water is firat cooled on & heat-excran:

-
-~

gr (2+), uni
is %hen vurified on an ion~sxcuounges filter (2). Oniy tus niw zun-
plesmentzry apparatuses are given, sc7e o which are th- oulser in
the claim of a specific protection. These are, nernely: the pussive
autonomous sutsyatem of sprinxler-sprayers (26) and the passive
local subsystem of sprirkler-sprayers (27), variously connacted by
mezns of the conmecting comduit (28), on which the automatic isolat-
ing valve (29) with servo-drive (33), the check vslves (3C) =and thre
cutoff valve (3%32) are installed. The improved water trap (31)
also be zssigned to the new suprlementary arrangement. The function
of the existing set of arrengements, i.e., rigut up to the ion-ex-

change filter (25), is given in the specification for the Author's

l’

Certificate No. 177368, so it is not recessary to give 1t here.

The function of the protected supplementary arrangement is as fol-
lows. BShrortly before completion of the first stage of tae mishap,
i.e., rrior to egualizz=*tion of the fressures in thz first space (2)
and in the second space (9), the startup impulse (+P) is given; it
is designated by a dotted line, and opens with the aid of ths servo
drive (33) the automatic isolating walve (29), as a result of which
a discharge of water occurs from the highest-lying flutes (11) and
its gravitational spraying with the aid of the passive autonomous
subsystem of sprinkler-sprayers (26) and/or the opening of the cut-
off check valve (32) with the aid of the sprinkler cordensation ap-
paratus (19). 'An intense contact condensation of the discharged
steam occurs precisely in the space from which the eir disappeared,

which rapidly causes an initiaticn reduction in the pressurs in

-13=
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(2) an’l conseguently a zubse ivent inflow
and discharge c¢f water from the fiutes (11) on the cabinzt (13).
Water is Z+3 inTo =211 the srrinkl:ze subsystems deplcteld <hrourh the
water tran (Z1), constructed together with the cubinet (13) foz
+taking the zatire water volums from one norizontal group of flates
(11), axnd through the conrecting conduit (28). With the aid of

these subsystems, the water is subjected to decay znd to

lc‘;
c.;

in the form of drops in the first space (2), a component part of
whick is also the channel (8), which consists of a horizonzal cor-
ridor part and a vertical shaft part. As a result of this organiza-

tion of the condensation of the steam libsrated during a mishep ty

-

means cf all the water suitable for use frem the sufficiently nighly
placed flutes (17), a sudden and substantially increased drop in
the pressure of ‘he steam-air mixture occurs in the first spuce (2).
The rapid transition to evacuation, or only to maintenance of the
rode of the slight vacuum obtained in the first sp:zce (2) is also
the effect of the reliable functioning of the sprinkler pump (21)
here. It should also be noted that the startup impulse (+P) can
be replaced or linked with a repeated opening of the check valve (8).
The preliminary considerations were used in a specific design
solution of the hubbling-vacuum system of localizing mishaps in =
standard APP with two water-water reactors having a heating power
of 2 x 1375 MW. Each of the reactors has its localization system,
represented by a bubbling condenser containing 1400 t of water in
flutes arrarged in 12 levels. After inversion of the difference in
pressures between the steam-water mixture under the flutes =nd the

roist air above ~“he flutes, 1170 t of water heated to cz. 57°C
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rom tie rrior wubiling suddenly flows out. The capiure =nd 4disin-
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tegration of &02 tons cf the 5ald water through the perforated ple-
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tremms are provided for of this
amount, wWiich according to caleulations should lead To =z presswre
drop in th2 hsrmetic first spwece from a value 2f ca. 0.15-C.195 [Pz
to a value of ca. 0.14 MPa. As a result of a simple coaversion for
the utilization of all the watsr flowing from the flutes again pro-
rosed here, we obtair the value of a "finel qguasi-static" absoluts
rressure within the limits of 0.0872-0.0%z5 MPa, which indicates
the real poterntial of rapidly obtaining the aypropriats evacustion
only with the aid of the bubbling condenser itself.

It can te assumed that afssr 4 more deteiled calculation-model
verification and subseguent evalustion of the above advantages of
the sald ixzproved bubbling-vacuum system of localizing mishaps
will heve great expectations for a raprid introduction and dissemin-
ation not only in Czechoslovakia, but also in the pertinent foreign

countries.
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