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tained therein requires the written approval of KRAFTWERK UNION

AG. Moreover,. this report is communicated under the assumpticn

that it will be handled confidentially.

11-3



B

w

TABLE OF CONTENTS

1.
2.

3.
3.1
3.2
3.3
a.
4.1
4.2
4.2.1
4.2.2

5.1
5.2
6.

6.1

6.1.1

6.1.2

6.1.3
6.2
6.3
7.

8.

Introduction

Opening time and flow rate of the safety/relief valve
Internal pressure in the blowdown pipe and quencher
Expected vent clearing pressures

Expected steady-state pressures

Measurement of the pressure

Vertical impulse force during water impulsion
Expected values of the vertical impulse
Measurement of the vertical impulse

Strain measurement on the blowdown pipe

Strain measurement on the restraining structure

Transverse force and torsional moment on the gquencher
during operation

_Expected values of the transverse force on a quencher

Measurement of transverse force and torsional moment

Pressure at the bottom and walls of the suppression
chamber )

Expected values during vent clearing
Maximum pressure amplitude near the quencher

Pressure distribution in the circumferential direction
and in the vertical center section

Superposition during the c%earing of two quenchers
Expected values during condensation

Measurement of the pressure distribution

Forces on internal fittings due to relief processes
Temperatures

Tables .

Figures

References

«?






-’mutn-.

4
1. Introduction

. The start-up tests in the Kernkraftwerk Wirgassen (KWW) [Wirgassen

5

nuclear power plant ] show that large forces can be exerted on

. 7 the containment by ‘,the pressure relief system. These involve air
oscillations during vent clearing and the pulsations for conden-
l ) sation at high water temperatures. In a development program with
! model tests in the GKM at a 1:4 scale, it was possible in the
surmer of 1972 to achieve a teductﬁon of the air oscillations

with a lower=-limited valve opening time and an adéitional pre-

l C impingement of steam. TestS in the KWW confirm the expected

bottom pressures /1,2/.

. ' This was followed by another development phase whose aim was to
' reduce the '‘air oscillations and to make the temperature Jl.i.mit,for

’ the condensation less critical, using passive measures. Litera-

: ‘ture studies and screening tests in the GKM and model tank in -
the winter of 1972/73 /3/ led in April 1973 to the choice of
t;he {perforated-pipe quencher.

The essential model parameters were investigated in tests with

& model perforated-pipe quencher. Test results and their .inter-

‘ pretations are contained in /4,5,6/.

The conclusion of the development program is to be the non-
nuclear hot tests in the Kernkraftwerk Brunsbilittel (KKB) [Bruns-
biittel nuclear power plant] with the actual geometry. A test

program with extensive instrumentation was set up for those tes:s/7/.

v
S
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The intended test sequence is contained in Table 1. The purpose
of the present report is to indicate expected values for the
tﬁermohydraulic quantities and parameter studies regarding the
influential factors. These values and diagrams make possible

an immediate evaluation of the measured values and an extrapola-

tion to other operating magnitudes. .

The measurement of the magnitudes of interest is described. The

measuring points of thermchydraulic importance are plotted in
Figures 1.1 to 1.5. The strain measurement points essential for
determination of the forces are indicated for quick evaluation of

the load-stress variations.

The deformations of the structure due to the applied loads are

not a subject of this report. Additional measurement points are

available during the hot tests to stuéy this complex problem.
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gpening time and flow rate of the safety/relief valve

Opening time and steam flow rate of the valves are not only of
importance for the stressing of the relief system and suppression
chamber, but also have considerable relevance from the étandpoint

of safety. Accordingly, these values deserve special attention.

Measurements of the opening time are already available, especially
for the KWW valves built according to the same principles but

In addition, there are

designed for lower flow rates /8,9/.
measurements in the GKM test stand for low system-pressures.
Frpm these, an expected value of ca. NX\¥ms is derived for the
KKB valve. 1In the load data of Sections 3 and 4, the opening time
is varied from MNNMMM ms in order to point out its influence
and make interpolations possible when there are deviations from

the expected value.

~

In order to be able to judge the overall opening behavior of
the valves, the "not closed" and "open" contact signals at the
pilot valve and the pressure variation in the control line are

measured in addition to the 1lift vs. time variation at the main

valve. -

Figures 2.1 and 2.2 show the valve flow rate expected by the

valve manufacturer as a function of reactor pressure. This flow

rate can be measured through the flow limiter ingtalled in the

main-steam line at the outlet of the reactor vessel (see Figure

2.3). Figures 2.4, 2.5 and 2.6 show the calculated characteristic

»

11-7



- ,




curves of the flow limiter used to evaluate the measurements.
For comparison, the expected flow-rate variations for. blowdowns

from one and two valves are plotted in these characteristic

curves (Figure 2,5 and Figqure 2.6).

’ 11-8 .






-
-~
1 4

H . 4
“ -
. R

.
*

3. 1Internal pressure in the'blowdown pipe and guencher

v

After the valve opens, steam flows into the blowdown pipe filled

with air to the water level and causes a pressure rise which

B

. leads to expulsion of the water slug. As this happens there is

a transient pressure-maximum (the so-called vent clearing pressure)

v
*

.

which subsequently changes into the steady-state pressure. .

<

13

B

-

3.1 Expected vent clearing pressures

d For the relief system with perforated-pipe guencher, a theoretical
vent clearing model was developed which représents an extension of
| the corresponding model for the plain-ended pipe and was adapted'
’ ' to the GKM tests /5/. The expected values of the vent clearing
éressurercalculated with this model are shovn in Figure 3.1 as a

fﬁnction of the reactor pressure and valve 6pening time. The

'

loss factor in the nozzle was fixed atX\\las an upper estimate.

However, Figure 3.2 makes clear how slight the influence of this

factor is on the vent clearing pressure.

"

In Figure 3.1, the maximum vent clearing pressure of \X} bar results

for a reactor pressure of \N\] bar and a valve opening time of

|
-“
.
.
.

-
a

e T, . W\ ms. The specification-is based on this valgéﬁ L. .

. »

- " -
-
I3 +

Figure 3.3 shows the influence of an initial overpressure of
0.2 bar in the blowdown pipe. A clear reduction of the vent
clearing pressure results from the lowering of the water level

in the blowdown pipe caused by this overpressure.

u ' ' 11-9
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3.

3.3

’thg quencher inlet (Figure 1.3).

2 Expected steady-state pressures
» ]

From the GKM measurements we can infer the steady~state pressures
at the quencher to be expected in the plant. In Figure 3.4, the
pressure to be expected for the KKB quencher is plotted as a
function of the reactor pressure for the valve flow rate indi-
cated by the manufacturer. For comparison we also note the
pressure rise that would result with alQX] reduction of the
quencher outlet area. The specification value for the ﬁaxim-m

steady~state internal pressure is N bar.

Figure 3.5 combines the representation of Figure 3.4 into a

curve in which the steady-state pressure is plotted as a function

of the mass flow density relative to the total outlet area.

The effect of friction in the blowdown pipe is élight. For high
flow rates, the pressuie expected after the oiifice plate which

is inserted after the valve is only ca. MW bar higher than just

4

before the quencher inlet.

Measurement of the pressure.

The pressures in the blowdown:-pipe are measured just after the

orifice plate, sometimes also before that plate and just before

Fast pressure transducers are

used and the measurement values are recorded transiently.

a
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4. Vertical impulse force during water expulsion

-4.1 Expected values of the vertical impulse

The water accelerated after opening the valve in the glowdown

pipe is deflected in the quencher from vertical to horizontal
motion. Consequently, there is exerted on the nozzle a downward
directed vertical force, equal in magnitude to the water's impulse,
which is passed on from the blowdown pipe to the fixed point of
the system. The non-steady motion of the water can be calculategd
with the vent clearing model described previously. The instan=-
taneous impulse of the water can then be derived from it. The
vertical force increases as the water accelerates and vanishes

as soon as all the water has passed the spherical central body

of the quencher.

Figure 4.1 shows the calculated maximum vertical force as a
function of the reactor pressure and valve oﬁening time. As in
Section 3, the loss. factor in the quencher was set equal to RANAN
Fighre 4.2 shows clearly that this value has a distinct
influence on the vertical force (as opposed to its effect on

the clearing pressure). The expected loss factor is between

AN and AN,

éiéure 4.3 shows the effect of an initial overpressure of BNM

bar in the blowdown pipe, which causes a distinct reduction of

x

v

the vertical force.
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Measurement of the vertical impulse

The vertical impulse is measured in two different ways.

Strain measurement on the blowdown pipe .

I-'i'gure 1.3 shows the positions of the strain gauges DS 1,2
arranged on the pipe in the longitudinal direction. These strain
gaugeé detect the strains resulting from internal pressure, from
temperature due to a heating of the inner wall and from the

vertical impulse to be measured.

»

Figure 4.4 shows the longitudinal stress on the pipe due to an

internal overpressure.

Since the temperature stresses on the outside of the pipe duve to
a temperature jump inside the pipe are practically proportional
to that'temperature juzp, the representation can be limiﬁed to a
normalized temperature jump of N\N°K. Figure 4.5 shows the
temperature rise in the pipe, nomal’ized in this way, for vent
clearing times of IX\XMX\'and \\} ms, it being assumed that the
actual temperature corresponds to the saturated-steam temperaturé
of the steam: according to the occuz"ring steam pressure. Figure
4.6 shows the time dependence 6:’ the stresses on the pipe's outer.
axis resulting from these temperature variations, according to
the stress calculation described in /10/. The temperature
variation from Figure 4.5 was approximated here by 2 staircase

function with a step size of Ny ms.

11-12 .






Finally, Figure 4.7 shows the stress as a function of the vertical
force to be measured.

|

4.2.2 Strain measurement on the restraining structure

A second measurement of the vertical impulse results from the
strain gauges DS 24,25 (Figure 1.3) on the restraining structure.
Figure 4.8 shows the stress on the vertical supports as a

function of the vertical)force to be measured.

. 11-13
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5.

5.1

Transverse force and torsional moment on ‘the quencher during operation

In this Section we consider only those forces which arise from
the operz;tion of the quencher itself. Added to this are forces
that occur when the adjacent quencher is in operation. These are
discussed in Section 7. The total force results from the sum of

these components. ! *

Expected values of the transverse force on a quencher arm

The forces on the entire quencher measured in the GKM test stand
were transposed in /5.11.12/ to the conditions preseat in the

plant. For the specifications, the determination of the maximum

transverse force on a quencher arm was based on the most unfavorable

-measurement value for the entire quencher. In dividing the force

among the individual arms of the quencher, it was assumed that the

total force is genert;ted by only \N arms. The division was done

~in such a manner that the most unfavorable transverse forces

resulted for the individual arms.

This specification value for the transverse force is to be com-
pared here with an expected value. Instead of the maximum value,
we start out from a mean measured value smaller by a factor of

AN Furthermore, it is assumed that only XO\N] of the force is

‘generated by arms. The remaining quarter results from the

other two arms. In this way, the mean expected value correspoxldf
-3,

to half the specification value. The following Table makes

this clear.

“11-14
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Type of operation

Expected mean
transverse force
on a quencher arm
(static equivalent
load)

Specified
transverse force
on a quencher arm
(static equivalent
load)

Clearing after
opening the valve

See Fig. 5.1“

See Fig. 5.1

-

5.2

I W N N N W . EE e .

. Closing the valve

KRAFTWERK UNION

Intermittent AG PROPRIETARY INFORMATION

condensation

The force application point lies in the middle of the gquencher's

hole array (lever arm to quencher center point: QA\X\NIm).

Measurement of transverse force and torsional moment

The transverse forces are determined by strain gauges on O\
arms of a quencher. The arms are each provided with two opposing
strain gauges (DS 13/19 and DS 20/21) at a sufficient distance
from .the welds to the central ball (so that neither notch
stresses in the weld seam nor strain impediments due to the ball
have an effect) (Figure 1.4). In the transverse force measure-
ment, associated strain-gauges are connected in a "difference"
configuration so that symmetric loads are cancelled out in
first approximation and'on}y bending stresses are indicated.

Figure 5.2 shows the stress at the position of the strain gauge

as a function of the

Since the transverse

the total transverse

be deduced from the resultants that are determined.

transverse force.

force is measured on only N\\Nquencher arms,
force and the total torsional moment must -

A pessimistic

<
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(estimate of the] transverse force on the entire quencher is
obtained by WNANAXMN) the maximum resultants measured over the

[\ instrumented arms. In so doing, it was already taken into
consideration ;hat a force can also be exerted on the central

body by the flow procééses. Still to be added then is éhe

force from the thrust arrays from N\ arm bottoms /18/, which is

to be determined by calculation, and, under certain circumst nces,
a transverse force in the circumferential direction when the

adjacent quencher is actuated, which is determined separasely

(Section 7).

Likewise, we get a pessimistic torsional moment for the entire
quencher by §Q§C§C§ﬂ the maximum resulting moment measured with
rthe@(SR instrumented arms. It should alsc be noted that a
simultaneous occurrence of the maximum values of total trans-
verse force and total moment can be ruled oht. Rather, it is
to be expected that one of the two quaétities becomes small

when the other reaches its maximum.

The transverse force represents only a gmall part of the load
on\the quencher arm. The symmetrical loads on the quencher,
illustrated kn Figures 5.3 and 5.4, are larger. Figure 5.3 s%cws
tﬁe stresses due to internal ére3§ure, whose expected value is
given in Section 3, and Figure 5.4 shows the strésses on the

outer fiber due to a temperature jump of DN\\K inside the arm /13/.
The stresses are practically linearly dependent on the temperature

jump. The maximum expected temperature jump isQXY°K.

< 11-16
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The highest stresses occur in the weld seam between quencher arﬁ
and central ball. Figures' 5.5 to 5.7 show the stresses on 'the
quencher arm due to internal pressure, temperature jump and
transverse force, as determined in /13/. In addition, we must
still allow for a stress concentration factor in the weld seanm,

which according to /13/ is expected to be NV

Furthermore, it should also be noted that the quencher loads
and their effect can also be judged by the displacement trans-
ducer wD3 and the strain gauges DS 7, 8, 22, 23 provideZ on the

bottom mount.

Geel B,

11-17 .






6.1.1

several quenchers.

Pressure at the bottom and walls of the suppression chamber

Expected values during vent clearing

Al

The air-water oscillations arising after the expulsion of air
cause pressure amplitudes which have their maximum value near

the quencher and decrease with increasing distance from the
quencher. While thé maximum value depends on the boundary condi-
tions for the vent clearing process, a function independent of the
maximum value is expected for the presguxe decrease with distance.
Therefore, it is appropriate to consider the peak value and

the distribution separately. In a third subsection, statements

are made concerning the superposition during the clearing of

¥

Maximum pressure amplitude near the quencher

The pressure amplitudes arising near the gquencher after the
clearing were investigated closely in ﬁhe gxu test stand. The
measurement results and the transposition of these magnitudes to
the plant are illustrated in detail in /5/. A?ditiongl studies

are contained in /6/. The transposition of the measured values
from the test stand to the plant starts from the‘{ssumption that -
tﬁe oscillation process remains the same as long as the combinations
of parameters that stimulate and influence the process remain
constant. Table 2 makes it clear that both the parametpr'com-
bination characterizing the expulsion of air (row 6) and also

the parameters influencing the spreading of the air (rows 7 and 8)

1}—18



are transposed practically as constants. Therefore, thg
measurement results obtained in the test stand also represent

the -expected values for the hot tests.

Accofding to model tank tests /6/, the pressure amplitudes at
the bottom are only slightly dependent on the clearing pressure

(in contrast to the plain-ended pipe) (Fig. 6.1). DROIRNMNOMRY
O O e O O O O O O N O O O N e O O O O R O RO O RO NN R,

ASABAENRARARARNRARABARARNRN RN

KRAFTWERK UNION
AG PROPRIETARY INFORMATION

N

7727

ANa\NBARARARNsNaA s \m\u\u\w\

With this dependence, the following pressure amplitudes relative
to a unit clearing pressure of }\] bar can easily be converted

to other clearing pressures corresponding to the expected values

listed in Section 3.

Figure 6.2 shows expected upper values for the pressure amplitude

as a function of water temperature. Typical values together with

" the associated parameters are:

Clearing pressure Water temperature Max. pressure awgpliz:)
bar °C bar
Y e m ‘ &“ K ' k“q
X R A\ C N RN
11-19






6.1.2

»
. ’ .

These amplitudes correspond to the highest values measured in the
test stand. The considerable Scat'ter band due to the differing

amounts of damping during air expulsion also encompasses values

up to O\NI lower.

The rise of the pressure amplitudes witﬂ water temperature occurs
because, corresponding to the state of saturation, the steam
remains in the air bubble to an increasing degree, which then
acts like an additional quantity of air and reinforces the air

oscillations.

With an initial overpreséure of N\ bar in the blowdown pipe,
the pressure amplitudes are increased by XA\\ bar due to the

additional quantity of air. A typical upper expected value is:

Overpressure in Clearing Water Max. pressure
the pipe pressure temperature amplitude
bar bar *c bar
NN N\ NA\WN Ne\a

where the associated parameters have been recorded again. It
should be pointed out that for an initial lowering of the water
level in the blowdown pipe, clearing pressures different from

those in the normal case are applicable (see Section’3).
Pressure_distribution_in_the_circumferential direction_ané_in

the _vertical center_section

whereas in the preceding Section we discussed only the maximues’

ey W,
et Sty
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'6.1.3 Superposition_during

pressure amplitudes expected in the immediate vicinity of the
quencher, we shall indicate here the decrease of this pressure
with distance. It was shown in detail in /4/ how the air-water
oscillation treated theoretically in /14/ can be applied to the
.conditions of the quencher. The_fact that the laws derived for
an infinitely large Water volume are also valid, in principle,
for the pool of the éuppression chamber bounded by walls, could
be demonstrated by the evaluation of KWW tests contained in /15/.
According to that, the laws are almost fully applicable in the
circumferential direction of the suppression chamber, but also

in the vertical center section with a few restrictions.

Figure 6.3 shows the expected distribution of pressure amplitudes
in the circumferential direction of the suppression chamber.
The pressure distribution based on the stress analysis is {llus-

trated for comparison in Figure 6.4.

The expected distribution in the vertical center section is

plotted in Figure 6.5.

the_clearing_of_ two guenchers

Throughout the entire operative range of the relief system, only
clearly separated valves (never two Adjacent va}ves) are actuated
simultaneously in the plant. Furthermore, even for simultaneous
" actuation it is not to be expected that the ciearing and ché air
oscillations proceed fully coherently at two quenchers. I order

to investigate the superposition of the processes at two guenchers,

11-21
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two immediately adjacent quenchers and also two widely separated
quenchers are actuated simultaneously during the tests. The )
expected values illustrated in the following are based on the
aésumption that the processes proceed coherently and therefore

represent an upper estimate.

Figure 6.6 shows the expected superposed pressure distribution
for two closely ﬁdjacent quenchers. Unit distributions were
assuﬁed for the unperturbed individual distributions of the
quenchers. The mutual raising of the maximum pressure amplitude
{caused by a mutual.interaction during the air expulsion phase,
which is conceivable during the éormation of the air oscillation,
i.e., before the occurrence of the maximum amplitude) is con-
sidered to be \X\. The increase resylts from the following
reasoning: The maximum pressure amplitude during the air expul-
sion phasé is less than X2\ of the later maximum value. At

the position of tpe adjacent quencher, XX\ of this is effective
for the assumed undisturbed distribution (see Figure 6,6). But
this is less than X\ of the maximum value. The maximum value

is increased by this percentage.

Figure 6.6 shows further that no appreciable pressure drop fgom
the maximum value occurs between tﬁe'two quenchers, since the
mutual interaction coincides in first approximatioﬁ with the
reaction of a wall between the two quenchers (ref;e::ion), which

hinders a decrease of the pressure amplitude.

! 11-22
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6.2

It is hardly conceivable that a quencher could have an appreciakl
effect beyond an adjacent vent béing cleared simultaneously.
{except for the raising of the exit* pressure level at the
adjacent quencher itself). Thus, the pressure decrease there is
expected to follow the same (normalized) curve as that of the

unperturbed individual distribution.

Figure 6.7 again shows the superposed distribution for closely’

adjacent quenchers - here in a representation normalized to 1.

Figure 6.8 compares the specified distribution with the pressure
distribution expected for 2 simultaheously actuated gquenchers
separated from each other by 100°. The distribution curves agree
with those of the unperturbed process at one gquencher (see Figure
6.3). No appreciable influence of one quencher on the pressure
amplitude of the other is to be anticipated, since the undisturbed
pressure amplitude of the individual quencher has already decayed
at this distance. Between the two quenchers it is expected that

the higher value of the two individual distributions results.

Expected values during condensation

‘Thorough investigations of the oscillations occurring during

condensation, based on GKM measurements, are presented in /4/.

' ! (] » -
Translator's note: German word here could mean either "exiz”
or "initial".

"
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According to them, stochastic pressure oscillations (noise)

having an amplitude of

22222 bar
are expected in the pool during condensation with supercritical
éiessure ratio. According to the model measurements, pear
amplitudes of

) j%g%; bar

are not exceeded even in the vicinity of the quenchers.

During condensation with subcritical pressure ratio, pressure
oscillations of uniform frequency and amplitude with

4p g%bar, n > %
can arise due to synchronization of the oscillation processes at
the individual steam bubbles from the approximately \\AWhout.et
openngs of a quencher. These condensation oscillations are
expected to decay according to the same distribution curves as

for the air oscillations (Section 6.1).

During condensation with very small mass flows, the condensation
process can beccme unstable. Then water enters and exits -
rhythmically at the quencher. Associated with this are inter-

mittently excited pressure oscillations whose maximum total

.excursion, according to model measurements, does not exceed

those of the uniform pressure oscillations.

Measurement of the pressure distribution

) ,
The positions of the transducers used to measure the maximum
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pressures in the suppression chamber and the pressure distri«
bution are shown in Figures 1.1 and 1.2. An angular range of
100° is covered in the circumferential direction. The pressure

distribution in the vertical center section is measured primarily
at 135° (position of quenchér A). The pressures are recorded by

fast transducers on strain-gauge base via carrier-frequency

measuring amplifier.
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7. Forces on internal fittings due to relief processes

The pressure oscillations during the clearing of a quencher cause
forces not only on this guencher }tself (Section 5) but also on
the other internal fittings in the suppression chamber., 1In
particular, we may mention here:

- .an adjacent quencher,

- adjacent vent pipes or protective tubes,

- struts and

- ribs.

The loads on these components are described in more detail in
/16,17/. The specification value applicable for the pressure

difference in the circunferential direction over a érotective

tube down to a submergence of\Nm is NN RERN
ARARARAA BB R TR\ s A R\a\aN]

These loads are measured by foil strain gauges. The measurement

for the quencher has already been desciibed in Section 5. To
facilitate the evaluation, stress-load diagrams are given in
Figures 7.1 to 7.3 for a protective tube (strain gauges 33/34

and 35/36), a strut (strain gauges 26/27) and the measuring rib

(strain gauges 39-44).
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8. Temperatures

The temperature in the blowdown pipe is measured between the

valve and the downstream orifice plate, besides on a pipe also

‘ca.ESKSSm above the water level * (Figure 1.3). It is expected

that the temperature should correspond to the saturated-steam '
A1
ﬂteﬁperature of steam, both during the pressure build-up phase

prior to the cleaxing and also during steady-state condensation.

In the annular gap between blowdown pipe and protective tube,
the temperature is measured on a pipe both in the water region

and also in the air region (Figure 1.3). The measurement values

obtained here enable us to obtain information concerning the
heating of the water and a possible evaporation during shutdown

in the longer-lasting tests. Estimates may bejfouhd in the
Appendix of /16/.

The operation of the quencher throughout the operative range of

the relief system can be checked with the temperature measurement

points in the hole array of the quencher (Figure 1.4) (the conden-
sation éhouﬂd occur in the joint flow method *#* with draw-off of
water from the pool througﬁ the water path of the quencher)i’
According to model measurement in the GKM test stand and in the

>

. model tank, a temperature lying below the boiling temperature

« \

Translator's note: The apparent ambiguity in this sentence mirrors
a similar ambiguity in the original German: It is not clear
whether 2 or 3 different measurements are being described.
Inspection of the cited Figure 1.3 should clarify this.

**Tr, note: Literal translation of German "Mitstromverfahren".
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brevails in the water paths as far as the middle of the hole

array throughout the entire operative range of the qqenéher.

Extensive temperature measurements in the pool are being made in

.the vicinity of quencher B (Figures 1.1 and 1.2). It is éxpected

that the deviations are no more: than %"C.

In addition, it should be noted that the responding temperature

.

measurement points are equipped with sheathed thermacoﬁples having

.
»

a éiameter of 1.5 to 3.5 mm.
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Table 1:
Tabelle 1: F

R L L

RN RN 07 o T S R @ M T YR S5 . 'y

Vent clearing and condensation tests

Status 1 July 1974
reiblase- und"Rondensationsversuche

(j (bar) (7

®

Wre  ©®

©)

Stand: 1.7.1974
{SEE NEXT PAGE FOR KEY]}
Yers.< Reaktor-|[Abblase- Ventile~ agsser- Mefigruppel Uemerkungen
Nr. druck dauer Nr. ltemp.

Ci)

PISIE)

-~
8

T

S

s § 1 min 35° E )
2 10 s A " D
3 § 10 s ] " s m
4 10 o D " S
s \ 0s " D
"6 § :o’ s : - B " D1 LN\ NN N\ N\ N
<7 § 10 s B " E 7//’////%4;
8 10 8 B » E
9 x 10 » " D
10 §§§ 10 » ; n D [N N N NN N NN
1 \ 10 8 B " s NN NN NN NN
12 , 5 s A+C " D2 LN\ N\ N\ N
13 \\V 5. la-B - IR AN\ N\ N N\ |
13’9 t ‘k\. gz::::;n b %a D3 ' ‘» N
. ca.lo;rn " RPEE .
q . 77
15 \\3 ca. 125 a | B ﬁ ///A N L\ \ '\
16 ca. 3 min|B ///A N “‘
17 ca. 4,5 min| B N N\ \ oS
18 ca. 4,5 min| B N ' v .
18a - 2 wmin|C vir. N IEN\ \ \
2 ain ’".J '
geschalte . ,
19 ca. 10 min{ B N .
19a ca. 1,3 .nI: A vir@. N “‘
‘ 3 min nu- . o
. geschalted g ) ;
20 | BE o N |
208 . k ca. L4 min 2 ::5%:‘ % N )
geschalto
’ 1-29" .
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KEY FOR TABLE 1

1.
2.
3.
4.
S..
6.
7.
8.
9.
10,

11,

l2.

Test no.

Reactor pressure
Blowdown duration
Valve no.

Water temperature
Measuremént group
Remarks

Possibly 80
Blowdown to 50 bar
C is connected for
A is connected for

C is connected for

13. NN
14. NN

15.
16.
17.
18.

Increasing to

2 minutes .
3 minntes

4 mimites

L\ AAUARNT NENINSABARNRNBEFEN A

Double test

Holding pauses due to RFV
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KKB relief valve tests

Pressure and témperature Measurement poin€s "

KKB- Entlgstungsvantiliests

Oruck-und Temperaturmelistellen

Status 9/20/74
stand 2u.9.74
Bild 1.1

| Figure 1.1
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Figure 2.4
KKB -~ Characteristics of the flow limiter
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RKKB - Characteristics of the flow limiter
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Figure 2.6
KXB - Characteristics of the flow limiter
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