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1. Introduction
‘ 1

The purpose of the report is to provide a comprehensive
survey of the relief system. Important relationships in
Jregard to the system's use are made clear and the require-
ments on individual components are justified. The indi-
cation of very specialized data and information was in- *
tentionaily digpensed with for the sake of a better survey

and, instead, reference is made to detailed reports and
specifications. This facilitates the search for detailed

information.
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Description of the relief system

Two relief pipes branch off from the main-steam lines in the
upper annulus of the drywell. They lead }nto the suppression
chamber, which is partially filled with water, and are sub-

‘merged in the water pool (Figure 2.1). This system, called

‘the relief system, is used to relieve the pressure in th%

reactof pressure vessel in the event of accidents (e.g.,
failure of the main heat sink). For that purpose, main steam
is blown into the water pool of the suppression chamber and
is condensed as water. The total of 7 relief lines, which
are equipped with quick-opening valves, are connected to.the

main-steam lines inside the drywell. Figure 2.2 shows the

‘relief system beginning at the valve. It consists of the

relief valve, restraining structure, blowdown pipe, pgrfo;ated-

pipe quencher, bottom mount and protective tube. -

¥

Each of the 7 main valves is equipped with two separate éilot
valves (Figure 2.3) which can be actuated either by internal

means (steam) or by external means (electromagnetically). .

®

Figure 2.4 shows a section through the spring-loaded pilot-
operated safety valve. After opening the control valves;
steam flows from the reactor via the control line into the

pressure chamber of the maip valves and the vqlée opené.

¥
The valves are arrangged in three groups which are actuated at

different reactor pressures (Section 3.1). 3 valves are.

\ ‘. N

-






provided for the automatic depressurization mode (Section 3.1).

The arrangement of the safety-relief valves is illustrated
diagrammatically in Figure 2.5. From the Figure it is ob-
vious that the various groups of valves are distributed

uniformly over the circumference of the suppression chamber.

¢
The 3 valves which are actuated for automatic depressuri%a-

tion are also distributed along the circumference. In this
way, adjacent valves are not actuated simultaneously (except
in the safety mode (Section 3.2)) and the pooi is heated

uniformly when there is a high thermal load.

A fitting with an orifice plate is connected to the relief
valve. - It is followed by a second fitting with two connec-
tions for snifter valves, to which is connected the blowdown

pipe with a nominal bore of YN mm (Figure 2.2).

The orifice plate is meant to generate a steam velocity which
is uniform in time and space by limiting th? extent of the

supersonic "braid" emerging from the valve.

*

The snifter valve opens at a low adjustable underpressure in
the blowdown pipe with respect to the pressure in the drywell
and allows air to flow in so as to equalize the pressure.
Large fluctuations of the water column in the blowdown pipe
can thereby be avoided. More details éf this process are
described in /1/. %

»
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The blowdown pipe widens in the suppression chamber to an

inside diameter of WA mm and is drawn in again to a ngminal

bore of N mm at the water level. The submergence of the

quencher is about “z;: with respect to the normal water level
' ' ]

and centerline of the quencher arms. ' oo

- ’

‘ H
Figure 2.6 shows the construction of the perforated-pipe

quencher which is gigidly connected ‘to the blowdown pige.
The central member of the quencher between »the”blowdowrﬂx pipe
and the 4 quencher amms is a ball. The angles between the
arms are so chosen that favorable installation conditi?ns
are achievedl in the suppression chamber (Figure 2.7). ¢The

. perforated-pipe quencher is built wi}:h. a total of“““

.L“\‘ ™m di‘amete&:t Two quencher arms, whiéh point in the

" game circymferéntial direct&.on, each h;ve“thrust bores
in ,the arm bottom in order to produ‘cpe a circulating flow in

the suppression chamber so aa; to obtain a uniform temperature

mixing of the pool water.

TheNMhole arrays themselves are arranged aymetricé:li‘y and

thus in a neutral-force manner on the gides of éhe qu’ex;chex:

. arms’.

¥

A= o ew

The installation conditions and arrangement of the perforated-

pipe quenchers in the suppression chamber ‘are shown in Pigqre

' ,2.7. The perfor&ted-pipe quencher makes possible a calm’ .

. " condensation up ta high ppol’temperatures Q.“ C) and re-

‘duces the pressure oscillations which occur during clearing

of the blowdown pipes.
8~8
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The restraining structure near the valve represents the anchor
point of the relief system. A diagrammatic illustration is

shown in Figure 2.8.

The bottom mount is fastened to the sandwich structure by,
webs. The connection between the perforated-pipe quencher

and the bottom mount is so designed that a displacement of’,

-the perforated-pipe quencher in the vertical direction due to

thermal expansion of the blowdown pipe is pbssiblel(Figure
2.9).

The task of the bottom mount is to guide the system and to

absorb the transverse forces and moments about the vertical

axis which act on the quencher.

8-9

A e mvwiw e omw B PET RN






{
l

Arra gz oew x

Use of the relief system

The description given here is taken essentially from /1/.

The safety/relief valves protect the pressure vessel in the
eve;t of pressure excursions. They prevent the reactor pres-
sure from exceeding WA\ times the pressure-vessel design.
preséure, even from maximum possible pressure transients.

In the event of a loss of coolant and failure of the coolant
injection system in the automatic depressurization mode, the
valves also provide for a lowering of the reactor presbuﬁe
in order to make possible the injection of water by the éHR
system and the core spray system. The valves are also Q;ed

briefly together with the turbine bypass systems in order to

prevent a shutdown of theA:eactor in the event of a "Turbine

tripout” or "load rejection" accident.

“

The main valves have a dual function as combined safety and
relief valves. The pilot valvés open electromagneticallx
both in the safety function and in the relief function.' %he
main valves are opened and kept open by internal means. Due
to the higher response accuracy, the electrical control 'sys=-
tem permits a more exaét gxcitation of the valves and tQus

a closer staggering of the response pressures in the ev?nt

" of pressure excursions. The electricall control system also

makes it possible to open the valves and keep them open, as
is necessary for automatic dépressurization and when they

are used together with the turbine bypass system. The pilot

8-10

. wlw  erax






o

weu siene ma:

3,1.

solenoid valves also receive a pneumatic supplementary load
which is controlled via separate solenoid valves. This
second external energy source, in combination with the elec-
trical system, which is installed for the opening process,

permits a very exact closing of the valves.

Use for relief function

The main valves are opened by one of their two control valves

in the following cases:

- Turbine tripout

Because of the limited capacity of the turbine bypass system
‘(MM of the nominal steam flow rutt;) + 1 valve opens for

ca, Misec at a reactor power of WANAWNN full load and 1l addi-
tional valve opens for ca. ‘sec;at W full load.

These two valves are designated by TSS in Figure 2.5 and. are
actuated directly from the Geamatic. The reactor pressure

is thereby held at 70 bar. .

v

- High reactor presgure

If the reactor pressure rises impermissibly due to failure of

the control system or components, e.g., in the event Ff a

turbine tripout caused by fallure of the main condenser,uthen

. the relief valves, staggered in three groups, open at the

following set pressures:



R
.



a

1st group ANANANANMAANMNMANRAN
2nd group ANANAMAMMMRARRRNY
3rd grour ANAMANAMRAARRRRRY

in order to handle this pressure transient. ‘The time varia-
tion of the reactor pressure is plotted in Figure 3.1 to-
gether with an indication of the response marks for scram
and safety/relief valves. The following boundary conditions

are applicable:

- failure of the main heat sink
- reactor at nominal load
- reactor shutdown due to high neutron £flux and

- control-xrod fast-insertion time of 5 aéc.

v
2 "

A detailedudgscriptién of the transient operational and acci-
dent behavior is contained in /7/.

- Hold at pressure and temperature when the main heat sink

is not available

Following the‘scram, the residual heat is removed by periodic
]opening of several valves in the firsthWA'seconds and 1 valve

thereafter.

- Emergency shutdown when the main heat sink is not available

The reactor is depressurized in NN hours by repeated manual

opening of one valve according to a prescribed pressure vari-

ation.

8-12
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- Automatic depressurization in the event of loss of coolant

.In the event of a loss of coolant, one relief valve is opened

automatically in any event in order to depressurize the system
gradually. This occurs only if the liquid level in the reac-
tor pressure vessel is high enough and, at the earliest, AN

minutes after appearance of the accident criteria,

At a reactor pressure below.“bﬁr, W relief valves are opened

in the event of a loss of coolant in order to create a closed

emergency cooling loop: suppression chamber - pump - reactor -

suppression chamber.

Finally, the depressurization system is used as a redundancy
for the coolant injection system. If the coolant injection

system does not gonvéy a sufficient amount of water into the
reactor when needed, then QA relief valves are opened in order

to bring the low-pressure emergency cooling systems quickly

into use by means of a rapid lowering of the pressure.

.

- Performance test

Each valve can be actuated individually by hand during opera-

tion. .

Use for safety function i

In the improbable event that several valves should not open

1
ih their relief function during a reactor pressure transient,

v
P

8-13
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the control valves open the main valves in the safety func-

tion on the basis of a reactor pressure of RNANANAN bar.
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Operational boundary conditions

The relief system must satisfy the following boundary condi-
tions in régard to the reactor pressure regulation and the
effect on the pressure suppression system., This description
represents an extension of the compilation of operationa;

boundary conditions previously contained in /1/.

The nominal flow rate of one relief valve is XA t/h at a
reactor pressure of X\ bar.* This flow rate J';S utilized, in
accordance with the relevant standards, as a basis for't}e
calculation of reactor pressure transients which are covered

by the safety function.

A value of \X\\t/h at Q\\ bar reactor pressure is expected for
the actual flow rate by the valve manufacturer. The flow
rate actually expected by the valve manufacturer is shown in
Figure 4.1 as a function of reactor pressure. The design’of
the pressure relief system, especially the perforated-pipé

quencher, is based on this flow-rate variation.

At high reactor pressures, a critical pressure ratio prevails
above the seat of the safety/relief valve. The flow rate
through the valve is then determined by the reactor pressure
and is approximately proportional to it. If the reactor pres-

sure drops tB low values, then the pressure above the valve

% Translator's note: ¢t = metric ton = 1000 kg

8-15
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seat finally drops below the critical pressure gradient and

the flow rate decreases superproportionally with the reaétor

'pressure. Since the blowdown capacity plays an important

role at lowered reactor pressure for the automatic depressuri-
zation mode described in Section 3, the flow rate per relief
valve for low reactor pressures was plotted in Figure 4.2.

The upper curve corresponds to the flow rate through the

valve as indicated by the valve manufacturer. In the plotted
rangé of reactor pressure, these values also apply in prac-
tice for the flow rate through the relief system with the

perforated-pipe quencher inserted further on.

The reduced flow rates illustrated in the lower curve occur
for a pressure of I\\N kg/cm? (absolute) "in the air space of
the suppression chamber. The flow rate through tﬁe relief
system at lowered-reactor pressure is only slightly influ-
enced by the perforated~pipe quencher (for reactor pressures

NN kg/cm? (absolute)) but more strongly by a rise of the

.
1

suppression-chamber pressure. '

The variation of the liquid level insidé the core ahroud'
during the automatic depressurization following a BN cm?
leak and failure of the coolant injection system is plotted
in Figure 4.3. The illustration makes it clear that the
liquid-level variation is favorably influenced at elevated
pressure in the suppression chamber. This result is due to

the fact that in the event of an elevated pressure in the

8-16
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. 4.3.

suppression chamber, the low-pressure coolant injection sys=-
tem can already inject coolant at a higher reactor pressure
and can convey more coolant at the same reactor pressure.!
The reduced flow through the relief valve is thereby over=

compensated. As the accident proceeds further, heat is also
removed to an increasing extent via the injected cold water

and an additional lowering of the pressure is effected.

In order that the pressure in the reactor pressure vessel not
rise impermissibly, e.g., in the event of failure of the main
heat sink, the valve opening time of the safety/relief valves
may not exceed NN\ \Nwith an additional dead time of AW
second. According to the measurements with KWW valve /8/,
the expectation value of the opening time is about BEAms.
However, shorter opening times down to m ms must not cause
lmpe}missible loads (in this regard, aeé Section 6). The
valve opening time is defined as the total setting time of:

B v
the valve. ‘

During the opening process, the flow rate increases in pro-

portion to the time.

%

[
’

Water_level and_submergence

The nominal water level is plotted in Figure 2.2. The sub-
mergence of the quencher relative to the arm axis is 3.975 m
for normal water level in the suppression chamber but the sys-

tem must also remain operable for deviations of @NAN and

8-17
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AKX m in the water level; the latter, of course, in the

évent of sharply reduced reactor pressure (see Figure 4.4).
Detailed information is contained in /6/ concerning the con-
densation of the steam when the quencher submergence is very
small. When the depth of the water covering the quencher

arms is only NAN\N)arm diameters (SNNWANNNcm), a steam flow
rate of X\ t/h can st/:ill'be condensed completely. An appre-
ciable lowering of the water level below the nominal value
occurs if the suppression pool water is used for core flooding.
The lowest water level occurs in the event of a so-called

runout of the suppression chamber. In the event of a suppres-

" ‘sion chamber leak having the size of a connection line, the

relief system must still be capable of permitting an auto~-
matic depressurizagion. In this case, at least the design
pressure of the ccﬁtainment must not be exceeded. Figure
4.4, taken from /1/, shows the decrease of the flow rate with
decreasing water level in the suppréssien chamber.

.
.

Temperature distribution in the suppression chamber during -

geiief processes

A most uniform possible temperature distribution of the water
in the suppression chamber is necessary because then

=~ the heat capacity of the water is better exploited and

- thermal stresses at the walls and bottom due to nonuniform

heating are avoided.

8-18
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In order to achieve a uniform vertical temperature distribu-

tion, the perforated-pipe quenche£ was installed very deep in
the water space of the suppression chamber (Figure 2.2). The
w&fm, specifically lighter water rises, mixes with the colder
water situated above it and a uniform heating of the pool in
the vertical direction is obtained. Due to a strong large-
scale turbulence in the pool, which is generated by the flow
processes and condensation processes at the quencher, a suf-
ficient quantity of heat is also delivered to the water below
the quencher /1/. (

A uniform mixing in the circumferential direction is achieved
by the thrust bores in the bottoms of two arms pointing in
the same circumferential direction. The water is set into

a slow motion by this one-sided impulse on the water mass.

Aﬁ important acti;e element for the mixing of tﬁé pool ;até}
is the recirculation cooling system. After an averaged pool
temperature of XY C is exceeded, water is taken {rom the:
lowest point of the pool, cooled and carried b;ck, distributed
over the circumference of the suppression cﬁamber, via four
RHR legs near the water surface. In this manner, a recircu-
lation of the suppression pool water is effected every half
hour by the four RHR legs shown in Figure 2.5. This measure
alone already produces a uniform temperature distribution,

since the emergency shutdown of the reactor is extended over

W hours, for example, i.e., over a QR -times-longer time.:

;

8-19 |
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On the basis of the numerous investigations performed in /1/,

it can be assumed that the maximum deviation of the tempera-

ture in the pool of the suppression chamber does not exceed

AW C, except for regions in the immediate vicinity of the

steam outlet. This difference should be maintained even if

,
|

the pool is heated by \ROWNC by one or more blowdown lines
during a blowdown process and, simultaneously, 2 out of 4

RHR system pumps are in operation.

.-

The temperature range of the pool water in the vicinity of
the quencher at which the blowdown can be effected with full
flow rate should be at least between QN C and AW C. With
a linearly decreasing flow rate, it must still be possible
to pass through the temperature range from NANAMAMMNMNN
according to Figure 4.5. This stipulation was based on a2
mean pool temper;ture of up tofAXN\C for full flow rate and
a maximum permissible mean pool temperature of BANAC and the

above-mentioned nonuniformity of the water heating.

4.5. Permigsible_pressure loads_on_the_suppression chamber -

A distinction is made between two types of loads which gener-
ate pressure loads on the suppression chamber during opera-
tion of the blowdown lines. First, after opening the valve
the water slug in the blowdown pipe is expelled, whereupon
the air in the pipe is compressed: When this air is expelled,

brief pressure oscillations are generated which act on the

/‘\

bottom and walls of the suppression chamber. This process

is described in detail in /S/. The pressure loads to be

8-20
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4.5.1.

4.5.2.

expected are also indicated there. Se;ond, pressure oscil-
lations which depeﬁd on the steam flow‘rate and the water
temperature occur during the steady~-state condensation Sf
steam. A detailed description of these processes and the
ex?eéted pressure amplitudes is contained in /i/. Both loads
are to be limited to the following limiting values in the

plant: ‘ ‘ '

For a reactor pressure of up to 88 bar and for the specified
valve-opening times, the air oscillations on the bottom and

wall should not exceed the value

G A,

during blowdown of all valves in the safety function.

Pressure oscillations during condensation

&

Por the specified range of flow rate and temperature, the '

pressure amplitudes on the bottom and wall should be kept

belouf% atm.

8-21
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5.1.

5.2,

Requirements on individual components

The requirements which should ensure the-.operation and Jtili-
iation of the individual components are compiled in this
Section, taking into consideration the design details of the
pressure suppression system. In addition, an extract froﬁ

the specifications for the individual components is reproduced.
However, only the most significant loads are considered and
reference is made to the individual specifications for the

others.

Relief valves

Qhe safety/relief valves are used fér pressure limitation in
the event of accidents with a pressure rise in the reactor '
pressure vessel and for pressure relief in the event of loss-
of-coolant accidents. The xequiremenés with respect to re-
sponse pressures, opening times and blowdown capacity and the

data determinative for the design are indicated in /2/.

Perforated-pipe_gquencher and blowdown pipe

The processes during vent clearing and the model extended for
the perforated-pipe quencher to calculate the clearing pres-

sure are described in detail in /S5/.

.The pressure profile in the blowdown pipe during clearing due !
.to pressure transients (RARAARNRNMRAWNRY) is plotted :

versus time in Figure 5.1. For an extremely short valve- ;

opening time of @ ms, a maximum possible pressure of ANANA

8=22 :
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5.3.

results in the blowdown pipe, conservatively neglecting the

rate of condensation of the inflowing steam at the pipe wall

and at the water surface.

For an assumed Elﬁlreduction'of the outlet area of the

- quencher, the steady-state pressure in the nozzle is (M bar.

BN response cases (produced primarily in the "Hold at
pressure and temperature" accident) arise with respect to
the valve actuated in the first valve group. A total of
VMW \clearing processes result from this accident. All
other response cases together, such as emergency shutdown,

depressurization, etc., then amount to \NAWA

The other requirements relating to the load on the perforat-
ed-pipe quencher and blowdown pipe are gpecified in /3/ for
the operating conditions

- vent clearing

- gteady~-state condensation and

-~ intermittent condensation.

Bottom mount

The bottom mount of the quencher (Figure 2.9) is so con-

structed that the flow around the gquencher arm is not impaired.

The task of the bottom mount is to absorb the transverse
forces and torsional moments acting‘cn the gquencher during
the clearing process and steady-state condensation. The val-
ues applicable in the individual load cases are specified in

/4/.
8-23
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5.5.

Restraining structure

The restraining structure (Figure 2.8) forms the anchor point

of the relief system.

It supports the outward-acting forces

and moments especially during vent clearing, but also during

condensation. The load on the restraining structure is speci-

fied and described in detail in /9/.

Protective tube
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Discussion concerning the failure of individual components

A failure of the valve is conceivable in the following form:

- A valve jams and does not open. In this accident, the re-

maining 6 valves can be used.

- A valve jams at first and then opens suddenly when full sys-
tem pressure appears on the control pressure side. This
perturbed opening behavior of the valve is taken care of by
very small valve-opening times of onlynOMNms, which are
allowed for in the design of the system. Smaller opening

times are not possible according to /8/. Furthermore, the

GKM¥ tests, in which a larger pressure is present on the con-
trol pressure side than on the system side, demonstrate that

the valve-opening time in the plant cannot be less than AN

ms.

A failure of the safety/relief valves to close can be caused
by a fajilure of the pilot valves (which are present in dupli-
cate) to respond. Accident sequences which could be prééﬁced
in this manner are excluded by a limitation of the pool water

‘temperature, which produces a timely shutdown of the reactor.

In order to prevent an impermissible amount of water from
collecting at the valve seat and also in the control line,
which delays the valve opening, the valve is drained and the
control line is also provided with a specified drain hole.
On the other hand, these intentional leakage points, which

8-26
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also include the leakage via the piston rings, have such small
dimensions that an impermissible amount of steam cannot flow

out from the control side.

Should the redundant snifter valves not close comﬁletely, then

a leak is produced in the drywell.

The quencher is so sized and made safe by production monitor-
ing and inspection that a tearing-off of the perforated-pipe

quencher or one of its arms can be ruled out.

. o In the event of a leak in the blowdown pipe, the protective
tube prevents an emergence of steam into the air space of the
suppression chamber. In so doing, the load reduction achieved
by the quencher is maintained, since the protective tube and
the blowdown pipe form a small annular gap only AN@mm wide in

the water space of the suppression chamber.

Otherwise, the protective tube represents a redundance of the
blowdown pipe. Therefore, the same loads due to internal ‘pres-
sure and temperature have been specified for the protectivé

tube as for the blowdown pipe.

The torsional moment exerted on the quencher is transferred to
the bottom mount through guide bolts. The bolts have a re-

dundant construction.

./\
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Figure 2.9
KKB - Bottom mount of the perforated-pipe gquencher
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Flow rate per

relief valve
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t/h
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| Flow rate according to
valve manufacturer's
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N

N
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low rate with a pressure ofTNX\Nkg/cm?

(absolute) in the suppression chamber

kg/cx:2
{abs.)

|
!

3

& 5 6

8

10

20 30 ate
=~ Reaktordruck

Reactor pressure

Abblaseleistung mit der Lochrohr-

dise bei abgesenktem Reaktordruck

Blowdown capacity with th
lowered reactor pressure
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