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INFORMATION. ‘
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NONLIABILITY CLAUSE

This report is based on the current technical knowledge of’

KRAFTWERK UNION AG. EHowevar, KRAFTWERK UNION AG and all pg:sons
acting in its behalf make no guarantes. In pqrticulai, théy are
not liable for the corractness, accuracy and completeness of the

data contained in this report nor for the observance of third-
party rights.

This reservation does not apply insofar as the report is delivered
in fulfillment of contractual obligations, nor with respect to

licensing authorities or the experts appointed by thenm. i

KRAFTWERK UNION AG roserves all rights to the technical informa-

tion contained in this report, particularly the right to apply
for patents. '

Further digsemination of this roport and of the knowledge con-
ngnod therain requirces tho writtan approval of KRAFTWERK UNION AG.

HMoreover, this report is communicated under the assumption that
it will be handled confidentially.
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1.

Introduction

The moasurements dﬁrinq the start-up tests in the Wiirgassen
nuclear power plant (KWW) from the end of 1971 to the beginning
of 1972 demonstrate that large forces on the containment can
result from the pressure relief s}stcm. These loads are gen-
erated by air oscillations during vent clearing and the pulsa-
tions due to condensation at high water-temperatures. The
pu:pose‘ot developing a quencher was to reduce'the air oscil-
lations and to render the temﬁerntuxe limit safe by purely

palciQQ measures.

After the quencher was optimized in model tests and the essen-
tiai parimetérs for the transpogition to the full-scale version
were in;estigated /15, 18, 19, 20/, the measurements performed
with the actual system during the non-nuclear hot test in the

Brunsbiittel nuclear powor plant (XKB) represent the conclusion

of the development process.

In /21/, primarily the,loadf measured on the containment and
its internals were presented. For the most part, they exhibit
lar;a reserves with respect to the Qesign. The purpose of the
pr;sent report is to analyze the loads measursd on the relief
system itself. The lpecifi;d external loads were confirmed.

In some cases, the actual loads were di§tinct1y below them.

A computational check of the guencher withhtoalistic load values

demonstrates that the measured locads can be handled safely.

»

Fl
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Uﬁ 2.1

Review of the construction of the relief system and the forces
acting on the system

Congtruction of the relief system

The relief system consists essentially of the following com-

ponents:

- relief line (supply line from the main-steam line) to the
safety/relief valve.

- gafoty/relief valve

N NN N NN A N AN N N AN NN N AN

- pipe orifice

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

ALEE MM AR AR

~ blowdown pipe
NN NGNS NS RN NN N Na NG\

- perforated-pips quencher
N N N N N NN NN N NSNS NN

&

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

EN N N N N N NN N A N AN N

- cladding t;be (protective tube) .
AN N NN AN N AN N N AN AN

13-8
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Paeriphaeral components include:

- suppression chaimber bracing

NS\ AV SUSN NSNS

= Suppression chamber cylinder with reinforcement ring

NN\ N\ VNN NN AL

The :alief‘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 fagtened by means of the restrain-
ihq structure (a steel frame structure) to the missile shielding
concrete of the suppression chamber top.

By a suppor£ in the suppression chamber top, the blowdown pipe
projects vertically downward into the water space of the sup-
pression ?humbér; The perforated-pipe ;unhcher is welded to
the lovc:1hnd of the blowdown pipe. '

In the air space and water space of the suppression chamber,

the blowdown pipe iz surrounded by a cladding tube which is

—.

welded at its upper end to.the support of the suppression
chamber and terminates under the water, juft above the per-

forated-pipe quencher.
“ LI

The cladding tube is fastened laterally in the suppréssion~

chamber bracing and thus is also braced against the inner

cylinde; :1pg.
. 13-9 ’ :
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At the bottom of the ball,. the pcrforatcd—pipe quencher is
prolonged by a hollow rod which is guided laterally into the

. bottom mount. The quencher is secured agaxnst :otatxon by

tuo bolts arranged in cross form.

For the sake of clarity, only the essential compongnts‘of the
relief nystem are illuatruted in Pigure 2.1-1. The bottom
mount is illustrated in detail separately in Pigure 2.1-2,

Summa;y of the forces acting on the relief éystem

The forces acting on the relief system are illustrated in a .

load diagram in Figure 2.1-3.

~

In addition to the specified hydraulic loads, it is necessary

to consider inertia forces which arise because of the clearance

' necessary in the design. Thoy are analyzed analytically in

Appendix A.

Howevaer, only the inertia forces on the quencher arms are of
primary importance, since those inertia forces are of the |

3
sanme order of nagnitudc as the hydraulic load due to the léng

projcction ot the arms.

. The analysic must be illustrated for the quencher 8 transverse

(pcndulum-type) moticn and nlao for the rotational motion.
The same phenomenon comep up when analyzing the vertical motion,
aipce th}‘relicf ?yséem is set into longi:udinal'oscgllatdon
py"thg vertical force. : 7

v ¢ . A
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2.3

individual components of the system.

fhe ygdrauiic source loads and the resultant inertia forces
are listed in Secégqn 5. The action og the relief system on
its surroundings, i.e., its support :eaétions, are algo
discugsed inHSection‘s. In addigion, we discuss the.ﬁcrces
that do not act on the quencher itself or on the blowdown

pipe, ;uch ds pipe connection forces on the anchor point of
the gystem. ‘

2

Meagurements during the hot test with the relief.system

General

During the hot test with the relief system in KKB, the action
‘of the:.hydraulic loads on the. relief systen and. the streﬁgth
‘of “the. relief system were investigated, among other'things: ’

For that purpose, extensive measurdments were made on the

v
N

uuéérous strain gauges, displacement transduce;s,hp:esiure .
trahnqnce;s and temperature doanu;ament‘points were mounted on
the safety/relief valve, blowdown pipe; protec&ive tube, '5 ‘
quencher and support structure. ' ”

Por a more detailed explanation, we have appended to this
report the Figures with inforﬁagion on the moasgrcment peints

from /x2/, which are of interest for the topics tpgbe discussed -

here.' o -
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Instrumentation ‘ P
e : .

.The measurement transmitters are shown in the Pigufes listed
‘below: . o : :

Pigure 2.3-1 Survey diagram . L )

FPigure 2.3-2 4+ Pressure aﬁd temperature distribution in the
1 2.3-3 "supp:ession‘chnmber

Figure 2.3-4 - Instrumentation of relief system
- 2.3-6

"

v . '
. . »

‘Indebenhently of the measurement group coverages, all tempera-

" tures were recorded with Polycomb recbrde}sl;hxoughout the

cntié; test period. A few important temperatures. were also
;oco:ded‘in“analog form by fast recorders during‘the t?st
period. All analog data was recorded by fast recorders and
also simultanecusly on magnetic tape.

- »

In addition to the transmitters of the aspecial instrumentation,
the following operating measurement parameters were recorded

‘ - ] )
with the brush recorder: ‘ - )

‘-~oxcita€ibn ihpulle {(also on special instrumentation) .

~-positioning signals for pilot valves

‘possible 1ift of relief valvaes (also on special instrumentation)
' liquid level in RPV v '

1if¢ of pilot valve RA 21/S 222 (to.RA 21/5 221)

To make possible a visual ‘and acoustic tracking of the tests,

, | 13-12
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‘a telovision camera was inserted-in the vicinity

"

.
N

of quencher
RA 21/5 221 above the water surface and an underwater micro-

' " » - .
phone was inatalled.
N .
.
. -
& .
.
.
.
.
, .
.
-‘ 1]
- v
. .
. , - >
.
. 1
.
) \ .
' -
.
[
.
- .
M " N
iy, * v
LI ! . ‘ ! "
* 2
.
.
" *
. ‘
.
.
.
‘
,
\
. * *
.
\
.
3 it
.
. .
. 1
.
v . -
:
. .
. .
.
\
.
.
; .
.
.
. .
«
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Loads on thé blowdown pipe

Anuuminq ideal conditions, the lower part of the relief system
1- tillod with'vater up to the water level of the suppression
chaqber during the shutdown (Figure 2.1-1)*. Between the
vater level ing the valve there is air -saturated with steam.
When the valve is opened,l:}eam flows into this space and is
nmixed with the air. The preassure rising in the pipe accel-
orates the unte: 8slug vhich is sealing the lower end. As soon

as the systen isg clearcd of uater, the air mixed with steam

- i cxpelled. Then a steady-state opexating,condztion is aet

up with an internal pressure determined by the flow rate.
Depending on the time variation of the tt;am inflow éuzing the
valve-opening phaue, oither a larger or a smaller pressure

can prevail at the inltant of the vent clea:ing. The pressure

thcn panse: over to thc steady-state value.

*

The loads on the blowdown pipe are composed of: .
-.the vertical force, the transverse force and the moment
- about the vertical axis, which are initiated by the quencher,
=:the internal prcsnuxc and

«.the tampc:atnre load.

A

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

internal pressuxe and the :esulting temperature load are the

topic of .this Section.

-
“

y - . . o \
¥} As 18 discussed.in detail in Section 3.1, the normal water
level in the.pipe is clearly lower than in this ideal case.

w
»
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3.1

Internal.pressure . ) T .

For int;znal ?raésu:e it i3 necessary to distinguish between
the pressure during vent clearing and ﬁhe pressure during
condensation. Por vent clearing it is necessary to distin-
guish in turn between ideal (i.e., carcfuliy 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 thg»pipe is at the same 1ev§l
as outgide in the suppression chaﬁber.. 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 water level inrthe
pipe was matched to the external water level by holding open
one 9! the two snifter valves. The snifter valve was closed
io to 15 seconds before the test. Since the injected air was.
dintinét}y colder tha; the hot pipe at approximately 100°,
an ovcipteslu:e arose in the pipe dp:ing this periqé due to

heating of the air., This process was monitored until about

, 1 second before the beginning of the test. As nhéwn in Figure

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

test was AN cn and the velocity of the water column was
VAW c=/s.

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

the;vcnt clearing in two tests is compared to the pressure

13-15






build-up calculated with the.BOGBM program (see proéram des-
c:ibtion in /15/). 2In the computational éheck, the measured
initiol values and the known flow curve of the valve were
entered ;a & function of the valve 1;ft,/16/ (Figure 3.2).
Pigure 3.3 relates to test 5 vit; plowly opening valve In
test 17 (Pigures 3.4), ;n‘ixt;cmely short valve-opening time
Vas;forqed by using nitrogen as coqt;ol m;dium at a pressufe
higher than the system pressure.’ This resulted in the good
agteenént betyeén coﬁpgtatign and measurement familiar from
tﬁevmodei ﬁcats )15/. By using the compugatiénal,model it

is therefore possible to convert to operating conditions otﬁe;
than the measured ones. Using the valve-opening’characteris-
tic shown in Pigure 3.5 and justified in /17/, the vent clear-
Ang prosnﬁ:e is calculated as a funétion of the reactor pres-
sure as illustrated in Pigure 5.6. In thca§ compuﬁationi. the
water lavel in the pipe was assumed.to be ctationafy‘and equal
to the water level in the suppression chamber.

¥
3

Yéné‘cicaring pressure_for real initial conditions

“ . 5 v
» B .

If‘Ehe valve. is reopened a £eg‘cccondt'a£eer the élosing,then

'ihc,init;al condition described above cannot have been adjusted.

After closing the.valve, & slight undeip:easuxe arises in the
g ;

pipe. Since the air can flow in through the snifter valves
substantially faster than'the'vate; through the quenchgi be~

cause of the much lower pressure drop dué to the lower density,

wthé‘lubacrqod part of the relief system is only slightly filled

“ . : T

.
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with water. To bc sure. at the positxon of the quencher

thcre is a higher. preanure than in the drywell, corrcsponding
to the lubma:gence in the water. The :esulting rise of the
wnecr level and compreaaion of the air opposes the” heating

and thu: the oxpansion of the air. Thus, if the valve re-
spondt lgain after a ghort time, then, because of the ‘small
mass of water to be expelled, only low vent clearing pressures °

u

are to be expected.*)

From thésg experimental :esﬁlts it can be inferred that tﬁé
iqwcred water level in the blowdown piﬁe is maintained not only
for seconds or minutes, but rather gor h;urs. This result is

not self-evident at first, since a éon;eivablg untightness of

the snifter valves with an sffective leakage area of o.licm2

‘causes an!equalization of the water levels within a few minutes.

On the other hand, an equally conceivable untightness of the
foiiat'qplvc with an effective leakage area of somewhat less
-than 9.005 c:n2 holdai?hé equilibrium at nominal reactor pres-
sure for the abovc-montioned leakage area of the snifter valves.
The tact that the :eliet valves vent slightly after the first
:ccponse is known both from the GKM teats and also .from the

KXB hot teqt. uostyinstanceslof relief system response result

.4n the‘Qvent of the "Hold at pressure and temperature” accident.
* oy

The deactivation time of the continuously :osponding valve is

¥
.

¥) From: the high :oslatance of the water flow in the quencher
and the resulting low velocity of the water, it can be further
* $nferred that the water can at most  reach the lavel of the
. water in the pool. This is true because of the low velocity
of the water even under accident conditions such as’ vhen a .
. lnittcr valve :amains open.
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approximately 1 minute during this accident, so that the"yent

clearing starts over and over again from the real lowered

wvater level in the pipe.

Bteady~-state pressure ggggné condensation .

The stoady-state pressure during condensation is only a func-
tion of the flow rate. As soon as critical values are reached

at the quencher puﬁiet,;a flow-rate rise can be achie&ed only

by an increase of the density, since the stean température

- and. thus ‘the speed of sound are nearly conntaﬁt along the

lltuxutod-ltcam line. §6ince the density alang the paturated-

€ »

stean l}ne is pra;tical}y propo:tional to the pressure, the
pfcl‘;}e'in the relief system must-be"préportioﬂhl to the_ .
fiow rate. The lquurcmant valuei illustrated in Pigure 3.9
co::q.npnd"to the gkeicipatcd linear dcpcndcgce beginning at
8 flow rate of about: W t/h. 'rhg ucaitter of the measurement

;! ""‘" ¥ i
values can be attributed partly to the pressure measurement

and postly to the flow-rate determination.
N I,
: ¢ . ,

. ) ]
The p:csauzc variation in the pipe and at the bottom for s test

vith carofully adjusted initial conditions and for a test with
rcal rinitial conditions are comparod to cach other in rigure 3.7.
The valve-opening time and reactor pressure are approx;mately
the lamc in both cases. In the test with ideal initial condz-
‘tions; there 1. a clolrly pronounced pressure maximum in the

blowdown pipe approximatoly!i!l!ms aiter ‘the boqinning of opening.

W

Y

¥ EransIator's note: -t -,natric tonyn 1000 kg
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i!:cm that time on, a pressure maximum is recorded at the bot-
ton also, which indicates that air is now being expelled.

In the test with real initial conditions, there is already

& first slight rise of the pressure at the bottom after \Nhms.
The pressure in the pipe also passes through a maximum of
low-lmplitudc at that time. The £irst outlet holes of the
qufnchcr were probably already cleared of water at that time.
?hil indicates an extremely low water level in the pipe at the
beginning of the test. It is certain that the quencher is cleared
at the time of the pressure maximum at the bottom k.“ ms after
boginn;ng of valve opening). Bowavcr, the'ove:prcisure in

the piﬁe is only \\bar. Thus, if the valve already reopens
within a short time a:tor the clocing, then the vent clearing

p:ossu:os are low,

Zn the hot test, tests with real initinl conditions were per~
formed lt intervals of a few nuconda, & few minutoq and s

few hours. Por the tests with reactor pressures q} 50 to 75
bar the measured overpressures in‘the pipe at the vent clear-
ing time are plotted versus 'the time separation of the tctt
from th. preceding one. The measured pressures crc practically
Lndepcndent of this time separation. A maximum (ab:olute)

vent qloaring pressure of about “bar! was meuu:ac‘ for such
conditions. . 'h

et o
In contrast to the nuclear reactor opesration, the steam was

not dried. Since the steam therefore has a moistére content

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

L 13-19
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- 3,2

«

is not exact. However, since a saturated-steam condition
before the valve was assumed in the evaluation, the calcula-
tion is conservative, i.s., the flow rates were underestimated

and the pressures in the blowépwn pipe were overestimated,

Biqh-tro&ucn&y turbulent p:t:s&:e £luctuations are superimposed
on the steady-state internal pressure. The peak amplitudes
xeasured during the hot test were DN bar. More important,
however, are the loads due to intermitgent condensation during
which additional alternating loads occur besides the pressure
fluctuations. Intermittent condensation occurs at very low
flow rates and Aot too high pool temperatures. The quencher
does not remain continuously glea:ed by the inflowing stean.
Instead, water goes in and out rhythmically. ' The maximum pres-
sure measured in the pipe during the hot tott vas |E|Ibar.

| !hc inflow and outflow of the water occurred’ at a frequency o!

*

approxﬁ.mtely\‘nz .

rcmggrcture load ) o,

if the valve has not responded for a long time then a steady-

0

igatq condition with respsct to temperature is adjusted at
:iﬁo pipe. The portion of the :qllat system guﬁé&rged in the

vater paol assumes the water tempe:ature. A€ the valve there

'cppoars a flow at the llturated-stoam tcmpc:atu:c correspond-~
‘iaq to the reactor pressure. The bloudovn pipe assunes &

15ud

t-npc:atuto batvesn these vulucs. In tho hot test, a tempera-
tu:c in the blowdown pipe of somewhat more than 100° C vas

1
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ssasured about 50 cm above the water level in the suppression

chamber for large time intervals (hours) between tests.

After opening the valve, the inner wall of the pipe is heated.
The heat transfer, initially from the stean~air mixture to

the pipe wall and later from the steam to’'the pipe Gall, is
good only when the state of aggregation of the steanm varies.
The relevant factorkfor the heating of. the pipeﬂis therefore
the saturated-steam temperature porrespohding to the particular

pressure aris}ng ip the pipe.

The time variation of the temperature in the pipe wall due td

4 t,mpera:ure jump inside the piﬁe was calculated in /9/. The
tanmperature load on the pipe is obtained conservatively by such
& e,mpcrature juméj More realistic, however, is a staircase-
type lpp:oximatiogaof the actual temperature variation by‘
individual szall texparature jggp:. With such an approxima-

de A
"tion, the temperature stress on.the outer fiber of the blow-

down Pipe at the time of blow-free is calculated in Section
4.34(.03 Figures 4.2 and 4.3).

Atﬁcr closing the valve, the pipe cools down again slowly.
Only the part of the pipe in the immediate viginity of the
quencher is cooled down rapidly by penetrating water. This

part is considered below together with the quencher.
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~ Loads on the quencher

As onﬁthe blowdown pipe (see Section 3), the following loads
also act on the quencher ,

= internal pressure and

~ temparature load.

In addition (sée Figure 2.1.-3), loads arise due to:
~ vertical force
= horizontal to;ca and

]
"

- poment about the vertical fxis._

These loads are passed on partially via the blowdown pipe and
partially via the bottom mount. Due to the free mobility of
the quencher in the.guide of the bottonm mount (Figure 2.1.-2)
lad of the valve support (Figure 2.1.-2), inertia forces
;ricq during the braking of fhn systan ;oving in the guide
clearance. .

.

The load components do aot reach their paximum values at the

same time. It has therefore proved suitable to carefully

1

analyze the superposition in time.

internal pressure o

Likq the blowdown pipe, the qucnche: is’ cubjcctod to an
intc:nal pressure load during vent clearing and condensation.
?he pressure loss produced by the deflection ‘and division

of the flow at the 4 quencher ‘arms can be neglected in first

'13-22°
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!

spproximation. Accordingly, the same pressures that were i
illustrated in Section 3.1 for the blewdown pipe also apply {
to the gquencher.

H

Tenparature load :

Like the blowdown pipe, the quencher is heated after the
system is put into operation and is cocoled down again after
the shutdown. In the blowdown pipe, the inner wall of the
pipe begins to heat up as soon as steanm fléws in and thé pres-
sure rises. After the shutdown, the pipe éo&ls down again
slowly. -

In contrast, the heating of .the qucnch§r can begin only after

it is cleared of water. The same holds for the portion of

ic blowdown pipe sealed b& watar. Since tﬁc quencher wall is stil’
wetted by cold water for a !hort tine aven after the water

slug is expelled, the hcntiéq of the quencher is delayed.
‘Larqo‘transvcrsc forces on ghe quenchar arms occur only for a

time of at most AN as (ne’,friqurn Al to Ad) after the vent
glcarinq. The delay of th? heating is therefore of qrc%tf
significance for the superposition of the temperature load

which is increasing with tiﬁe, I f ’

L]

}

After the valve is closed, gatcr enter's into the quencher and
‘the lower portion of the pipe.. Thus, the q?olinq is efflected
much faster there than in the bl&vdoun pipe. ‘.

4 i .
t

4
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Vertical force

Due to the deflection of the vertically downward«directed flow
in the blowdown pipe to the horizonéally directed flow in the
quencher arm, a vertical force is produged on the quencher.‘
This force,which is small during steady-state operation,

aanumeS'largér values éuxinqmthe vent clearing.

<

[y

"

Water_ impulse 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

ulto acts during the water axpulsion phase. Figure 4.1 shows

the total downward-acting force.

‘

Fdwmmzcx"' 1"'%“2““’ o
Thc npva:d-diroctcd totce is

upwardz =Prr + a,) C \
The resultant force is therefore

The resultant prossure force is large at first and then de-

* ecreases to zero. The water impulse increases from zero to the

maximum value und then vanishes aga;n. The forces are in ;“
nquilibrium over the*time average. whiic'the Jater isfnccel-
orated and cxpelled, there is an upward-acting force at first’
(uhen the resultant pressure force predominatcs) and then a,

downqa;d-agting force '(when the water impulse predominates).

» * A3
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"The vertical force on the blo&dowﬂ pipe was measured during

the hot test (measuring point DS 1/2 1n_rigqre 2.3=4).

+

"

Besides the vertical force, the stress measurement also
included the internal pressure and the temperature load.
rhcle components must be congidered computationally and sub-
txactcd in the cvaluation of the test, as is illustrated
for the example of test 20 in Pigures 4.2 to ¢.4.

Pigure 4.2 shows the measurgq internal pressure (curve a),

" the associated computationally-dctermined streés on the pipe

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

,incroasing ‘from the measured initial value in acco:dance

with the preaaure (curve c), and finally the resultant stregs
on the pipe's outer}tiber due to the heatitg of the pipe's
inner.wall (curve d). The stress resulting from the heating
vas ciiculatod by the method illustrated in /9/, approximating

the ictual‘tcmperhturc 6§r1at1on by a staircase approximaticn.'

The heasufcd stress on the blowdown pipe and the calculated
ctrcss component due to the internal pressure are shown at

the top cf Figure 4.3. Plotted below’ that in the middle of the
riqure are thc pressure-corrected stress and the calculated
stress component due to the heating. Pinally, the pressure—;

and tempe:ature-corrected stress is 111ustrated at the bottom

‘0f the Figure. This stress y{elds the vertical torce',hown

in rigure 4.4. The force vs. time variation\calculated with

the HOGEM program agrees quite well with the measured variation
13-25 .
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value of ‘approximately ‘ "

¥

. [ = , ' ]
(as the Figure makes avident). In the comparison it should

be taken into consideration that the system continues to

~ vibrate tolioﬁing the vent clearing. 1In contxasti the pro-

gram calculates only the load‘applicationa"Thelcoméutational

curve therefore jumps back to zero following the vent clearing,

The depcndence‘of the maximum Qafue of the vertical force on
ghe vent clearing pressure, calculated with the BOGEM program,
is compared to the‘mdasuged values in Pigﬁ:e 4.5. 1In addition
to the abdve:hentioned measuraéeqts on the blowdown pipe,
Qeafuramentﬂvalues that were obtained at the valve support

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

.twa;n-naasu:emeqt and,cdmputation. The computational model

édn thgrefo:e be used to convert to éarameiers other than those

#

lpplgg;ble to the test.

Steam impulse during_condensation

During steady~-state operation, a downward-directed vertical
{orcc coffosponding to the impulse of the inflowing steam is.

produced on the nozzle:

[l

Temw : S C ,
Using thé geometric data of the system and the relation between
internal pressure and flow rate indicated in Figure 3.9, a

IR

w = 250 m/s . ‘ e . . - .

is determined for the steam velogity in the blowdown pipe at

L.

£ . .13-26 -
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the inlet into the quencher. This value is practically con-

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

upper range of flow rate beginning at approximately AN t/h.

An upward-directed impulse of equal magnitude is produced

at the valve. Por the sake of completeness, it should be
mentioned briefly that the difference of the measurement
values in Figure 4.5 for the vcrtical force found from the i
msasurement on the blowdown pipe lnd from the measurement on
the valve support is caused by the horizontally and vertically
directed flow forces on the valve which are detectable only
at the valve support. As the measurement shows, these loads

are of minor importance.

External loads on the quencher and inertia forces

External loads on the guencher cause a lateral or rotational
motion corresponding to the maximum clearance in the guide.
After overcoming gh; ;loarancc, 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
‘fke hot test shall be analyzed here using the formulas de-
fived there. 1In doing so, it is necessary to di;tinguish
between the loads on the entire quencher, which are relevant,
io: example, in determining the dimensions of the blowdown
pipe and bottom mount, and the loads on an individual arm

of the quencher, which a:e to, be considered when determining

the dimensions of the quencher itself.

13-27



»




» -
g . !I..-

“
_ ‘-
-
-

* e N ; ) A A n
:
:

- _\
Y
-

4.4.1

Loads caused‘by'lnterallmdtion aftef vent clearing

.

Analynis of .the entire quencher

An analysis of the inertia force due. to gap according to

Bg. (A 5) h performed in Table 4.1 a. The calculation is

"based on the conservative usuxnption that the kinetic energy

absorbed during the lcccleration in the qap causes vibration
at only one (nnfavorably selected). froquency. The eigen~

'va).ue used 1n the calculation for the vibration of the entire

oy:tem was determined by a t.tmulati.on of the system with the

p:ogram as illustrated in /13/. The fourth natural mode,

vhich is televant here, has a frequency of “az (mee Figu:e
B 4) .

With thc specified hyd:aulic bhorizontal force of nkx pn the 3
ontt:c qucnchcz, ‘we calcuhtc

o qap qucncher “‘m‘

[}
According to the calculation‘in Table 4.1 b the equivalent
static load according to Eg. (A 12) leads to

, Beotal quencher ™ AN kN.

rh'c horizont_al force on the cntixe quenAcher vas not naasured
dt;rinq the hot test. nowovar, with the following inspection
of. the horizontal force on the quencher arms, the hydraulxc
£orcc on thevgntircdquoncher -is also impectcd implicitly,
since it is included there in g.he"caiculation.

‘3 A ‘ .

4]
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JAnalysis of one quencher arm

To obtain an upper estimate for the maximum inertia force on
the quencher arm due to the gap, the assumption is made (as
}or the entire quencher) that the kinc;tic energy absorbed
by the quencher arm during the acceleration in the gap causes
vibration at oély one (unfavorably selected) freguency.
According to a calculation with the STARDYNE program in Ap-
pendix B, the most important natuﬁal frsquencies of the
quencher arm lie bitw‘eanA‘and“ﬁz. The frequency analy-
ses of the stress signals at the quencher arm, ill}nstrated |
in Figures 4.6 and 4.7, confirm the multiplicity and approxi-
aate magnitude of the calculated frequencies. Yor ghe compu-
tational check in Table 4.2 a, & frequency of 100 Hz is
assumed conservatively. With the specified hydraulic trans-
verss forcs of AN m]on the entire quencher, the inertia force
‘on the quencher arm due to the gap is then found to be

Béap arm " BNMAVXN (according to Appendix A).
The inertia force on the quencher arm due to theAgap, as
‘?otremlmd realistically in Appendix B with the STARDYNE
program, is smaller:

Bgap arm = MMM kN (according to Appcndi;z B).
However, the larger load due to rotational motion of the

g\‘xonc‘har according to Section 4.4.2 is relevant for deter-

mining the dimensions of the ‘q_uon'chc:.

4
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With the specified harizontal force of “Jch") we calculate

"in Table 4.2 b an equivalent static load of

Beota) arm ™ WK,

This computed value is in good agreement with the mesasured
valuss for approximately linear xmotion of the quencher, which
are at mostANNkN.

Beotal measurement & KN (for linear motion).

. Pigure 4.8 shows the measured maximun bending strains at the

quencher arm, plotted versus the associated maximum bottom
pressure, The measured horizontal force proves to be inde-

pendent of the bottém pressure.

’

On the average over the plotted tests, only 70% of the mgxi.mum

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

mnlgli- .

A-plot of the transverse fo,rce 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-
ment vith the stress calculated from the intomall pressure,

_vhich can be seen without difficulty du; to the_a;;xall scatter

of thg measurement values. !

¥} Fron the specified transverse force of AN kN on the guencher
arm and with the inclination angle of N “Y®lative to the
horizontal as indicated in the specification, we obtain a
horizontal force of\WMKNand a vertical force of [NAKN.

-
»
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4.4.2

loads caused by rotational motion after vent clearing

It éhe gap in the bottom mount is crossed not with a linear
potion but rather with a rotational motion of the quencher,
then the horizontal force on the quencher arm measured during
the hot test is

‘B

<
total measurement - BN KN (for rotation).

FPor the specified hydraulic moment of AN m-kN, a considerably
higher arm load is:.calculated with the formulas in Appendix

A. Thié, of course, is not surprising, since the specification

b value d§scusagd here is based not on a measurement of the

we

moment on the model, but rather on a very conservative upper
osg}mate of the moment baséd on trangsverse force measurements
on the model. Instead, half of the pz&vious specification
value describes the measurement in the hot test quite well,
as is ghown in the following. °

With a suddenly acting hydraulic moment of WRm-kN Eq. (A 11)
yields the moment due to the gap caused by the inertia effect:
- wmu

“qap nozzle

In practice, the moment of inertia of the relief system about
_the vartical axis is composed -of the ;oments of inertia of

-4 quencher arms, so that the moment due to the gap caused by
‘the ingrtia effect is distributed upiformly over all 4 guen;he;
‘arms. Thesmoment per quenqher arm due tp-the g;p caused by‘ ‘

'l ¢

the inertia effect is then:

13-31
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anp arm = \“m-kN‘.

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

therefore

ngap axm ® QXN kN,

With the specified horizontal force ofkw on one quencher
arm, we then obtain the equivalent static load acdording to
EqQ. (A 12): ' "

Beotal arm = NARN k.

o

This computed value is in good agreement with the above-

mentioned maximum moasured value of FQNW kN.

FPootnote concerning Section 4.4.2

In the fatiguc analysis of the componont, it would be too
conservative to base the analysis on the maximum calculated

‘load or the maximum meagured value.

It is justifiablo to choose the initial value for the fatigue
analysis in puch a way that the bulk of the measured loads

is covered. That is possible by using the measurement points

obtained.

Por the fatigue analysis, we specify BXX) times the maximum
calculated value according to Appendix A at NN kn.

The game procedure is used for load cages 1.2 by and ba.

13-32
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4.4.3

Vertical loads on the quencher arm during vent clearing

The vertical force during vent clearing (water impulse) de-
ocribed in Section 4.3 builds up until the instant of the
vant clearing. Therefore, the blowdown pipe experiences a
longitudinal oxtension. 1In addition, there is a bending at
the valve gupport. Approximately at the instant of vent
clearing, the load juﬁps 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 of DNXAN kN due to inertia was
calculated in Appendix B with the STARDYNE program for an
applied vertical load of (XXVKN on the blowdown pipe. Ac-
cording to the illustrations in Appendix B, there is a linear
dopandence batwoon the inertia force and the load applied to
the blowdown pipe. '

To this inertia load on the quencher arm is added the vertical
force applicd to the arm hydraulicaliy which (as also in the
horizontal diraction) :was specified as acting suddenly. Ac-
éording to the gspecified angle of X\\\between the resultant
hydraulic force and the horizontal, the hydraulic vertical
force is about BN@Nof the hydraulic horizontal force.

The vertical force on the quencher arm was not measured. O0f

course, the stresses in the weld seam were recorded. Figures

13-33
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4.11 and 4.12 ghow oxamples. Because of the large stress

gradient, no sufficiently accurate correlation can be indi-

x

cated between the force and the gtress. However, a compari-
son of the specificatioﬁ and the measurement is possible by
comparing the calculated maximum stress from the statics

with the maximumﬁgeasu:ed value.

4.4.4 Loads on_the quencher arm during condensation and shutdown

The loads on the quencher arm during steady-state condensation
. and during shutdown are very small. From the measurements
we obtain an equivalent static load of

Feotal <YaNkNy

Only during so-called intermittent condensation are the loads

somewhat larger. However, there also they are clearly below

the apecifibd values.

Pigure 4.12 provides a comﬁilation of the measurement traces.
it ghould 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, Qere recorded at different
tim; scales. However, & time correlation is possible from

the plotted time points.

A comparison of Figures 4.12 and A 1 ghows that the torque
during intermittent condeﬁsagion (Figure 4.12) is so gmall p

that is generates only a very small rotational motion of the

13-34







quencher, in contrast to the vent clearing (Figure A 1), where
the available cloarance is fully utilized. .Therefore, for
"intermittent 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-
imately BN\ in Test No. 85 are considered in Figure 4.13.

The maximum horizontal force acting on the quencher arm is

Beotal arm max 'kﬁ kN

and the measured mean value is

Bt‘.:)t:tl]. mean arm = KR kN.

w

According to the preceding discussion, vertical loads should

algo be considersd for the vent clearing.

.

The moasurcd values demonstrate that, i:aking into considera-
tion the inertia loadé to be added, the hydraulic loads were

vary congervative in the Specification.

If we lower the specific load tc WA Mp, then we calculate
a load ) ’

‘ Etotal arm R kN .
This value is still so far above the maximum measured value
that it can be considered as the maximum conceivable value

when 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
times the maximum calculated value according to Appendix A

at N kN.’ '
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5.

5.1

Compilation of loads

The hydraulic forces and moments produced on the quencher
and blowdown pipe:act nta%ically‘or dynamically on the quencher
and blowdown pipe, and also on the pupport points of the

relief gystem: bottom mount and anchor point.

The forces exerted on the struts of the cladding tube are

digcugsed in Section 6.

In the following we indicate the forces acting on the individual

components.

Load cases for the quencher

The loads acting on the quencher are described in Section 4
and discungsed analytically in Appendices A and B.

Those loads are compilod and divided into load cases in Table
5-10

ﬂ subdivision was made into the following 4 operating modes:

- gtart-up of the gystem from ideal initial conditions (clean

.condition) with additional loading due to an adjacent quencher.
: .

Frequency of n a[\X\! cases.

L3
- Start-up of the system £rém ideal initial conditions, but
vithout additional loading Que to the adjacent quencher.
Frequency of n = N \cases. ‘
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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 -BE@;
It is conservatively assumed here that ideal initial condi-
tions prevail during the qpergtional_test of the relief systenm,
during turbine tripout and during the f£irst response of the
nystemvin the “"Failure of main hegt sink” accident. In addi-
tion, additionai cases of this type up to the above-mentioned
total number of n =X\ are allowed. This covers the con-

ceivable accident behavior "Snifter valve remains open".

A load from an adjacent quencher is superimposed in J@NMof

these vant cloaring cases.

Real initial conditions prevail during the remaining n = bANG
rasponse cases, which arise primarily from the "Hold at pres-

sure and temperature” accident.

13-38



.

¥
~ Start~-up of the system from operational initial coﬁditions
(real condition).

Proquency of n = XX\ cases.

- Intermittent condensation.

This operating case occurs at low reactor pressures, e.q.,

amergency gshutdown.

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

The system should be able to withstand the loads associated

. 7
vith that; n u%

The operating cases dascribed above were decomposed into
individual phagses, since the loads vary continuously during
operation (ospecially during start-up) and only in that way
ic o roalistic superposition of the loads possible.

A roﬁqh division yields the following 'three phases:

- gtart-up Table 5-1 / 1.1 - 1.3

- ptaady=-gtate Table 5~1 / 1.4 %
condensation

; ghutdown Table 5-1 / 2.- ‘

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

the prassure forces and moments and also the taemperature load
vary rapidly.
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5.2 Load cases for the blowdown pipe

The loads on the blowdown pipe result from the static calcula-
‘tion of the relief system with the values indicated in Table
5-1 and the superimposed load from éhe adjacent system, insofar
ag it acts on the blowdown pipe itself.

The occurring operating cases, operating phases ané guper=-

positions are to be formulated in the game way as"£o£ the

quencher.
3
5.3 *  Loads on the bottom mount
5.3.1 General

Becauge of the dosign of the bottom mount, it is only capable

ofinbnorbing horizontal forces and torsional moments about the

vertical axis.
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5.3.2

5.3.3

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 blowdown ‘pipe into the restraining structure.

The maximum conceivable magnitude of the horizontal force

based on dynamic processes is determined in 4.4.1.

This load, and the hydraulic loads which act nearly statically
on the bottom mount are to be superinposed. The load acting on
the bottom mount was calculated in /5/ based on the horizontal

force acting hydraulically.

W

A direct 1nspcction by measurements on the component itself is

not possible because of the relatively complicatéd geéometry.

.

Torsional momant about the vartical axis

a

Due to the horizontal force acting on the guencher arms, a |
torsional moment is qcneg;téd about the relief gystem's vertical
axio if we assume a nonuniformity of that horizontal‘forée. :
The torsional moment is introduced into the coqponent in ac-
cordance with the ratio of the torsional stiffnesses of the

bottom mount and blowdown piée.

. The maximum conceivable magni;ude of the toruioﬁal moment based

on dynamic processes ic determined in 4.4.2.

#

The torsional moment introduced into the bottoxm mount iz cal-

culataed in /5/ on the basis of the specified moment‘ccting hy-

draulically. Laea






5.3.4

5.4

5.4.2

It is casier to measure the torsional moment on the component

than to peasure 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 congervatively by a factor of va

Superposition of horizontal force and torsional moment

It is not necessary to consider a nuperposiiion 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 puperposition of the static components is analyzed in /5,6/.

Loads on the anchor point ’

General

e

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

ture) :

~ connection forces and moments from the relief line due to

“

.impeded thermal oxpansion.
« vertical loads due to the weight of the components.

-~ time varying vertical load from the blowdown pige dge to

expulsion of the water column. -
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5.4.2

5.4.3

5.4.4

- time varying vertical and horizontal loads due to flow de-
flection in the pafety/relief valve.

- time varying horizontal forces from the perforated-pipe

quencher transmitted through the blowdown pipe and resultant
banding moments.

- time varying torsional moments from the perforated-pipe
quencher transmitted through the blowdown pipe.

Connection forces and moments from the relief line due to
impeded thermal expansion

The oxerted forces and moments, Figure 2.1.3, are determined

by the elasticity calculation fONGNARARAWN.

For the gsuperposition of the loads, we gelected the line which

rosults in the largest connection forces and moments.

Vertical loads due to the weight of the components

The loads due to woight are taken into consideration in the
calculations. “

» 1

Time varying vartical load from the blowdown pipe due o
axpulsion of the water column

Due to defloction of the water column oxpelled from the blow-
down pipe into the quencher arms during vent clearing, & time
varying vertical force is produced (see 4. 3. rrom the point
of origination in the quencher, it is 1ntroduced through the
blowdown pipe into the anghor peint.
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The verticql load is built up relatively quickly and then

docroases suddenly to noarly zero.

The dynamic load factor produced by this process is demonstrated

i H * * i
in /4/ and is allowed for in the design of the restraining
structure /11/.

. [}

The gpecified vertical load was checked by measurement (see 4.3).
It turns out that the gpecified load °fii§i“P indicated in /4/

was extremely conservative.

A otill more conservative extrapolation of the load from the

measurament to the maximum conceivable value yields a value of

T RSMp.

5.4.5 Due to the deflection of the steam flow in the safety/relief

valve, a force acts on the valve as a rosult of the deflection

impulge.

This force is decomposed into a vertical component /va/ and

a horizontal component [Fqy/- ‘

{

The specifiod 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 adjusting DS 24/25 before the test, the forces due to

impeded thermal expansion are balanced out.
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5.4.6

I

. ¥
= By comparison of the measurements with DS 1/2, the 1oa? from
the blowdown pipe at any time.can be.subtracted from t?e

values of DS 24/25. *

. ‘
= What romains is a value corresponding to a load which must

be introduced from the valve.

Using the relations illustrated in'Figure 5.2-1, we can calcu-
late from the force B measured at measurement DS 24/25 the

——
force due to the deflection impulse F, = /?xv +F2

zy
The result lies below the specified value.
Time varying horizontal forces from the ggrforated-gige quencher,
transmitte through e owdown pipe and resulting bending »

Doments

r

The horizontal force acting on the perforated-pipe quencher is
introduced as a transverse force and regsultant bending moment
into th; anchor point through the blowdownkpi§$.

It schould be noted here that the static system of the relief
oystem is changed from a cantilever into & system which is
%

clamped at one ond and supported at the other ond. E

A direct measurement of the introduced trannversé force and

moment is not possible.

As in Bection 4.4.1, however, it in possibloc to analyze the
maximum horizontal force acting on the guencher. That has to

be compared with the initial values from /11,14/:

» ?
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5.4.7

i
Time varying torsional moments from the perforated-pipe |
Quencher, transmitted through the blowdovm pipe ?

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

quencher produce not only a transverse force on the anchor

point, but alsc a torsional moment.

This torsional moment is introduced into the components in

ac;o:dance with the ratio of the torsional gtiffnesses 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 major portion of the
torsional moment. The maximum conceivable moment based on

dynamic processes is determined in Section 4.4.2.

$he analysis in 4.4.2 and the moasurcment of the moment in the
bottom mount (DS 7/8) show that the torsional moment was indi-
cated too conservatively by a factor of O\
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6.1

6.2

i

Loads on the gstruts due to contact between blowdown pipe gnd
protective tube ]

General

During the hot test of the KKB relief gystem, a load not ex-
paected for this test peries was measured in one strut of the
suppression chamber bracing which joins directly to the
cladding tube of the relief systemn.

Since norappreciable unknown forces could be acting on the cladding
tube, this load must have bpeen transmitted to the cladding tube

from the system itself by gome unexpected mechanism.

Upon oxamination, however, a contact was discovered between the

blowdown pipe and cladding tube (6.1-1).

Por goonatric roasons it can be agsumod 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 systom was analysed in 713/
in order to determine the maximum conceivable forces on the
bracing, vhich then would have to be handled spafely.

Excitation forces

Y 1

As demonstrated by the studies in /13/, only the transverse
force Hn thought of as acting at the conter point of the
quencher is of significance as an quitation 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 (2X)Hz and an oscillating mass of AXA kg, then we

otill calculate an inertia force of WN (Equatioxla A.5).
W

If for a maximum analysis we add to this inertia force of

A%N the peak value of the acting hydraulic transverse

force of M‘HMp, then we get a mximun conceivable dynamically
acting resultant force of N.

In this analysis it is assumed that the total available energy

goes into the first natural mode of the system.

Stipulation of the maximum strut load

Since the computation model is not‘abaolutely exact with respect
to the coupling between protective tubeé and blowdown pipe and,
moraover, the coupling f£rom one ?ysteﬁ to another is snb'ject

to certein changes, we must make a gafety allowance whon speci-

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

According to /13/, the maximum ptrut load is calculated as’

Wn. In accordance with wvhat was said above, the
un ot 2
paximum gtrut load was indicated as %_7 ﬁu,

This must be pafely absorbed by the component. v

The vertical shock due to expulsion 6f the water column and the
vortical forces acting at the quencper arms provide only a

small contribution in this analysis.
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6.4

To be able to raliably estimate the loads on the struts, how-
ever, we nead only examine the maximum conceivable traJ;ve;se
force, which is to be applied in the system of the reséltant
force as the sum of the specified hydraulic force and the
inertia force préduced in the gap. !

Based 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 ofN acting at the center of the

quencher ball is to be assunmed to act impuisively according
.£0 the Specification.

For an undamped oscillation, the .deflected component oscillates
about its new gtatic rest position vhich corresponds to the
daflcction under the cama load applicd slowly.

Thoe amplitudes then correspond to the rastoration at 0 load
or the deflection with double load.

“
[

4

The phrase “"trangmitted to the relief system” means that the
system oscillates about a deflection position corresponding to

o static load of N wvith an amplitude 6£W N.

Load cycling of the bracing of the protective tube

L) ) )
To determine the oxpoctod load cycling, tosts no. 74-82 vere
used. Only those tests are representative, since in them the

suppression chamber catwalk was 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

/ -_i-_l-‘a / was set equal to the total oscillation amplitude
divided by two:

Only the loads up to +F W were selected, since it can

be assumed that loads of =~ +P 7/4}4 can be endured.

After 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

103 N each were formed, thereby summarizing the measured wvalues.

The load groups and numbers of load cycles are plotted in Figure |
6.5.1 for AN blowdown cases, they are enclosed by an envelope

curve.

The load of WH de:ived 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 {n this way.
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, ' L " - structural condition had been created for the region of the

-

pz‘otective tube bracing. . o ’

»

L Each of the 9 tests was evaluated individually. The nunber of
v ' 7 load cycles and the amplitude wae'detemined. The amplitude v
- | ' . / ./ was set equal to the total oscillation amplitude
‘ a * . divided by two: '

v -

) Lo
« 2 [
. : o e
2 ‘ . W

‘ »" Only the loads up to +F m were selected, since :.t can
o ; . be assumed that loads of -~ +P -‘//N can be endured.

After the mnnbers of load cycles and load deflections per test

- e e,

" s

were determined, the numbers of load cycles per load deflection
were summed over all evaluate_d tests. Then load groups of

3 ‘ o
10

N each were formed, thereby. summarizing the measured values.

The load grodps and numbers of load eycles aée 1:»163:1-.&:1v in Figure |

oy pan

6.5.1 for BXAN blowdown cases, they are enclosed by an envelope

[ ¥

curve.

R ~ The load of Wﬂ derived in Sectzon 6.4 is. set as the

hiqheat load, 2

tow

The fatigue analyees of the ntruts,mixst“‘takefinto consideration

the numbers of load cycles determined in this way.

.
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Tabelle §.1.a

Kramvoert Unien Table 4.1.a

o Sm M NS MR M

’

Tfigheitalast aus seitlicher Diisenbewegung aufgrund des
Spiclcn .1.n.dor Bodenhalterung auf das Gesamtsystenm

Inertia load on the ontire system from lateral motion of the
quencher due to the clearance in the bottom mount.

//—f“.;'- b horizontal inertia force
= mass of the system
78 = hydraulic horizontal force on the quencher
. (equivalent force)
Pwes = effective mass, consisting of quencher mass,
proportionate mass of the pipe and co-moving
4 water
A = gap width
-Q = natural frequency of the system
|
- -. f.‘ ,‘-:' s Y/
//‘7"0 e Jds, \/ - - b 7////‘
" p "A' [t )
mp:i.pe Nvater
3 :
‘.ﬁ.‘ 2y .Q,.-" VLT ,:'0 VA 000 | P jsseins

A Ao | oer A r Ag A0 A9

A A A

Tabelle 4,1, b
Statische Ersatzlast auf die Diise Table 4.1.b

Static equivalent load on quencher:

Pore| = Py = I0 Ha - PHHZ

Pt e
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\
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. ' Tabelle §.1.a

Kromwers Uniss Table 4.1.a

.

Trigheitslast sus seitlicher Diisenbewegung aufgrund des

Spielol 1n’dcr Bodenhaltiruns auf das Gesamtsystem
Inertia load on the ontire gystem from lateral motion of the

- quencher due to the clearance in the bottom mount.

Alecs

oty g

horizontal inertia force
mass of the systen

g ®  hydraulic horizontal force on the quencher
. {(equivalent force)

Pwes = effective mass, consisting of quencher mass,
proportionate mass of the pipe and co-moving
water

d = gap width ’
52 bd natural freauency of the syvstem
" /,_ )
- M AR 1) 's
. ‘ h‘.'A - —" ———

mpi.pe Nvater

. .
,
i eyl | S0 | o (i | P

Ao | oer A? | re | Ao

Aas
AT A A

Tabelle 4.1, b
Statische Ersatzlast auf die Diise Table 4.1.b

Static equivalent load on quencher’

Fore, = Ao = T s - //

Pttt g
—_————————————
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\

=
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Table 4.2.a
Tadbelle 4.2, a

!\
Trigheitslast suf einen Diisenschonkel aus seitlicher Bewegung

der Diise aufgrund des Spisles in der Bodenhalterung
Inertia load on one quencher arm £rom lateral motion of the quencher
due to the clearance in the bottom mount
fsocchen ®  dnertia force
may * mass of quencher arm, including éntrained water macs

"

Sor - ‘oiqenvalue of the qu.encher arm

Fhooser ® hydraulic horizontal force on quencher
(equivalent load)

Powed = affective mass, consisting of quencher mass,
proportionate mass of the blowdown pipe and
co-moving water mass .
- = gap width

\
\

) ' 2 Hasiny So
- - ms Q c————
M'ﬁ;‘y‘l.'- ‘ T e "9‘ {*

’”Nu ’

w

——
Ladid o L e S 1

. S© Q.ry';//mu».-;mp,l Ae | oo
o Lol Lag | | ¥

A

| "Tabelle 4.2 b
Statischo Ersatzlast auf einen Disenschenkel Table 4.2 b
Static equivalent load on one quencher arm

'é"yr;,ﬂ‘l e * A‘P‘;d’lfv R A / AT
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Appendix A

Analytical description of the inertia loads on the quencher

We consider one gquencher arm,as an.cxample; The bending loads
aqting’on the quencher arm are composed of the stresses which
result directly from the action of an external force and its
time variation, and the stresses ugich 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 tﬁerefore manifésted
on the botﬁom mount and the blowdown bipe, shall be analyzed in

detail in the following.

Inertia loads due to a linear motion of the quencher

As long as the quencher in the bottom mount does not rest
aghinst'one of the possible points of contact, a suddenly (i.e.,
impulsively) acting hydraulic horizontal force H,p causes the

acceleration

. (A 1) b= Ehp *). [wirk = effective)
Myirk

The restoring force of the blowdown pipe can be neglected to

good approximation here.

*) Birk is to be understood here as an effective mass which is

. composed of the mass of the quencher, the mass of the water
entrained by the system and the mass of the blowdown pipe tc
be allowed for proportionately. ’
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Por constant acceleration, the quencher has assumed the velocity

3

Lo / ) 2] 'llI H
(a 2) v, = 'Vzh s, cy hD

%o

2m
wirk

after c:bssing the gab sof |

-

The quencher motion is 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. Tﬂe Eime

variation of the velocity then reads:

(A3) v=v, cos. 0t !
in whféh N is the eigenvalue of the mass-gpring sy;tem. The
acceieration variaﬁkon corresponds to the first derivative of
this £unction with respect to time. The maximum acceleration

is found to be

' HhD L
(A 4) Poax * & Yo * vz'ﬁ:;k % "9?

The acceleration in Equation (A 4) acts on the moving mass of
the system m ... The cigenvaluéaot the induced oscillation of
the entire oystem is to be inserted for Q. ‘The_xesulting

inertia force due to the gap, finds its reaction

Bgap quencher,
at the support points of the relief system.

However, an acceleration according to’ Equation (A 4) also acts
on submasses of the system, e.g., the mass of one quencher arm

1nc1udihg the mass of the water entrained by it. With ;he

13-93



i

For constant acceleration, the quencher has assumed the velocity

L] Al

L]

' ’ { !:'ﬁ“hD .
a2y Yo °® Y LU 'y 2, T 8
wirk ;

after crossing the gab sof '

The quencher motion is 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 alsoc act. The time

variation of the velocity then reads:

¢

(A 3) v=v, cos it o
in which 0 is the ecigenvalue of the mass-spring system. The
acceieration variation corresponds to the first derivative of
this function with respsct to time. The maximum acceleration
is found to be

= : .

-
Mo
b BQ-\’ a ¢ 2- - s .
(A& Pmax =E, \/m o % %

The acceleration in Equation (A 4) acts on the moving mass of
the systom Bogse The cigonvalue»ot Ehe induced oscillation of
the ontire system is to be inserted for {. vrhe_resultiné

inertia force due to the gap, Ho. cuencher,

at the support points of the relief systen.

However, an acceleration according to’ Equation (A 4) als$ acts

finds its reaction
on nubmasges of the system, e.q.,'the mass of one quencher arw

including the masa of the water entrained by it. With the

»
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A3

By integrating this differential equation once and ingerting the
boundary conditions, we obtain the angular velocity after over-

coming the twist angle ¢° due to the clearance:

(A 8)’
wn { wirkY *ﬁ_

virk‘
In analogy to Eq. (A 3) the time variation of the rotational

velocity is

(A 9) U.)- (J . cosﬁf
The maximum rotational acceleration is then h

(A 10) Engx _Q%

A

|
I3

Pinally, in analogy to Eq. (A 5) we obtain an upper estimate for

the resultant moment due to the gap caused by the inertia effect:
-&“

R \/m%’ - 8

Like Eq. (A 11), Equation (A S) can be applied to the entire
system and also to parts of the system by inserting for the

moment of inertia 6 and the eigenvalue 8 the values associated

3

with the component under consideration,

‘superposition of the inertia load with the hvdraulic load

A hydraulic load acts simultaneously with the inertia load due
to the gap contidered above. Since the time va:iation of this
bydraulic load diffc:s from case “to clse, it is appropriate to

indicate an " ggivalent hxdraulxc load" vith an equivalent
« v

time variation in such a manner,that a conscryative value

PR 4
results for the equivalent static load (including the inertia

T, 13-95 :
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A3

By 1ntegrating this differential equation once and ingerting the
bounda:y conditions, ve obtain the angular velocity after over-

coming the twist angle ¢ due to the clearance:

(A 8) W, { m-u‘f __j"_

é\drk
In analogy to Eq. (A 3) the time var;ation of the rotational

velocity is

(a 9) UJS- “)-o . cosaf
The maximum rotational acceleration is then

(A 10) € max .Q%

e

Y

Finally, in analogy to Eq. (A 5) we obtain an upper estimate for
the rcsultant‘moment due to thq;gap caused by the inertia effect:

.L‘l
(A 11) M. . :S_l@L. '
s 1 @" R J Gj wirk gP° wivk

Like Eq. (A 11), Equation (A 5) can be applied to the entire
system and oloo to parts of the system by inserting for the

moment of inertia 6 and the eigenvalue R the values asgociated

w

with the component under consideration.

Superposition of the inertia load with the hydraulic load

A hydraulic load acts simultaneously with the inertia load due
to the gap considered above. ~8ince the time variation of this
hydraulic load differs from case to case, it is cpptopriate to

indicate an "equivalent hydraulxo load” vith an gggivalent

time variation in such a manner that a conservative value

results for the oquivalont ltatic load ;including the 1nertia
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load due to the gap described above). The eguivalent hysxaulic

load can only be determined by tests.

For the relief system it was first specified on the basis of
rodel tests in the Mannheim Central Power Station (GKM¥) and
examined on the actual geometry during the non-nuclear hot test

with the relief pystem in the Brunsbiittel nuclear power plant.

The equivalent hydraulic load is asgsumed to "act impulsively".

Neglecting a clearance, we then obtain a dynamic load factor of
2. 1In the most unfavorable case, the peak stresses resulting
from this process are added to the peak stresses resulting f£ror
the inertia effect described above due to the gap. The téllouinq
conditional oquation is then applicable to determine the eguiva-

lent hydraulic load Byt

(A 12) Beoeay 3 ° ngap gt 2By t
in which Heotal i gsignifies the equivalhnt static load for the
component under consideration. Correspondingly, for a moment

analysis we have:

(A 23) Meoea) arm ™ Ygap arm * 2 ¥ am

-4f a single quencher arm is considered, and

(A 14) Mioea1 quencher ™ Mgap quencher * 2 By quencher - Cg @

[

if the ontire quencher is considered,
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Quencher motion and quencher load in the experiment

The motions of the quencher during operation and the mechanical
loading, especially at the points of connection of the arms

to the quencher ball, were measured in the non-nuclear hot test
with the relief gystem in'the Brunsbiittel 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 ghould
be noted that the time axis goes from right to left.

After the valve is opened and the gsystem is cleared, pressure
oscillations occur (gsee measurement trace DA 1l3). Loads on the
quencher and the bottom mount are recorded gimultaneously by

the strain gauges (DS).

As poon as the oparation of the gystom goes over to stoady-state
condensation after about NN\ the values decay to a gmall
residue. The maximum ptress peaks at the Qquencher arm are in

the range SAXAN] coconds 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 Pigure, the transducér 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'mpment

48 indicated. However, transverse forces are also introduéed

into the bottom mount in addition to the moment ahout the
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A 4 Quencher motion and quencher load in the experiment

The motions of the quencher during operation and the mechanical
loading, especially at the points of connection of the arms

to the quencher ball, were measured in the non-nuclear hot test
with the relief system in the Brunsbiittel nuclear power plant.
Pigure A 1 is a compilation of the measurement traces for vent
clearing test 21. The cxﬁct position of the indicated measur-
ing points can be found in Figures 2.1l.-1 to 2.3.=6. It ghould
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 gimultaneously by

the strain gauges (DS).

As coon as the operation of the systom goas over to stcoady-state
condensation after about INONON the values decay to a small
residue. The maximum ptrass peaks at the quencher arm are in

the range \\X\X] soconds after the vent clearing.

In the upper third of Pigure A 1l the measurement trace WD 3 ghows
the rotational motion of the quencher recorded at one end of an
arm. In the middle of the Figure, the transducér 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 introduéed

into the bottom mount in addition to the moment ahout the
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vertical axis. This can be recognized ocasily from the fact that
the measurement point DS 22/23 (strains at the lower part of
the bottom mount) also 1ndi§ates deflections when no moment is

racorded by the transducer DS 7/8.

The measurenent points DS 40/41 and DS'42/43 diaplay 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 guencher 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), the motion sequence of
the quencher differs from that described in the test above. The
rotational motion of the quencher oxhibits substantially cmaller
maximum deflections which can_be ocasily seen from a comparison
of the measurement traces WD 3 in Pigures A 1l and A 2. 1In test
25, practically no torque is introduced into the bottom mound
(meagsuraement trace DS 7/8),.vwhich indicates that the quencher
does not reach the ptop during its rotation. Nevertheless,
loads are introducedlinto the mount (DS 22/23); the quencher=
;herefore reaches the stop during linear motion. The linea;
;otion of the quenche} is also manifested in the high-frequency
oscillations of low amplitude at the digplacement 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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Pigure A 3 (tast 74) provides an axample in which one quencher

arm (maasurcoment trace DS 40/41) has nearly no b?nding, although
tpe other (measuroment trace DS 42/43) is loaded as in the
oxamples described previously. Thus, aepending on how ‘the
quencher otrikes againgt the bottom mount,‘thg in?ividual quencher
arms can be loaded approximately eéualiy or distinctly differently.
Therefore, linear inertia forces due to the gap c?n also arige

from a rotational motion of the quencher.

In test 79 (Figure A 4) two closely adjacent quenchers were
actuated simultaneously, whereas the tests described previously
vere perfofmed with only one valve. No significanct difference
in the maximum load on the quencher arm (DS 40/41 and.DS 42/43)
can be geen from a comparison of the 2-valve test (Figure A 4)

and the l-valve tosts (Pigures A 1 to A 3).

No 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
pake this digtinction computationally on the basis of an oquiv-
alent hydraulic load and an oqui%alont time variation. This
makes it possible to opecify the loads oven for different design
data. To support this statement it ;ay,be mentioned that the
hydraulic transverse force determined from the model tests in
the GKRM to;t stand was confirmed in the KKB hot test (see
Section 4.4.2), although the quenchers wer; gupported differently
in the two tosts.
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APPENDIX B ‘ ‘

In this Appendix we shall make a fully dynamic calculation to
generalize the analysis of Appendix A (which applies for a
l-nass oscillator) by means of a three-~dimensional calculation
model of the relief system and a finite-element program called
STARDYNET

The model is illustrated in Figure B.l together with the num-
bering of the elements and nodal points. It ipclud}s 39 nodal
points, 38 elements and encompasses:

-~ the blowdown pipe

- the perforated-pipe quencher and its bottom mount

The model corresponds to the one described in /13/. For better
agsessment of the procosses occurring in the region of the
quencher arms, the cubdivision of the arms into olcments was
refined and the cladding tube together with the struts to the
inner cylinder vwas decoupled, since those parts of the relief
psystem unnocessarily increase 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 them.

All additional information concerning the computation model
can be found in /13/.

Eigenvalues and natural modes of relief gysten

The natural frequencies and natural modes of the KXB relief

system (with respect to the entire system, including the

13-104
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cladding tube and struts to ;he inner cylinder)‘ha&e b;en
indicated previously in /13/. 1In addition, the eigenvalues
for the blowdown pipe and perforhtea-pipe quencher were calcu-
lated separately here so as to also be able to include the

much higher natural frequenéies of the éuencher arms.

-

The relevant natural frequencies for the individual cobponents

of the relief gystem are as follows:

- blowdown pipe ANNB!

- cladding tube NSARAB\R\R}

-~ struts to inner Na\w\
cylinder

- perforated pipe quencher B\ W\

Bere we shall once again summarize the determinative fundamental
frequencies. They are listod in TablesB.l and B.2. The asso-
ciated natural modes are illustrated in Pigures B.2A-Bl2.B.

The £irst 20 natural frequencies of the system were considered

in the calculation of the dynamic processes.

Inertia loads from a linear motion of the quencher

With the utilized computer program it is not pog;ible to simulate
impulsive processes exactly. To be able to determine the influ-
.once of inertia forces nevertheless, the following method was

uged:

a) The system was excited impulsively with a unit transverse

force
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Tthis unit force was agssumed 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 poznt po.
791 in the model) has a clearance of at most mmm in the
horizontal direction. After that, it would hit against the

wall of the bottom mount.

With the unit load of NN\ kN assumed here, this gap of N=zx=
would be crossed after a time t = [\KAXAKX]) sec. At that
instant of time, the entire system has a kinetic energy (at

the collision):

fws t Y v - U

(st = Stoss = collision], where m; and v; ., are the mass
and velocity of any individual nodal point, and n is the
number of nodal points having mass.

This total kinetic onergy can be thought of as being reduced

to one mass point of mass P
g e/ B
and average velocity vo
Therefore:
S H . :E:j_ 2
2 79" 2 " Vi st

(X

1 2 '
Za ’n‘.'iu‘
oot °* 1
B S
ot

13~106

-
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We thus obtain for Vo Bt'the value:

KRAFTWERK UNION
v AG PROPRIETARY INFORMATION

Yo oe ® NAXN n/sec (B1)

w

Vo st is thus the averaged velocity during the collision due
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 ufatically with a,unit trans-

verse force

This transverse force also acts hSrizontally 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

nass dengity.

Since the transverse force after the deflection is set equal
to zero 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 pystem acting
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as a apring; The relief pipe and quencher experience a
defloction which is proportionil to the applied force.
After reaching & maximum deflection, the structure springs
back and, under the assumption of a nondamping process, the
kinetic cnergy at the next zero paésage must be equal to

that present at the time of the collision. (*)

All mass points of the computation model have different

ingtantaneous velocities. To qetua maximum value of the

summation . :
1 2: )

.5'{{:2"1"1

'Y B

the motion of the system was traced at intervals of D\X\ms.
That resulted in a maximum of the value S after\Q\ms.

The calculated msan valocity Vo M due to mass ineg;ia was

. KRAFTWERK UNION
oM ° AG PROPRIETARY INFORMATION

Vor ° CIONONORNDR (32)

A otress was calculated for' the measurement point DS 42/43
in the hot test (DS 42/43 corresponds to nodal point no. 772
in the model):

Cp ° OON H/ea®

Using the agsumption designated by () above and because
according to (A 4) the velocity has a linear influence, the
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as a spring. The relief pipe and quencher experience a

deflection which io proportional to the applied force.
After reaching a maximum deflection, the structure springs
back and, under the asgsumption ofpa nondamping process, the
kinetic anergy at the next zero pa;sage 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:
‘ S = 2 n‘ V‘

[ 3

the motion of the system was traced at intervals of D\\\ms.
That resulted in a maximum of the value S after N \ms.

The calculated moan valocity Vo M due to mass inertia was

. KRAFTWERK UNION
VoM * AG PROPRIETARY INFORMATION

. Yox ° DRARINRNTNRY (82)

v Y

A sotress was calculated for the measurerent point DS 42/43
in the hot test (DS 42/43 corresponds to nodal point no. 772
in the model):

Oy ° NN W/e2?

Using the assumption designated by (®) above and because
according to (A 4) the velocity has a linecar influence, the
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mean velocities indicated in (B 1) and (B 2) can be formed
into a ratio with which the loads calculated in b) are to

be multiplied in order to determine the influence of the

The stress for the measurement point DS 42/43 due to mass
inertia and due to a unit transverse force of QNN (I\¥p
is:

v
Gy=0,,. I - OORRRTTNRN #/s?

. This stress corresponds to a static equivalent load of

| TXX\NkE (according to Figure 5.2 from KWU Report Rl1l=-3141).

. inert magses under a unit load. The ratio is:

According to the Design Specification, the maximum axpected
horizontal transverse force is H = ZON\\\ kN. The opocified
force is thercfore N\ times groater than the unit transverse

force considerecd heratofore.

i
i
' On the other hand, the determined stresses are proportional

. to the square root of the applied transverse force. If we
now insert the specification value instead of the unit trans-

l verse force, we get a maximum gtatic equivalent load due to
mass inertia:

' | w2

i

i

i

\
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In this calculation we took into consideration the £izat
20 natural frequencies of the system, whereas in Appendix 2
the ontire tranamitted energy was concentrated at only one '
determinative £raqu?ncy. Thus, the result of Appendi; A,
can be viaewed as a conservativé upper estimate (a freqguency
of N\\WHz was used there) without ending up in any coPtza-

dictions.
{

Inertia loads from the vertical force during vent clelring

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 described in Section 4.3.

This vertical force acts impulsively, qQuickly reaches a
maximum value and then dacreasces to zero (see Fiqure 4.4).
In the non-nuclear hot tasts, the vertical loads on tge
blowdown pipe were measured by the strain gauges DS 1/2 on
the blowdown pipe (soe FPigure 4.3). !

The vertical force during vent clearing causes an expansicn
of the blowdown pipe in the d}rection of the force, whereby
the system is oxcited into 1oﬁgitudina1 oscillation. |The
accelerated off-center masses of the quencher arms produce
inertia forces in the vertical direction, which in turn

produce bending stresses on the quencher arms.

| |
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To examine the effect of those inertia forces, the calcula-
tion model was loaded with a unit lcad of ANMMANANNR
in the vertical direction, this load was applied as a ramp

function very slowly (from \NANARANNKN within @\seconds),
so that it could be considered as « static load.

After \seconds, the force was set equal to zero so that the
system went into free oscillation, as in B.2.b. Since no
external forces act any lenger, the loads that occur are
attributable to the influence of the mass inertia. The stress

maxima occur WNms after the systen oscillates freely.' A

maximum stress

G.'zo/zi » QAN ¥/na? ‘
was 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

AR\ \ \ \IH

Additional results for characteristic positions on the gquencher
arm can be found in Table B.3.
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, , Table B.1l
Determinative natural frequencies of the entire system.
Taken from /13/.

Order Natural Region Damping

no.. - frequency - mod.,
- . “ »
1 ‘\\‘ Quencher (rotation) \\
2 Blowdown pipe (lst natural
L ' mode)
4 Blowdown pipe and cladding \
. tube . . ' \

@™ W

cladding tube \\
Struts to inner cylinder

o v

mode)

. . Struts to inner cylinder \§
1 Blowdown pipe (2nd natural \ |
' \\\ rdc pipe (2nd natura \

Table B.2

Determinative natural frequencies for blowdown pipe and
perforated-pipe quencher - :

Order Natural G Region Damping

»ode) and quencher arm

no. frequency ’ "~ mod.
\ ' : ‘ : \
1 \ Quencher (rotation). \\
2 : - Blowdown pipe (lst natural,
X ( mode) B
; 3 Blowdown pipe (2nd natural. \
' . . mode) "
6 . \ Total systen (lst vertical
i ' ~ oscillation)
9 . \ Quencher arm \
10 \ Quencher arm \\
11 ~ Quencher .arm (vertical)
. 12 Quencher arm thorizontal)
14 ' Blowdown pipe (3rd natural"
_ mode) and quencher arm '
15 \ Total system (2nd vertical
C ' . oscillation) .
TS ¥ A k Blowdown pipe (4th natural k .

oL 13-112
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Table B.3

Stresses in.the quencher arms

(Vertical load = NA Hp)

array

. Nodal Corresponds to: Stress Corresponds to a
point Measgurenent N/mm2 force on queacher
no. Point . arm (according to

Hot test / calibration diagras,
Characteristic Figure 5.2 in
peint . Report 3141)
kN
771 \ _
772 DS 42/43 (Pos.) N\ \ Y
773
774 Middle of hole
array
776
777
779 . Middle of hole
array
781 .
782 .DS 40/4) (Pos.)
784 - oo
786 DS 11/12
787 DS 20/21 (Pos.) |\
789 Middle of hole
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/9/ MRB
Temperature field calculation of the pipes
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/10/ G&bel
KKB hot test results

Maximum vertical loads on the restraining structure and
blowdown pipe during vent clearing
XWU - R 11, AN 220

/1Y/ Kratz -
Static calculation for restraining structure of the .
safety/relief valves in the upper annulus

/12/ Rupp
KXB

. Specification for the blowdown tests in the non-nuclear
hot test ‘

Rev. 1

/13/ Burro

Annlytic;l studies to clarify the dynamic behavior of the
KXB relief system during the hot test
(B 3256)

/14/ MRB R 1.8204 b
strength proof for blowdown pibe

/15/ Becker, Hoffman, Knapp, Kraemer, Melchior, Meyer, Schnabel
Vent clearing with the .perforated-pipe quencher
WU = E 3 - 2848, January 1974
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.~/21/ Backer.

¥

- /16/ Conveision of the value in the model measurement

SiH 3112, WW 250 x 350
Bopp + neucher; 0-34-90129.4, June 1974

/17/ Test rcpo:t no. 2/75
‘ Bopp + Routhcr, 0-34-90 142.4, March 1975

/18/ Backer, Prenkel, Mclchio:, Slegers °

CQnstruction and design of the :aliet system with perforated-
pipe quencher

KWO - B°3 = 2703, July 1973

iy

/718/ Hhtnor'
zxp;rimantal gtugies of vent clearing in the model test
stand

XWU - R 5L1 - 3129 S '

/20/ Backer, G8b‘1. Rupp
zxpoct;tion values for the blowdown tottt with tho relief
systez in the non-nuclcux hot test in the Brunsbittel
nuclear power plant

KWO = R 11 = 3141, September 1974

Rasults of the non-nuclear hot test with the relief system
in the Brunsbilttel nuclear power plant

KWU - R 113 - 3267, December 1974 -

13-139



R . R . \,J
—— - - - - --
.

| . :
, . .
AN
. B
»
“
- »
- nﬁb
.
-y - =W CaeerA
- x Sa L Nptmeey D Yo ERPRS P« e o
= _ 4Timam Ed = - -
o
f
a
- -
R .
- »
f
2 . -
a
. - - -
N » . » - ¢
.-
. -
Y
. ' -
-« s °

P Y N - ” ;



