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PROPRIETARY INFORMA'TION
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Introduction

The mace maesurements during the start'-up tests in the Wurgassen

nuclear power plant (KWW) from the end of 1971 to the beginning

of 129 2 demonstrate that, large forces on the containment can

result from the pressure relief system. These loads are gen-

erated by air oscillations during'vent clearing and the pulsa-

tions due to condensation at high water-temperatures. The

purpose of developing a quencher Vas to reduce the air osc'il-

lations and to render the temperature limit safe by purely

passive measures.

After the quencher was optimized in model tests and the essen-

tial parameters for the transposition to the full-scale version

were investigated /15, 18, 19, 20/, the measurements performed

with the actual system during the non-nuclear hot test. in the

BrunsbGttel nuclear power plant (KKB) represent the conclusion

of the development process.

In /21/, primarily the loads measured on the containment and

i sts internals were presented. Por the most part, they exhibit
large reserves with respect to the design. The purpose of the

present report is to analyze the loads measured on the relief
system itself. The specified external loads were confirmed.

In some cases, the actual loads were diitinctly below them.

A computational check of the quencher with realistic load values

demonstrates that the measured loads can be handled safely.

13-7





Review of the construction of the relief s stem and the forces
actin on e s stem

Construction of the relief s stem

The relief system consists essentially of the following com-

ponentsa

relief line (supply line from the main-steam line) to the

safety/relief valve.

safety/relief valve

(%%%%%%%%%%%%%%%%%%%%%%'

pipe orifice

- restraining structure (anchor point) of the safety/relief
valve

blovlcnrn pipe

%%EMMMKMMM%kQiKXNh.KQk%LM%

- perforated-pipe quencher

- bottom mount,(torsion guard and lateral guide),

L%%%%%%%%%%%%%%
II

cladding tube (protective tube)

i%%%%%%%%%%%%%%%L%%
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Peripheral components include:

- suppression chamber bracing

- Suppression chamber cylinder vith reinforcement ring

4%%%%%%%%%WWWWL

The relief line, starting from a fitting in the main-steam

line, connects the steam space of the reactor pressure vessel

directly to the safety/relief valve in the "upper annulus" of

the containment.

The safety/relief valve is fastened hy means of the restrain-
ing structur'e (a steel frame structure} to the missile shielding
concrete of the suppression chamber top.

Sy a support in the suppression chamber top, the hlovdovn pipe

pro)acts vertically dovnvard into the vater space of the sup-

pression chamber. The perforated-pipe quencher is welded to

the lover end of the hlovdown pipe.

Zn the aii space and vater space of the suppression chamber,

the hlovdovn pipe is surrounded by a cladding tube,vhich is
velded at its upper end to,the support of the suppression

chamber and terminates under the vater, gust above the per-

forated-pipe quencher.

The cladding tube is fastened laterally in the suppression

chamber bracing and thus is also braced against the inner

cylinder ring.
13-9





At the bottom of, the ball<. the perforated-pipe quencher is
prolonged by a hollow rod which is guided laterally into the

bottom mount. The quencher is s'ecured against rotation by

two bolts arranged in cross form.

For the sake of clarity> only the essential components of the

relief system are illustrated in Figure 2.1-1. The bottom

mount is illustrated in detail separately in Figure,2.1-2.

F 2 Summa of the forces actin on the relief s stem

The forces acting on the relief system are illustrated in a,
load diagram in Figure 2.1-3.

In iddition to the specified hydraulic loads't is 'necessary

to consider inertia forces which arise because of the clearance

necessary in the design. They are 'analysad analytically in
Appendix A.

However, only the inertia forces on the quencher arms are of

primary importance, since those inertia forces aie of the )

same order of 'magnitude is the hydraulic load due to the long

pro)ection of the aims.

The analysis must be illustrated for the quencher's transverse

(pendulum-type) motion and also for the rotational motion.
'I

The same phenomenon comes up when analyring the vertical motion,

since the relief system is set into longitudinal oscillation

by the vertical force.

13-10





I
IThe hydraulic source loads and the resultant inertia forces

cLre listed in Section 5. The action of the relief system on

its surroundings, i.e., its support reactions, are also

discussed in Section 5. Xn addition, ve discuss the forces

that do not act on the quencher itself or on the blowdown

pipe, such as pipe connection forces on the anchor point of
the system.

2.3 Measurements durin the hot test vith the relief s stem

Genaral

During the hot test vith the relief system in KKB, the action

of the".hydraulic loads on the relief system and the strength
of"the. relief system vere investigated, among other things.
Por that purpose, extensive measurements vere made on the

individual components of the system.

Numerous strain gauges, displacement transducers, pressure

transducers and temperature measurement points vere mounted on
i

the safety/relief valve, blovdovn pipe; protective tube;

quencher and support structure.

Por a more detailed explanation, ve have appended to this

report the Pigures vith information on the measurement points
- ~

from /12/, vhich are of interest for the topics to be discussed
\
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Instrumentation
rb

The measurement transmitters are shown in the Figures listed
* below~

Figure 2.3-1 Survey diagram

Figure 2.3-2 + Pressuie and temperature distribution in the
4

2.3-3 'uppression chamber

Figure 2.3-4 - Instrumentation of relief system

2.3-6

Independently of the measurement group coverages, all tempera-

tures were recorded with Polycomb recorders throughout the

entire test period. h few important temperatures, were also
>I,

recorded in analog form by fast recorders during the test
period. All analog data was recorded by fast recorders and

also simultaneously on magnetic tape.

Zn addition to the transmitters of the special instrumentation,

the following operating measurement parameters were recorded

with the brush recorders

excitation impulse (also on special instrumentation)

'positioning signals for pilot valves

-'possible liftof relief valves (also on special instrumentation)

-'iquid level in RPV

- liftof'pilot valve RA 21/S 222 (to.RA 21/S 221)

To make possible a visual 'and acoustic tracking of the tests,
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a tele'vision camara was inserted*in the vicinity of quencher

EA 21IS 221 above the .water surface, and an underwater micro-

yhone was installed.
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Loads on the blovdovn i e

Assuming ideal conditions, the lower part of the relief system

is filled vith'vater up to the vater level of the suppression

chamber during the shutdovn (Pigure 2.l-l)~. Between the

vater lovel end the valve there is air aatur'ated vith steam.

When the valve is opened, steam flovs into this space and is
mixed vith the air. The pressure rising in the pipe accel-

erates the water slug vhich is sealing the lover end. As soon

as the system is cleared of water, the air mixed with steam

. is expelled. Then a steady-state operating condition i's set

up vith an internal pressure determined by the flow rate.

Depending. on the time variation of the steam inflow during the

valve-opening phase, either a larger or a smaller pressure

can prevail at. the instant of the vent clearing. The pressure

then'passes ewer to the steady-state value.

The loads on the hlovdovn pipe are composed of: I

-,, the vertical force, the transverse force and the moment

~ about the vertical axis, vhich are initiated by the quencher,

.-the internal pressure and

-..the temperature load.

" The loads due to the quencher are. discussed in Section 4. The

,internal pressure and the resulting temperature load are the

topic of.,this Section.

s s xscusse .an. detail in Section 3.1, the normal water
level in the pipe is clearly lover than in this ideal case.

13 14





Internal. ressure

For internal pressure it is necessary to distinguish between

the pressure during vent clearing and the pressure during

condensation. For vent clearing it, is necessary to distin-
guish in turn between Meal (i.e., carefully adjusted) initial
conditions and real (i.e., random) initial conditions.

Vent clearing pressure for ideal initial conditions

After a long shutdown of the system, it is assumed conserva-

tively that the water level in the pipe is at the same level

as outside in the suppression chamber.. This condition was

adjusted as exactly as possible during the hot tests. The

blowdown pipe was flushed with air through a line specially
installed for that purpose and then the vater level in the

pipe ms sLatched to the external water level by holding open

one of the two snifter valves. The'niiter valve was closed

10 to 15 seconds before the test. Since the injected air was .
I

distinctly colder than the hot pipe at approximately 100',
I

an overpressure arose in the pipe during this period due to

heating of the air. Thi.s process was monitored until about

1 second before the beginning of the test. As shown in Figure

3.1, the lowering of the water level at the beginning of the

test wasgj~~~Q cm and the velocity of the water column was

L%%". cm/s

In Figures 3.3 and 3.4, the pressure build-up measured during

the, vent clearing in two tests is compared to the pressure

13 15
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build-up calculated with the HOGEN program (see program des-

cription in /15/). In the, computational check, the measured

ini.tial values and the knavn floe,curve of the valve vere
m

entered as a function of the valve lift /16/ (Figure 3.2).
Figure 3.3 relates to test 5 vith slowly opening valve In
test 1'f (Figures 3.4), an extremely short. valve-opening time

was;forced by using nitrogen as control medium at e pressure

higher than the system pressure.'his resulted in the good

agreement between computation and measurement familiar, from

the model tests /15/. By using the computational. model it
is therefore possible to convert to operating conditions other

than the„measured ones. Using the valve-opening characteris-
tic sh'ovn in Figure 3.5 and justified in /17/. the vent clear-
.ing pressure is calculated as a function of the reactor pres-

sure as illustrated in Figure 3.6. In these computationi, the

eater level in the pipe was assumed.to be stationary and equal

to the eater lovel in the suppression chamber.

gent clearing treasure for real initial conditions
I

If the valve is reopened a fev seconds'fter the closing, then

the, initial condition described above cannot have been adjusted.

After closin'g the„valve, a slight underpressure arises in the

pipe. Since the air can floe in through the snifter valves

substantially faster than the vater through the quencher be-

cause of the much lover pressure drop due to the lover density,

the submerged part of the relief system is only slightly tilled

13-16





with water. To be sure, at the position of the quencher
'I

there ia a higher ..pressure than in the drywell, corresponding

to the submergence in the water. The resulting zise of the

water level and compression of the air opposes the" heating
'

and thus the expansion of the air. Thus, if the valve re-
sponds again after a short time, then, because of the small

mass of water to be expelled, only low vent clearing pressures

are to be expected.~)

Fram these experimental results it can be inferred that the

lowered water level in the blowdown pipe is maintained not only

for seconds or ainutes, but rather for hours. This result is
not self-evident at first, since a conceivable untightness of

2the snifter valves with an effective leakage area of 0.1- cm

,'causes an"equalisation of the water, leveli within a few
minutes.'n

the othez hand, an equally conceivable untightniss of the

relief valve with'n effective leakage'area of somewhat less

than 0.005 cm holds the equilibrium at, nominal reactor pres-

sure for „the above-mentioned leakage area of the sniftez valves.

The fact that the relief valves vent slightly after the first
response. is known both from the QKM tests and also. from the

KKB hot test. boost instances of relief system response result
in the event of the ",.Hold, at pressure" and temper'ature" accident.

I t;

The deactivation time of the continuously responding'alve is

m.» e g res stance of the water Slow 'in the quencher
and the resulting low velocity of the water, it can be

rom.. e g r
further

'nferred that the water can at most- reach the lovel of the
water in the pool. This is true because of the low velocity
of the'water even under accident 'conditions'uch as" when a
snifter valve remains open.

13 17
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approximately 1 minute during this accident, so that the vent

clearing starts over and oyer again from the real lowered

ter level in the pipe.

Steady state oressure durina condense'tion „~PA+w&%WS ~ W&&%0pww&WW WO WAW9%0 & WWWWW

The steady-state pressure during condensation is only a func-

tion of the flow rate. As soon as critical values are reached

at the quencher outlet,. a flow-rate rise can be achieved only

.by an increase of the density, since the steam temperature

- and thus the speed of sound are nearly constant along the
I

saturated-steam line. Since the density along the saturated-
1

steam line is practically proportional to the pressure the

pressure in the relief system must-be proportional to the

flow rate. The measurement values illustrated in tigure 3.9

correspond to th» anticipated linear dependence beginning at

a flow rate of about Q~ t/h.» The, scatter of the measurement

values can be attributed partly to the pressure measurement

and mostly to the flow-rate determination.
j

I

The pressure variation in the pipe and at the bottom for a test

with carefully ad)usted initial conditions and for ~ test with

'real"initial conditions are compared to 'each other in tigure 3.7.

The valve-opening time and reactor pressure are approximately

the same in both cases. In the test with ideal initial condi-

tions, there is a clearly pronounced pressure maximum in the

blowdown pipe approximatelyg+%ms after the beginning of opening.

~ „*I
(
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trom that time on, a pressure maximum is recorded at the bot-
tom also, which indicates that air is now being expelled.

Xn the test with real initial conditions, there is already

q first slight rise of the pressure at the bottom after i~ms.,
The 'pressure in the pipe also passes through ~ maximum of
Low amplitude at that time. The first outlet holes of the

quencher were probably already cleared of water at that time.

This indicates an extremely lov water level in the pipe at the

beginning of the test, Zt is certain that the quencher is cleared

at the time of the pressure maximum at the bottom «Q ms after
beginning of valve opsning). However, the overpressure in
the pipe is only 'Nbar. Thus, if the valve already reopens

within ~ short time after the closing, then the vent clearing
'P

pressures are low.

Zn ~ hot test, tests with real initial conditions were per»

formed at intervals of a few seconds, a few minuteq and a

!ew hours. tor the tests with reactor pressures of 50 to 75

bar the measured overpressures in the pipe at the vent clear-

ing time are plotted versus 'the time separation of the teat
P

from the preceding one. The measured pressures are practically
independent of this time separation. A maximum (absolute)

vent clearing pressure of about Qbaxf was me'asure$ for such

conditions.
l.

~ ~.t

Zn contrast to the nuclear reactor operation,'he steam was

not dried. Since the steam therefore has a moisture content

which is not knovn exactly, the calculation of the flow rate

13 19
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is not exact. However, since a saturated-steam condition

before the valve vas assumed in the evaluation, the calcula-

t4on is conservative, i.~ ., the flow rates vere underestimated

and the pressures in the blovdown pipe vere overestimated,

Sigh frequency turbulent pressure fluctuations are superimposed

on the steady-state internal pressure. The peak amplitudes

measured during the hot test vere +~3 bar. More important,

however, are the loads due to intermittent condensation during

vhich additional alternating loads occur besides the pressure

fluctuations. Intermittent condensation occurs, at very low
'I

flow rates and not too high pool temperatures. The quencher

does not remain continuously cleared by the inflowing steam.

Instead, vater goes in and out rhythmically. ', The maximum pres-

a+;e measured in the pipe during the hot test vas +~ber-
tha inflov and outflov of the vater occurred'at a frequency of

approximately++~as.

Tem rature load

g, I

If the valve has pot responded for a long time then a steady"

statq condition vith respect to temperature is ad)usted at
'the pipe. The portion of the relief system submerged in the

'eater pool assumes the vatcr temperature. At the valve there
l

appears a flow at the saturated-steam temperature correspond-

ing to the reactor pressure. The blovdown pipe assumes a
I'v a

temperature betveen these values. In the hot test, a tempera-
L sp

"ture in the blowdovn pipe of somevhat more than 100'- C vas

j3 20
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measured about 50 cm above the eater level in the suppression

chamber for large time intervals (hours) between tests.

Atter opening the valve< the inner eall of the pipe is heated.

The heat transfer, initially from the steam-air mixture to
«he pipe eall and later from the steam to'the pipe @all, is
good only when the state of aggregation of the ateam varies.
The relevant factor for the heating of. the pipe is therefore
the aaturated-steam temperature corresponding to the particular
prqssure arising in the pipe.

The time variation of the temperature in the pipe vail due to

a temperature )ump inside the pipe @as calculated in /9/. The
1

temperature load on the pipe is obtained conservatively by such

a temperature Jump. Nore realistic, ho@ever, is a staircase-
I

type approximation of the actual temperature variation by

individual small temperature pumps. Nith Iuch an approxima-
V t

tion, the temperature stress on:the outer fiber of the blcw-

OoMn pipe at the time of blow-free is calculated in Section

4.3 «(aee Figures 4.2 and 4.3).

After closing the valve, the pipe cools down again alovly.

Only the part of the pipe in the immediate vicinity of the

qu encher is cooled down rapidly by penetrating vater. This

part is considered below together. with the quencher.

t,~,,
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Loads on the uencher

As on the blowdown pipe (see Section 3), the following loads

also act on the quencher

internal pressure and

~ temperature load.

In addition (see Figure 2.1.-3), loads arise due to>

- vertical force
- horisontal force and

- moment about the vertical axis. \ N
N

These loads are passed on partially via the blowdown pipe and

partially via the bottom mount. Sue to the free mobility of

the quencher in the. guide of the bottom mount (Figure 2.1.-2)

and of the valve support (Figure 2.1. 2), inertia forces

arise during the braking of the ayatam aovtng in the guide

olaarance.

The load components do not. reach their ~imum values at the

~ arne time. It has therefore proved suitable to carefully
4

analyse the superposition in time.
E

Internal ressure

L'ikq the blowdown pipei the quencher is sub)ected to an
I'I

internal pressure load during vent clearing and condensation."

The pressure loss produced by the deflection and division
of the flow at the 4 quencher -arms can be neglected in first

II
)'. P)
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approximation. Accordingly, the same pressures that vere

illustrated in Section 3.1 for the blowdown pipe also apply

to the quencher.

Tem rature load

Like the blovdown pipe, the quencher is heated after the

«ystem is put into operation and is cooled down again after
the shutdown. In the hlowdown pipe, the inner vali of the

pipe begins to heat up as soon as steam flovs in and the pres-

sure rises. After the shutdown, the pipe cools down again
C

el,owly o

Xn contrast, the heating of,,the quencher can begin only after
it is cleared of vater. The same holds for the portion of
the blovdown pipe sealed 4y voter, Ninpe the quencher vali is stil'
iatted hy cold vater for a ahort tQ!e even after the vater.

~lug, ia expelled> the heating of the quencher is delayed.
h

'Large transverse forces on the quencher arms occur only for a

time of at most~~ms (aee Figures Al to A41 after the vent

clearing. The delay of the heating is the~afore of great "

significance for the superposition of the temperature load

vhich is incrqasing vith time. i

'After the valve is closed, vater enters into the quencher and

;the lower portion of the pipe.„Thus, the ~ling is eff'ected

'much faster there than in the blovdown p$ pe.
t ~ ~

II
t
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4.3 Vertical force

Due to the deflection of the vertically downward directed flow

in the blovdown pipe to the horisontally directed flow in the

quencher arm, a vertical force is produced on the quencher.

This force,vhich is small during steady-state operation,

assumes larger values during the vent clearing.

Mater impulie during vent clearing

The pressure build-up in the pipe after the valve is opened

does not generate only internal forces'. Since the pressure

accelerates the water column in the pipe, an outward force
I

also acts during the vater expulsion phase. Figure 4.1 shows

the total downward-acting force.

d~ward - PRA1 + PD A2 + m v

The upward&irected force is

Fup ard
- PR.'Al+ A2)

The resultant force is therefore

Fres (PR PD) ~ A2 'm v

The resultant pressure force is large at first and then de-
Icreases to sero. The vater impulse increases from sero to the

maximum value and then vanishes again. The forces are in '

> I

equilibrium over the "time average. Mhila the vater is accel-

crated and expelled, there is an upward-acting force at first
(vhen the resultant pressure force predominates) and then a

downvard-acting force '(vhen the water impulse predominates) .
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The vertical force on the blowdown pipe was measured during

the hot test (measuring point DS 1/2 in Figure 2.3-4).

Besides the vertical force, the stress measurement also

included the internal pressure and the temperature load.

, These components must be considered computationally and sub-

tracted in the evaluation of the test, as is i11ustrated

for the example of test 20 in Figures 4.2 to 4.4.

Figure 4.2 shows the measured internal pressure (curve a) i

the associated computationally-determined stress on the pipe

in the axial direction (curve b), the temperature in the pipe
I

increasing from the measured initial value in accordance

with the pressure, (curve c), and finally the resultant strays

on the pipe's outer fiber due to the heating of the pipe's
inner,.wall (curve d). The stress resulting from the heating

vas calculated by the aethod illustrated in /9/, approximating

the actual, temperature variation by a staircase approximation.

The measured stress on the blowdown pipe and the calculated

stress component due to the internal pressure are shown at

the top of Figure 4.3. Plotted below'that in the middle of the

Figure are the pressure-corrected stress and the calculated

stress component due to the heating.'inally, the pressure-

and temperature-corrected stress is illustrated at the bottom

of the Figure., This stress yields the vertical force shown

in Figure 4.4. The force vs'. time variation calculated with

the HOGEH program agrees quite well with the measured variation

13-25
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{as the Figure makes evident); Zn the comparison it should
?

be taken, into considerition that the system continues to
h

vibrate following the vent clearing. Zn contrast, the pro-

gram calculates only the load 'application;,The computational

curve therefore pumps back to sero following the vent clearing.

The dependence of the maximum value of the vertical force on

the vent clearing pressure, calculated with the BOGEN,program,

is compared to the measured values iA Figure 4.5. Zn addition

to .the above-mentioned measurements on the blowdown pipe,

measurement values that were obtained at the valve support

are also plotted. There results "a quite good agreement be-

tween measurement and .computation. The computational model

can therefore be used.to convert to parameters other than those

applicable to the test.

/team impulse during condensation

During,steady-state operation, a downwar&-directed
vertical'orce

corresponding to the impulse of the inflowing steam ii,
produced on the nosrle:

Z~mw

Using the geometric data of the system and the relation between
?

internal pressure and flow rate indicated in Figure 3.9, a

value of approximately

w ~ 250 m/s

is determined for the steam velocity in the blowdown pipe at
?

e
,?) 13-26





the inlet into the quencher. This value is practically con-

stant for critical outfXow from the quencher, i.e., for the

upper range of flow rate beginning at approximatelyL~lt/h.

An upward-directed impulse of equal magnitude is produced

at the valve. For the sake of completeness, -it should be

mentioned briefly that the difference of the measurement

values in Figure 4.5 for the vertical force found from the

measurement on the blowdown pipe and from the measurement on

the valve support is caused by the horisontally and vertically
directed flow forces on the valve which are detectable only

~t the valve support. As the measurement shows, these loads

are of minor importance.

4.4 External loads on the encher and inertia forces

External loads on the quencher cause a lateral or rotational
Isotion corresponding to the maximum clearance in the guide.

After overcoming Qe clearance, the quencher is braked, there-

by giving rise to inertia forces. This process is described

in detail in Appendix A. The measurement values obtained in

the hot test shall be analysed here using the formulas de-

r'ived there. Zn doing so, it is necessary to distinguish

between the loads on the entire quencher, which are relevant,

for example, in determining the dimensions of the blowdown

pipe and bottom mount, and the loads on an individual arm

of the quencher, which are to, be considered when. determining

the dimensions of the quencher itself.
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Loads caused b lateral .motion after vent clearin

Analgnia of .the ontire cpencher

An'analysis of the inertia force due„ to gap according to

Iq. (A 5) is performed in Table 4.1 a. The calculation is
'ased on the conservative assumption that the kinetic energy

absorbed during the acceleration in the gap causes vibration
at only one (unfavorably selected)..frequency. The eigen-

value used in the calculation for the vibration of the entire
system, was determined by a simulation of the system wi,th the

program as illustrated in /13/. The fourth natural mode,

which is relevant here, has a frequency of ~+HE (see Figure

8 '4) ~

With the specified hydraulic horisontal force of ~Q kN pn the

entire quencher, 'w calculate

ap quencher

According to the calculation in Table 4.1 b the equivalent

static load according to Eq. (A 12) leads to
E It

Htotal quencher
I

The horizontal force on the entire quencher was not measured

during the hot test. However, with the following inspection

of- the horisontal force on the quencher arms, the hydraulic
/

force on the entire quencher -is also inspe'cted implicitly,
since it is included there in the calculation.
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Analysis of one bencher arm

To obtain an upper estimate for the maximum inertia force on

the quencher arm due to the gap, the assumption is made (as

for the entire quencher) that the kinetic energy absorbed

by the quencher arm during the acceleration in the gap causes

vibration at only one (unfavorably selected) frequency.

According go a calculation with the STARDYNE program in Ap-

pendix B, the most important natural frequencies of the

quencher arm lie betseeng~andQHs. The frequency analy-

ses of the stress signals at the quencher arm, illustrated
in Figures 4.6 and 4.7, confirm the multiplicity and approxi-

mate magnitude of the calculated frequencies. For the compu-

tational check in Table i.2 a, a frequency of 100 Hs is
assumed conservatively. With the specified hydraulic trans-

verse force off'Npn the entire quencher, the inertia force
'on the quencher arm due to the gap is then found to be

H s +gkN (according to Appendix A) .
gap arm

The inertia force on the quencher arm due to the gap, as

determined realistically in Appendix B with the STARDYNE

program, is smaller s

H ~ +~~ kN (according to Appendix B) .
gap a?m

However, the larger load due to rotational motion of the

quencher according to Section i.i.2 is relevant for deter-

mining the dimensions of the quan'cher.
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Nith the specified horisontal force of jlkN «) we calculate
"in Table 4.2 b an equivalent static load of

'~ta), ~
Thi,s computed value is in good agreement with the measured

values for approximately linear motion of the quencher, which

are at mostg~kN-

~total measurement ~~ %%kN (for linear motion) .

Figure 4.8 shows the measured maximum bending strains at the

quencher arm, plotted versus the associated maximum bottom

pressure, The measured horisontal force proves to be inde-

pendent of the bottom pressure.

On the average over the plotted tests, only 70% of the maximum

~ value was reached. This can be allowed for in the fatigue

analysis.

A=plot of the transverse force versus the vent clearing pres-

sure is not relevant. As shown in Figure 4.9, the stress on

the quencher arm at the vent clearing time is in good agree-

~ent with the stress calculated from the internal pressure,

which can be seen without difficulty due to the. small scatter

of the measurement values.

From t e spec red transverse force of LW kN on the quencher
arm and with the inclination angle of ~y

'5'lative to the
horisontal as indicated in the specification, we obtain a
horisontal force of)4~rand a vertical force of ~kN.
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Loads caused b rotational motion after vent clearin

If the gap in the bottom mount is crossed not with a linear
motion but rather with a rotational motion of the qu'encher,

then the horisontal force on the quencher arm measured during

the hot test is

For the speci, fied hydraulic moment of +Qm-kN< a considerably

higher arm load is calculated with the formulas in hppendix

A. This, of course, is not surprising, since the specification
value discussed here is based not on a measurement of the

moment on the model, but rather on a very conservative upper

estimate of the moment based on transverse force measurements

on the model. Instead, half of the previous specification
value describes the measurement in the hot test quite well,
as is shown in the following.

Ni,th a suddenly acting hydraulic moment of h%m-kN Eq. (A ll)
yields the moment due to the gap caused by the inertia effect:

gap noszle

Xn practice, the moment of inertia of the relief system about

the vertical axis is composed of the moments of inertia of
~ 4 quencher arms, so that the moment due to the gap caused by

the inertia effect is distributed uniformly over all 4 quencher

arms. The moment per quencher arm due to the gap caused by
P

the inertia effect is then:
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~ KZm-kN.gap arm

The inortia force on the quencher arm (lover arm ca. 1 m) is
therefore

gap arm

With the specified horizontal force ofLQPH on one quencher

arm, ve then obtain the equivalent static load acdording to
Eq. (A 12) c

This computed value is in good agreement with the above-

mentioned maximum measured value ofhng kN.

Footnote concerning Section 4.4.2

In the fatigue analysis of the componont, it would be too

conservativo to base the analysis on the maximum calculated

load or the maximum measured value.

It io )ustifiablo to choose the initial value for the fatigue
analysis in ouch a +ay that the hulk of the measured loads

is covered. That is possible by using the measurement points

obtained.

Por the fatigue analysis, ve specify DM times the maximum

calculated value according to Appendix A atghM3 kN.

The same procedure is used for load cases 1.2 bl and b3.
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4.4.3 Vertical loads on the uencher arm durin vent clearin

The vertical force during vent clearing (water impulse) de-

ocribed in Section 4.3 builds up until the instant of the
vent clearing. Therefore, the blowdown pipe experiences a

longitudinal extension. Zn addition, there is a bending at
the valve support. Approximately at the instant of vent

clearing, the load pumps from the maximum value to zero.

This results in a vertical oscillation which is shown in
Figure 4.4.

This vertical oscillation causes inertia forces on the quencher

arm. A maximum vertical force of4~/ kN due to inertia was

calculated in'Appendix B with the STARDYNE program for an

applied vertical load of g~~ on the blowdown pipe. Ac-

cording to the illustrations in Appendix B, there is a linear
dopendence botwoen the inertia force and the load applied to
the blowdown pipe.

To this inertia load on the quencher arm is added the vertical
force applio& to the arm hydraulically which (as also in the

horizontal direction)>was specified as acting suddenly. Ac-

cording to the specified angle of Q~3between the resultant
hydraulic force and the horizontal, the hydraulic vertical
force is about Mgof the hydraulic horizontal force.

The vertical force on the quencher arm was not measured. Df

course, the stresses in the weld seam were recorded. Figures
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4.11 and 4.12 show examples. Because of the large stress
gradient, no sufficiently accurate correlation can be indi-
cated between the force and the stress. However, a compari-
son of the specification and the measurement is possible by

comparing the calculated maximum stress from the statics
with the maximum measured value.

4.4.4 Loads on the encher arm durin condensation and shutdown

The loads on the quencher arm during stead -state condensation
and during shutdown are very small. From the measurements

we obtain an equivalent static load of

Ftotal
'~~+~'nly

during oo-called intermittent condensation are the loads
somewhat larger. However, Chere also Chey are clearly below

the specified values.

Figure 4.12 provides a compilation of the measurement traces.
It should be noted that the rotational motion of the quencher

and the pressure in the blowdown pipe (top in the Figure), on

the one hand, and the bending of the quencher arm (bottom in
the Figure), on the other hand, were recorded at different
time scales. However, a time correlation is possible from

the plotted time points.

A comparison of Figures 4.12 and A 1 shows that the torque

during intermittent con'densation (Figure 4.12) is so small

that is generates only a very small rotational motion of the
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quencher, in contrast to the vent, clearing (Figure A 1), where

the available clearance is fully utilized.,Therefore, for
'ntermittent condensation only a linear motion of the quencher

shall be considered when determining the inertia loads.

The maximum measured horizontal forces (equivalent static
loads) from all intermittent condensation processess (approx-

imatelygjg in Test No. 85 are considered in Figure 4.13.

The maximum horizontal force acting on the quencher arm is

total arm max

and the measured mean value is
8 total mean arm

According to the preceding discussion, vertical loads should

also be consideied for the vent clearing.

The measured values demonstrate that, taking into considera-

tion the inertia loads to be added, the hydraulic loads vere

very conservative in the Specification.

Zf ve lover the specific load tc K~ Mp, then ve calculate

a load

8 SR%i kN

This value is still so far above the maximum measured value

that it can be considered as the maximum conceivable value

vhen intermittent condensation persists for a long time.
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See also Section 4.4.2.

The initial value for the fatigue analysis is set at 'Q
E

times the maximum calculited value according to Appendix A

at~3 kN.
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Com ilation of loads

The hydraulic forces and moments produced on the quencher
I

and blowdown pipe act statically'r dynamically on the quencher

and blowdown pipe, and also on the support points of the

relief system: bottom mount and anchor point.

The forces exerted on the struts of the cladding tube are

discussed in Section 6.

Zn the following we indicate the forces acting on the individual
components.

Load cases for the encher

The loads acting on the quencher are described in Section 4

and discussed analytically in Appendices A and B.

Those loads are compilod and divided into load cases in Table

5-1.

A ouMivision was made into the following 4 operating modes:

Start-up of the system from ideal initial conditions (clean

condition) with additional loading due to an adjacent quencher.

Frequency of n ~g~~ cases.
I

- Start»up of the system from ideal initial conditions, but

without additional loading due to the adjacent quencher.

Frequency of n ~QWtases.
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Footnote concerning 5.1

In accordance with the illustration in Section 3.1, it is
necessary to distinguish between ideal and real initial condi-

tions during vent clearing. The number of vent clearing
cases with ideal initial conditions is assumed to be n ~~%g.

It is conservatively assumed here that ideal initial condi-

tions prevail during the operational test of the relief system,

during turbine tripout and during the first response of the

system in the "Failure of main heat sink" accident. In addi-

tion, additional cases of this type up to the above-mentioned

total number of n ~Q,Q are allowed. This covers the con-

ceivable accident behavior "Snifter valve remains open".

,A load from an adjacent quencher is superimposed in ~~+of
these vant claazing cases.

Real initial conditions prevail during the remaining n ~ g~Q
response cases, which arise primarily from the 'Hold at pres-

sure and temperature" accident.
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- Start-up of the system from operational

(zeal condition>.

Pzequency of n ~ h~~cases.

initial conditions

- Intermittent condensation.

This operating case occuzs at low reactor pressuressures, e.g.,
omergency shutdown.

Then the relief system is alternately cleared and refilled
with water.

The system should be able to withststand the loads associated

with that> n P~QZ

The operating cases described above vere decomposed into
individual hase sp, since the loads vary continuously during

operation (ospocially during atazt up) an& only in that way

is a roalistic superposition of the loads possible.

A rough division yields the following 'three phases:

« start-up Table 5-1 / 1.1 - 1.3

- ctoady-state

condensation

» shutdown

Table 5"1 / 1.4

Table 5-l / 2"

.Howover, the start-up process must be further subdivided. since

the pzossure forces and moments and also the temperature load

vary rapidly.
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5.2 Load cases for the blowdown i e

The loads on the blovdown pipe result from the static calcula-

tion of the relief system vith the values indicated in Table

5-1 and the superimposed load from the ad)acent eystem, insofar

as it acts on the blovdovn pipe itself.

The occurring operating cases, operating phases and super-

positions are to be formulated in the same vay as for the

quencher.

5.3 Loads on the bottom mount

5.3.1 General

Because of the dasign of the bottom mount, it is only capable

of absorbing horisontal forces and torsional moments about the

vertical axis.
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5.3.2 " Horizontal force

The horizontal force to be thought of as acting at the quencher's

center point is introduced into the bottom mount and through

the blowdovn pipe into the restraining structure.

The maximum conceivable magnitude of the horizontal force

based on dynamic processes is determined in 4.4.1.

5.3.3

This load,and the hydraulic loads vhich act nearly statically
on the bottom mount are to be superimposed. The load acting on

the bottom mount @as calculated in /5/ based on the horizontal

force acting hydraulically.
I

A direct inspection by measurements on the component itself is
not possible because of the relatively complicated geometry.

Torsional moment about the vertical axis

Due to the horizontal force acting on the quencher arms, a

torsional moment is generated about the relief system's vertical
axis if ve assume a nonuniformity of that horizontal force.

The torsional moment is introduced into the component in ac-

cordance vith the ratio of the torsional itiffnesses of the

bottom mount and blovdovn pipe.

The maximum conceivable magnitude of the torsional moment based

on dynamic processes is determined in 4.4.2.

The torsional moment introduced into the bottom mount is cal-

culated in /5/ on the basis of the specified moment acting hy-

draulically.
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It is aasier to measure the torsional moment on the component

than to measure the horizontal force.

The analysis in Section 4.4.2 and the measurement on the com-

ponent (DS 7/8) show that the torsional moment is indicated

too conservatively by a factor of i%

5.3.4 Su er sition of horizontal force and torsional moment

It is not necessary to consider a superposition of the dynamic

load components, since the clearance in the bottom mount can

only be cleared by either a rotational motion or a linear
motion.

The superposition of the static components is analyzed in /5,6/.

5.4 Loads on the anchor int

5.4.1 Ceaeral

The folloving loads act on the anchor point (restraining struc-

ture):

connection forces and moments from the relief line due to

.impeded thermal expansion.

- vertical loads due to the weight of the components.

- time varying vertical load from .the blov&own pipe due to
I

expulsion of the eater column.
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- time varying vertical and horisontal loads due to flow de-

flection in the safety/relief valve.

- time varying horisontal forces from the perforated-pipe

quencher transmitted through the blowdown pipe and resultant
bending moments.

- time varying torsional moments from the perforated-pipe

quencher transmitted through the blowdown pipe.

5.4.2 Connection forces and moments from the relief line due to
e e t erma ex ansxon

The exerted forces and moments, Figure 2.1.3, are determined

by the elasticity calculation g~~~~~QL%.

For the superposition of the loads, we selected the line which

rosults in the largest connection forces and moments.

5.4.3 Vortical loads due to the wei ht of the com onents

The loads due to woight are taken into consideration in the

calculations.

5.4. 4 Time va in vertical load from the blowdown i e due to
o u s on o t e water co umn

Due to deflection of the water column expelled from the blow-

down pipe into the quencher arms during vent clearing, a time

varying vertical force is produced (see 4.3) . From the point
I

of origination in the quencher, it is introduced through the

blowdown pipe into the anchor point.

13-43





The vertical load is built up relatively quickly and then
docroases suddenly to nearly sero.

The dynamic load factor produced by this process is demonstrated

in /4/ and is allowed for in the design of the restraining
structure /ll/.
The specified vertical load was checked by measurement (see 4.3).
Zt turns out that the specified load of+QHp indicated in /4/
was extremely conservative.

A still more conservative extrapolation of the load from the
* measurement to the maximum conceivable value yields a value of

g~p.

5.4.5 Due to the deflection of the steam flow in the safety/relief
valve> a force acts on the valve as a result of the deflection
impulse.

This force is decomposed into a vertical component /F~/ and

a horizontal component /F<>/.

The specified load is to be checked by means of measurements

with DS 24/25 on one strut of the restraining structure during
the hot test.

The basic idea is as follows:

- After ad)usting DS 24/25 before the test, the forces due to
impeded thermal oxpansion are balanced out.
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- By comparison of the measurements with DS 1/2, the load from
the blowdown pipe at any time. can be subtracted from the
values of DS 24/25.

- What remains is a value corresponding to a load which must

be introduced from the valve.

Dsing the relations illustrated in Figure 5.2-1, we can calcu-

The result lies below the specified value.

Time va in horizontal forces from the rforated- i e uencher,transmztte throu h e ow own e an resu tin bendin
moments

The horizontal force acting on the perforated-pipe quencher is
introduced as a transverse force and resultant bonding moment

into the anchor point through the blowdown pipe.

It should be noted here that the static system of the relief
system is changed from a cantilevor into a system which is

N

clamped at one ond and supported at the other ond.

A direct measurement of the introduced transverse force and

moment is not possible.

As in Section 4.4.1, however, it is possiblo to analyze the

maximum horizontal force acting on the quencher. That has to
be compared with the initial values from /11,14/;





Time var in torsional moments from the rforated- i e
'„'nchertransmitted throu h the blowdown i e

The horizontal forces acting on the arms of the perforated-pipe

quencher produce not only a transverse force on the anchor

point, but also a torsional moment.

This torsional moment is introduced into the components in
accordance with the ratio of the torsional stiffnesses of the

bottom mount and blowdown pipe.

It must be taken into consideration that because of the clear-

ance in the bottom mount the blowdown pipe is already twisted

before the bottom mount absorbs the ma)or portion of the

torsional moment. The maximum conceivable moment based on

dynamic processes is determined in Section 4.4.2.

The analysis in 4.4.2 and the measurement of the moment in the

bottom mount (DS 7/8) show that the torsional moment was indi-
cated too conservatively by a factor of~
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6. Loads on the struts due to contact between blowdown i e and
(~i

rotect ve t e

6.1 Ceneral

During the hot test of the KKB relief system, a load not ex-

pected for this test series was measured "in one strut of the

suppression chamber bracing which joins directly to the

cladding tube of the relief system.

Since no appreciable unknown forces could be acting on the cladding
'I

tube, this load must have peen transmitted to the cladding tube

from the system itself by some unexpected mechanism.

Upon oxamination, however, a contact was discovered between the

blow&own pipe and cladding tube (6.1-1} ~

Por geometric reasons it can be assumed that the contact does

not occur only at one point, but rather over a larger area

(6.1-2).

The dynamic behavior of the relief system was analysed in /13/
in order to determine the maximum conceivable forces on the

bracing, which then would have to be handled safely.

6.2 Excitation forces

As demonstrated by the studies in /13/, only the transverse

force Hn thought of as acting at the centep point of the

quencher is of significance os an excitation force for bending

oscillations of the blowdown pipe.
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If, as in /13/, ve assume a first natural frequency of the

oystem at+@Br and an oscillating mass of ~~~kg, then ve

atill calculate an inertia force of ~,~-~~N (Equation A.5) .

If for a maximum analysis ve add to this inertia force of
the peak value of the ecting hydraulic transverse

force of gQQNp, then ve get a maximum conceivable dynamically

acting resultant force of ' MN.

In this analysis it is assumed that the total available energy

goes into the irst natural mode of the system.

6.3 Sti ulation of the maximum strut load

Since the computation model is not absolutely exact vith respect
to the coupling between protective tube and blovdown pipe and,

moroovor, the coupling from one system to another is sub)oct
to certain changes, ~ must make a safety allowance vhon speci-

fying the strut load to be assumed as the maximum that can occur.

According to /13/, the maximum strut load is calculated as"

AiN. In accordance vith vhat was said above, the
1

aasiaua strut iaad Nas iadiaatad as /+i~&~i~iN.

This must be safely absorbed by the component.

The vertical shock due to expulsion of the eater column and the
I

vortical forces acting at the quencher arms provide only a

small contribution in this analysis.
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To be able to reliably estate the loads on the struts, how-

ever, ve need only examine the maximum conceivable transverse

force, which is to be applied in the system of the resultant
force as the sum of the specified hydraulic force and t e

inertia force produced in the gap.

Baaed on the known geometry of the system and the model dis-
cussed in /13/, the maximum conceivable excitation force can

be found through the following analysis.

The hydraulic load of, '~+N acting at the center of thep
quencher ball is to be assumed to act impulsively according

,to the Specification.

Por an undamped oscillation, the deflected component oscillates
about its nev static rest position which corresponds to the

dofloction under the came load appliod alovly.

The amplitudes then correspond to the restoration at 0 load

or the deflection with double load.

The phrase 'transmitted to the relief system" means that the

oystem oscillates about a deflection position corresponding to'" - "ywxwz "---
""'e~xwzai,'.4

Load clin of the bracin of the rotective tube

To determine the expected load cycling, tosts no. 74-82 vera

used. Only those tests are representative, since in them the

suppression chamber catvalk vas cut out, so that the ultimate
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structural condition had been created for the region of the
protective tube bracing.

Each of the 9 tests was evaluated individually. The number of
load cycles and the amplitude was determined, The amplitude

/ +F / was set equal to the total oscillation amplitude
divided by two:

v
+F ~ ~F+~F

2

Only the loads up to tF ~~~~~~ were selected, since it can

be assumed that loads of - +F ~~~~~Q+N can be endured.

lfter the numbers of load cycles and load deflections per test
were determined, the numbers of load cycles per load deflection
were summed over all evaluated tests, Then load groups of
10 N each were formed thereby summarizing the measured values.

3

The load groups and numbers of load cycles are plotted in Figure
6.5.1 for IE%kWblowdown cases, they are enclosed by an envelope

curve.

The load of p ~~~~N derived in Section 6.4 is.set as the
highest load.

The fatigue analyses of the struts must take into consideration
the numbers of load cycles determined in this way.
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protective tube bracing.
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Tabelle 4 1 a
Table 4.1.a

TrLghei tel aat aus oeitlicher Diisenbewegung auf gerund dos
Spieles in der Bodenhalterung auf das Gesamtsystem
Inertia load on the ontire system from lateral motion of the
quencher due to the clearance in the bottom mount.

< r
horizontal inertia force
mass of the system
hydraulic horizontal force on the quencher
(equivalent force)
effective mass, consisting of quencher mass,
proportionate mass of the pipe and co-moving
water
gap width
natural frecuency of the system

I

k' ~ 1

AP

pipe water

~ttlg) n 'py ~ ~ /iZ nr~ .. n~.,„,

e~z>
Pft

~/i~< ''d@%

Itatische Ersatslast auf die DQse

Static equivalent load on
quencher'abelle

's ~ 1 ~ b
Table 4.l.b
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Tabelle 4 ~ 1.a
Table 4.1.a

Trhigheitslast aus seitlicher Diisenbewegung aufgrund des
Spieles in der Bodenhalterung auf das Gesamtsystem
Inertia load on the antire system from lateral motion of the
quencher due to the clearance in the bottom mount.

b».'. horizontal inertia force
mass of the system
hydraulic horisontal force on the quencher
(equivalent force)
effective mass, consisting of quencher mass,
proportionate mass of the pipe and co-moving
eater
gap Midth
natural freauency of the system

1

~t/~) /
P 'pv ~ ~

mpipe water

n~;.
Au n

V

Statische Rrsatslast auf die Diise

Static equivalent load on
quencher'abel

1 e 'k ~ I ~ b
Table 4.l.b

~ Py. i ~
'
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Table 4.2. a
Tabelle 4.2. a

TrKgheitslast auf einen DUsenschenkel aus seitlicher Bevegunj
der Duse aufgrund des Spieles in der Sodanhalterung
Inertia load on one quencher arm from lateral motion of the quencher

due to the clearance in the bottom mount

)Yaw I inertia -force
miss of quencher arm< including entrained vater macs

eigenvalue of the quencher arm

p r~ppz ~ hydraulic horizontal force on quencher
(equivalent load)
effective mass, consisting of quencher mass,
proportionate mass of the blovdovn pipe and
co-moving vater mass

gap vidth

mrA
$2 I~

Eppes(ir

l1P~~c

<ir') + gy

81)8111111/ //>

Itatfecho Ersatslist auf einen Dtlsenschenkel
Static equivalent load on one quencher arm

@8+cfe + + +rulc r ~

Tabelle 4 ~ 2 b
Table 4.2 b
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%bendix A

Anal tical descri tion of the inertia loads on the uencher

Ne consider one quencher arm,as an example; The bending loads

acting on the quencher arm are composed of the stresses which
I

result directly from the action of an external force and its
time variation, and the stresses which occur due to the effect
of inertia when the quencher strikes against the guide which

is constructed with clearance in the bottom mount. This

inertia effect, which is not limited to the quencher arm but

rather includes the entire quencher and is therefore manifested

on the bottom mount and the blowdown pipe, shall be analysed in
detail in the following.

A 1 Inertia loads due to a linear motion of the encher

hs long as the quencher in the bottom mount does not rest

against one of the possible points 'of contact, a suddenly li.e.,
impulsively) acting hydraulic horisontal force H~ causes the

acceleration

(A 1) b ~ —*).
wir)

(wirk ~ effective)

The restoring force of the bl'owdown pipe can be neglected to

good approximation here.

} m xs to be understood here as an effective mass which ismwirk
composed of the mass of the quencher, the mass of the wate"
entrained by the system and the mass of the blowdown pipe to
be allowed for proportionately. I
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For constant acceleration, the quencher has assumed the velocity
I

>! H~
(A 2) o

wir k
after crossing the gap s .

The quencher motion i.s strongly decelerated after crossing the

gap in the bottom mount, resulting in inertia forces. This

deceleration can be described in a simplifying manner as the

motion of a single-mass oscillator. For the time being, we shall

ignore the fact than an external force can also act. The time

variation of the velocity then reads:

(A 3) v ~ v cos„A t0

in which 0 is the eigenvalue of the mass-spring system, The

acceleration variation corresponds to the first derivative of

this function with respect to time. The maximum acceleration

is found to be

The acceleration in Equation (A 4) acts on the moving mass of

the system m ff. The eigenvalue of the induced oscillation of

the entire system is to be inserted for A. The resulting

inertia force due to the gap, 8 „h finds its reaction
gap quencher,

at the support points of the relief system.

However, an acceleration according to'qu'ation (A 4) also acts
/

on submasses of the system, e.g., the mass of one quencher a .-

including the mass of the water entrained by it. Mi'th the
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For constant acceleration, the quencher has assumed the velocity

(A 2) o rirk
after crossing the gap s

The quencher motion is strongly decelerated after crossing the
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deceleration can be described in a simplifying manner as the

motion of a single-mass oscillator. For the time being, ve shall

ignore the fact than an external force can also act. The time
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Wrk

The acceleration in Equation (A 4) acts on the moving mass of

the system mef f The eigenvalue of the induced oscillation of

the entire system is'to be inserted for A. The resulting
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on aubmasses of the system, e.g., the mass of one quencher ar.-

including the masq of the water entrained by it. Mi'th the
N

),3-9$



I

I

I

I
I

I



By integrating this differential equation once and inqerting the

boundary conditions, we obtain the angular velocity after over-

coming the twist angle < due to the clearance:0

(A 8) hn Rtlat ~ g, (f n a n

wir k Mr'k,
Tn analogy to Eq. (A 3) the time variation of the rotational
velocity is

(A 9) ga (J cost

The maximum rotational acceleration is then

(A 10) p gg
Pinally, in analogy to Eq. (A 5) we obtain an upper estimate for
the resultant moment due to the a caused by the inertia effect:

Mrk f M~k
Tike Eq. (A 11), Equation (A 5) can be applied to the entire
system and also to parts of the system by inserting for the

moment of inertia e and the eigenvalue A the values associated

with the component under consideration.

A 3 Su r sition of the inertia load with the h draulic load

A hydraulic load acts simultaneously with the inertia load due

to the gap considered above. Since the time variation of this
hydraulic load differs from case-to case, it is appropriate to

ladlcata an ~ tvalant t draclic load vltt anadotvala,nt

time variation in such a manner, that a conservative value

results for the equivalent static load (including the inertia
a
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Sy integrating this differential equation once and inqertxng the

boundary conditions, ve obtain the angular velocity after over-

coming the tvist angle g due to the clearance:0

(A 8) gp

In analogy to Eq.

velocity is

~":;;„V. - e~~
(A 3) the time variation of the rotational

(A 9) ga g cos9

The maximum rotational acceleration is then

(A 10)

Finally, in analogy to Eq. (A 5) ve obtain an upper estimate for
the resultant'moment due to the a caused b the inertia effect:Y

(A ll) +< i Q ~ E
~ ~' o

art < W~)c
Lance Eq. (A ll), Equation (h 5) can be applied to the entire
system and also to parts of the system by inserting for the

moment of inertia e and the eigenvalue, A the values associated
V

vith the component under consideration.

A 3 Su r sition of the inertia load vith the h draulic load

A hydraulic load acta simultaneously vith the inertia load due

to the gap considered above. Since the time variation, of this
hydraulic load differs from case to case, it is appropriate to

tndtoate an ' l,valent n dranlln load vttt an,edotvalent

time variation in such a manner, that a conservative value

results for the equivalent static load (including the inertia
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load due to the gap described above). The equivalent hydraulic

load can only be determined by tests.

For the relief system it was first specified on the basis of

model tests in the Hannheim Central power Station {GEM) and

examined on the actual geometry during the non-nuclear hot test
with the relief system in the Brunsbuttel nuclear power plant.

The equivalent hydraulic load is assumed to 'act im ulsivel
Neglecting a clearance, we then obtain a dynamic load factor of

2. In the most unfavorable case, the peak stresses resulting
I

from this process are added to the peak stresses resulting fro"
the inertia effect described above due to the gap. The following

conditional oquation is then applicable to determine the equiva-

lent hydraulic load Hhic

Htotal i gap i hi
in which 8 1 i signifies the equivalent static load for thetotal i
component under consideration. Correspondingly, for a moment

analysis we have:

"

total arm ™gap arm + h arm

if a single quencher arm is considered, and

Ntotal quencher gap quencher n quencher - cB C
~ M + 2 K

m

if the entire quencher is considered.
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A 4 encher motion and encher load in the e riment

The motions of the quencher during operation and the mechanical

loading, especially at the points of connection of the arms

to the quencher ball, vere measured in the non-nuclear hot test
with the relief system in the Brunsbuttel nuclear power plant.
Pigure A 1 is a compilation of the measurement traces for vent

clearing test 21. The exact position of the indicated measur-

ing points can be found in Figures 2.1.-1 to 2.3.-6. It should

be noted that the time axis goes from right to left.

After the valve is opened and the system is cleared, pressure

oscillations occur (see measurement trace DA 13). Loads on the

quencher and the bottom mount are recorded simultaneously by

the strain gauges (DS).

As ooon as the operation of the system goes over to steady-state

condensation after about+~~~Q the values decay to a small
4

residue. The maximum stress peaks at the quencher arm are in

the range ~~@ aoconds after the vent clearing.

In the upper third of Figure A 1 the measurement trace WD 3 shows

the rotational motion of the quencher recorded at one end of an

arm. In the middle of the Figure, the transducer DS 7/8 indi-
cates the moment introduced into the bottom mount. The measur-

ing point indicates no deflection when the quencher moves freely.

After the maximum angle of twist is reached, the acting moment

is indicated. However, transverse forces are also introduced

into the bottom mount in addition to the moment a?put the
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into the bottom mount in addition to the moment a?put the
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vertical axis. This can be recognized easily from the fact that
the measurement point DS 22/23 (strains at the lower part of
the bottom mount) also indicates deflections when no moment is
recorded by the transducer DS „7/8.

The measurement points DS 40/41 and DS 42/43 display the trans-
verse load in the horizontal plane for two quencher arms. In
the middle portion of the illustrated time interval, we clearly
recognize the bending of the quencher arm when the quencher

reaches the stop in its rotational motion. At times before this
(i.e., further to the right in the illustrated time interval),
high-frequency oscillations are superimposed on this process.

In vent clearing test 25 (Figure A 2) i the motion sequence of
the quencher differs from that described in the test above. The

rotational motion of the quencher oxhibits substantially smaller

maximum deflections which can be oasily seen from a comparison

of the measurement traces MD 3 in Figures A 1 and A 2. In test
25, practically no torque is introduced into the bottom mound

(measurement trace DS 7/8),. which indicates that the quencher

does not reach the stop during its rotation. Nevertheless,

1oads are introduced into the mount (DS 22/23)i the quencher

therefore re'aches the stop during linear motion. The linear
motion of the quencher is also manifested in the high-frequency

oocillations of low amplitude at the displacement transducer

WD 3. The loads on the quencher arms (DS 40/41 and 42/43) are

of comparable magnitude in tests 21'and 25.
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Figure A 3 (test 74) provides an example in which one quencher

arm (measurement trace DS 40/41) has nearly no bending, although
the other (measurement trace DS 42/43) is loaded as in the
oxamples described previously. Thus, depending on how 'the

quencher strikes against the bottom mount, the individual quencher
I

arms can be loaded approximately equally or distinctly differently.
Therefore, linear inertia forces due to the gap can also arise
from a rotational motion of the quencher.

Zn test 79 (Figure A 4) two closely adjacent quenchers were

actuated simultaneously, whereas the tests described previously
were performed with only one valve. No significanct difference
in the maximum load on the quencher arm (DS 40/41 and-DS 42/43)

can be seen from a comparison of the 2-valve test (Figure A 4)

and the 1-valve toots (Piguros A 1 to A 3).

Ho method is known by which the hydraulic transverse forces and

the inertia forces can be measured separately. However, the

formulas derived in the preceding Sections make it possible to
nake this distinction computationally on the basis of an oquiv-

alant hydraulic loa& and an equivalent time variation. This

makes it possible to specify the loads oven for different design

data. To support this statement it may,be mentioned that the

hydraulic transverse force determined from the model tests in
I

the GlQf tost stand was confirmed in the RXB hot test (see

Section 4.4.2), although the quenchers were supported differently
in the two tests ~
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APPENDIX B

In this Appendix ve shall make a fully dynamic calculation to

generalise the analysis of Appendix A (which applies for a

1-mass oscillator) by means of a throe-dimensional calculation

model of the relief system and a finite-element program called

STARDYNE .

The model is illustrated in Figure B.l together with the num-

bering of the elements and nodal points. It includes 39 nodal

points, 38 elements and encompasses:

- the blowdown pipe
- the perforated-pipe quencher and its bottom mount

The model c'orresponds to the one described in /13/. For better

assessment of the processes occurring in the region of the

quencher arms, the subdivision of the arms into oloments vas

refined and the cladding tube together with the struts to the

inner cylinder was decoupled, since those parts of the relief
system unnecessarily incroase the number of natural frequencies

of the structure for this analysis and the remaining natural

frequencies are influenced only slightly or not at all by the.-.

All additional information concerning the computation model

can be found in /13/.

Ei envalues and natural modes of relief s stem

The natural frequencies and natural modes of the KKB relief
system (with respect to the entire system, including the
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cladding tube and struts to the inner cylinder) 'have been

indicated previously in /13/. Zn addition, the eigenvalues

for the blowdown pipe and perforated-pipe quencher were calcu-

lated separately here oo as to also be able to include the

much higher natural frequencies of the quencher arms.

The relevant natural frequencies for the individual components

of the relief system are as follows:
- blowdown pipe
- cladding tube

- struts to inner
cylinder

- perforated pipe quencher Q~Q

Here we shall once again summarise the determinative fundamental

frequencies. They are listed inTablesB.l and B.2. The asso-

ciated natural modes are illustrated in Figures B.2A-B12.B.

The first 20 natural frequencies of the system were considered

in the calculation of the dynamic processes.

B.2. Inertia loads from a linear motion of the encher

Nith the utilised computer program it is not possible to simulate

impulsive processes exactly. To be able to determine the influ-
, once of inertia forces nevertheless, the following method was

used:

a) The system was excited impulsively with a unit transverse

force
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This unit force was assumed .to act horizontally with an

application point at the imaginary center point of the

quencher ball. The lower end of the connecting pipe be-

tween the quencher ball and bottom mount (nodal point po.

791 in the model) has a clearance of at most 5",gmm in the

horizontal direction. After that, it would hit against the

wall of the bottom mount.

With the unit load of 5M kN assumed here, this gap ofggm.-..

would be crossed after a time t ~ Q~~~ sec. At that

instant of time, the entire system has a kinetic energy (at

the collision):

(St ~ Stoss ~ collision), where mi and vi at are the mass

and volocity of any individual nodal point, and n is the

number of nodal points having mass.

This total kinetic energy can be thought of as being reduced

to one mass point of mass Coy

D

and average velocity vo.

Therefore: i ~ II
1 z 2~ ~ D ~ Y ~ I ~2 g oat 4 2 i fitl ~ 1

and the mean velocity is

T
o at

~

~ ~ I at
1

~ II.
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/
Me thus obtain for v0 t the value:

Y
o ct

KRAFTWERK UNION
AG PROPRIETARY INFO/NATION

v a <~~% cs/ooc (Ba)

v0 t is thus the averaged velocity during the collision due
0 st

to acceleration with a unit force calculated from the kinetic
energy of the total system at the assumed time of the impact.

b) The system was deflected statically with a unit trans-

verse force

This transverse force also acts horisontally at the center

point of the quencher ball. Due to the deflection thereby

impressed, it would be possible for the system to oscillate
freely as a function of the intrinsic spring stiffness and

mass density.

6$ nce the transverse force after the deflection is set equal

to sero and no other external force acts any longer, the

influence of, the inert masses can be kept apart.

After the collision at the free lower ond of the blowdown

pipe, the motion of the quencher continues until the avail-

able kinetic energy is dissipated by the relief system acting
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as a spring. The relief pipe and quencher experience a

deflection which is proportional to the applied force.

After reaching a maximum deflection, the structure springs

back and, under the assumption of a nondamping process, the

kinetic energy at the next zero passage must be equal to
that present at the time of the collision. (~)

All mass points of the computation model have different
instantaneous velocities. To get a maximum value of the

summation
1 2'

~
2

~ f

the motion of the system was traced at intervals of @~ms.

That resulted in a maximum of the value S afterg~lms.

The calculated mean velocity v0 > due to mass inertia +as

KRAFTWERK UNION
vog AG PROPRIETARY INFORMATION

(S2)

A stress @as calculated for" the measurement point DS 42/43

in the hot test (DS 42/43 corresponds to nodal point no. 772

in the model)~

g ~
c ~~Q N/cs

Using the assumption designated by (~) above and because

according to (A 4) the velocity has a linear'nfluence, the
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as a spring. The relief pipe and quencher experience a

deflection vhich is proportional to the applied force.

After reaching a maximum deflection, the structure springs

back and, under the assumption of a nondamping process, the

kinetic energy at the next zero passage must be equal to
that present at the time of the collision. (*)

All mass points of the computation model have different
instantaneous velocities. To get a maximum value of the

summation
1 2

~ f

the motion of the system vas traced at intervals of @~ms.

That resulted in a maximum of the value S afterg~~ms.

The calculated moan volocity v0 > due to mass inertia vas

KRAFTWERK UNION
+op AG PROPRIETARY INFOR"1ATION

OX (sa)

A stress vas calculated for the measurement point DS 42/43

in the hot test (DS 42/43 corresponds to nodal point no. 772

in the model):

e ~~~ N/ca

Using the assumption designated by (~) above and because

according to (A 4) the velocity has a linear influence, the
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mean velocities indicated in (B 1) and (B 2) c~ be formed

into a ratio with which the loads calculated in b) are to
be multiplied in order to determine the influence of the

inert masses under a unit load. The ratio is:

—::„"-mull//i
The stress for the measurement point DS 42/43 due to mass

inertia and due to a unit transverse force of Q~lkN (PQNp)

is:
Y

QMMMMMMMMQN/~
o H

This stress corresponds to a static equivalent load of

~~gkN (according to Figure 5.2 from KW Report R11-3141).

According to the Design Specification, the maximum oxpected

horizontal transvorse force is 8 ~ Q~~kN. The opecified

force is thereforeg~g times greater than the unit transver~

force considered heretofore.

On the other hand, the determined stresses are proportional

to the square root of the applied transverse force. Zf we

now insert the specification value instead of the unit trans-

verse force, we get a maximum static equivalent load due to

mass inertia:
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20 natural frequencies of the system, whereas in Appendix A

the entire transmitted energy was concentrated at onl one

'eterminativefrequency. Thus, the result of Appendix A

can be viewed as a conservative upper estimate (a frequency

of @~3Hz was used there) without ending up in any con ra-
dictions.

B.3. IInertia loads from the vertical force durin vent clearin

The deflection of the vertically downward directed flow in
the blowdown pipe to the horizontally directed flow in the

quencher arm produces on the quencher a vertical force whose

action was desqribed in Section 4.3.

This vertical force acts impulsively, quickly reaches a

maximum value and then decreases to zero (see Figure 4.4).
In the non-nuclear hot tests, the vertical loads on the

blowdown pipe were measured by the strain gauges DS 1/2 on

Qe blowdown pipe (aoe Pigure 4.3).

The vertical force during vent clearing causes an expansion

of the blowdown pipe in the direction of the force, whereby

the system is oxcited into longitudinal oscillation. The

accelerated off-center masses of the quencher arms produce

inertia forces in the vertical direction, whi'ch in turn

produce bending stresses on the quencher arms.
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To ex~inc the effect of those inertia forces, the calcula-

tion model vas loaded vith a unit load of g+++++Q
in the vertical direction, this load vas applied as a ramp

function very slowly (fromg~~~~LkN within +seconds),
so that it could be considered as ~ static load.

After /+seconds,, the force vas set equal to zero so that the

system vent into free oscillation, as in B.2.b. Since no

external forces act any longer, the loads that occur are

attributable to the influence of the mass inertia. The stress

maxima occur L&ms after the system oscillates freely. A

maximum stress
+2Oi2i

vas calculated for the measurement point designated by posi-

tion DS 20/21 in the hot test. This stress corresponds to

a static equivalent load on a quencher arm of

V i%%~~
Additional results for characteristic positions on the,quencher

arm can be found in Table B.3.
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Table B.l
Determinative natural frequencies of the entire system.
Taken from /13/.

RegionOrder Natural Damping
no.. frequency mod.

5

8

9

10

Quencher (rotation)
Blowdown pipe (1st natural

mode)

Blowdown 'pipe and claddina
tube
Cladding tube
Struts to inner cylinder
Struts to inner cylinder
Blowdown pipe (2nd natural g

mode)

Table B.2
Determinative natural frequencies for blowdown pipe and
perforated-pipe quencher

r er
no.

Natura
frequency

Region Damping
mod

3

B

11

12

14

15

17

Quencher (rotation),
Blowdown pipe (1st natural,

mode)

Blowdown pipe (2nd natural.
mode)

Total system (1st vertical
oscillation)

Quencher arm

Quencher arm

Quencher arm (vertical)
Quencher arm (horizontal)
Blowdown pipe (3rd natural
mode) and quencher arm

Total system (2nd vertical
oscillation) g ~

*

Bloodooo pipe (Ith ootorol
mode) and quencher arm
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Table B.3

Stresses in the encher arms (Vertical load ~ ~ }}p)

Nodal
point
no.

Corresponds to:
Measurement
point
Hot test /
Characteristic
point

Stress
N/mm

Corresponds to a
force on quencher
arm (according tc
calibration diagra-..,
Figure 5.2 in
Report 3141)

kN

771
77.2,
77'3'74

DS 42/43 (Pos.)

Middle of hole
array

V%%

776
777
779 . Middle of hole

array

781
782
784

,DS 40/41 (Pos.)

786
787
789

DS 11/12
DS 20/21 (Pos.)
Hiddle of hole

* array
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75$

759

76C

74'I

762

762

766

765

'7I5

7I4
7I5

7d2
7d7

'76

766
7I7

7dd
IS S

744

767

76
r79

r 7

7C

76"„

75

9

7QC
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OSCXLIATZON BEHAVIOR OF BLOWDO!8N PTPE AND QUENCHER, KKB B1030
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OSCILLATION BEHAYIOR OF BLO>lDOllN PIPE AND QUEHCHER, KKB B1030
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OSCILLATION BEHAVIOR OF BLOfCKHN P1PE AND QUENCHER'KB B1030
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OSCILLATION BEHAVIOR OF BLOT'tDO!5N PIPE AND QUEHCHER, KKB B1030
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OSCILLATION BEHAVIOR OF BLOWDOMN SYSTEM B KKB
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OSCILLATION BEHAVIOR OF BLOWDONN PIPE AND QUENCHER, KKB B1030
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OSCILLATION BEHAVIOR OF BLO'NDO!)N PIPE AND QUENCHER'KB B1030
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