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PROPRIETARY INFORMATION

’ This document has been made NON-PROPRIETARY by the
deletion of that information which was classified as
PROPRIETARY by KRAFTWERK UNION AG (RWU).

The PROPRIETARY information deletions are so noted
5 throughout the report where indicated by

a) Use of the term KRAFTWERK UNION AG PROPRIETARY
INFORMATION.

b) ‘Use of blocked out areas by cross hatch bands
~ in the report text and figures/tables, e.g.
i) ...." with a mass £low density ofQNAYKg/m2s...";
ii) L swwmw |
iii) ...." should be kept below //// atm."
iv) . ”Z ,
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' Working Report R 142 ~ 136/76
Topic : Number (department/no ./ year)

XKB ~ Nuclear start-up Offenbach, 30 September 1976
Results of the tests with * Place, date

the pressure realief system

GSbel R 142 3245

Reference (e.g., Project, Author Department Tel.

R&D project)

11 /s/
Class Signature/classifier
Fl;le number
~AmmaAry =

3

The results of the tests with the pressure relief gystém during

the KKB nuclear start-up confirm the result.slof the KKB non-

nuclear hot test of 0ctober 1974, The measured maximum vertical

force qn the blowdown pipe is nbout;“kn. Computational extra-

polations show that, sven under cxttcme anmnptions (:nctor

prcuure“ba:, valve oponing time mms), the cpccifiod value
of \‘ kN is not exceeded.

¥

o

The pressure amplitude at the bottom during vent clearing is at

most YA\, bar (measurement value) and is,‘ thus within the. scatter
range of the hot-test results.

L)
. -
W ’

The :naximum strut load on the struts of the protective t:ube is
“‘kn and is thus also within the scatter range of the hot-test

data and t‘ar bclow the specified load of “ kN,
SISl (sl

COunters:.gnature

#

Author's signature -

x

ve e

D:.stributionﬁ.list {("z.R." = summary for infomation only):

Kraftwerk Union : -
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1. Introduction

L3
»

As part of the nuclear start-up of the Brunshiittel nuclear power
plant, a perférmpnc¢ test of the relief valves was pefformed at
load point 2 (approximately 25% of reactor thermal poder) at a

reaéto:’pressuxe of about 68 bar and <15 bar.

Measurements were also made on the relief system (see!Piguzes 1-3
for measurement points) in order to confirm the results of the

non-nuclear hot test of the relief system with“respec% to bottom
pressures, forces on the struts of the protective Eubé, vertical

forces on the blowdown pipe during vent clearing.

Ey

+ 2. Bottom pressures during vent clearing

L4
.

To measure the bottom pressures, two pressure t:anihuéc:l vere
mounted perpendicularly with respect to the quencher Genter point
at two circumferential positions. nPressuée transduceé DA 4 was
mounted at quencher A (135°; lee_?égure 2) and pressuge trans-

ducer DA 14 at quencher B (105°; lee.rigure 2).

The measured maximum amplitude (see Figure 5) of QNP bar at a
suppression chamber water temperature of about 32°C f@ts very well

into’ the scatter range measured in the non-nqclearﬂh&t test (see

Pigure 4). ' L

A

3. Loads on the struts of the protective tube
SE T ~ T IR N . T

To measure the strut forces, two struts eachjon th&eé protective

.
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. The measured maximum strut forces are:

tubes were instrumented as shown in Figure 3.

R
In the quiescent condition there is contact between the blowdown

pipe and protective tube of quenchers A and B. For quen‘cher E

there is just no contact 'in the quiescent condition, butfthat
does not rule out the possibility thatﬁcontact is made at times
" during the blowdown.

i‘
-Quencher E = \NANANR
_Quencher B = \‘““““‘

Quencer A= “‘

s

w3

They are consistent with the strut forces measured in the non-

nuclear hot test, sc that those measure;ﬁents have been cdnti.med
by the more recent measurements. ‘ oo

#

Accordi,ngiy,l_ the design value of \NRN\ k¥ per st:.rut is verified

to be conservative.

4. Vertical force during vent clearing

4.1 Determination_of t:he _vertical force by measurement
: ’ri\‘ﬂ .

_ When the water colunn is expelled from t:he blowdown pxpe,‘it is

deflected by 90° in the \\ arms of the 9erfo:ated-pipe quencher.
This impulsive deflection causes an extemal f.orce acting* ‘down~-
ward along the axis of the blowdown pipe. This force acts at

the, center. of the quenchexr, is conduct:gd through :the blowdown pipe

cw
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and is absorbed in the restraining structure. This force can

be measured by strain measurements on the blowdown pipe. In the
mn-nuclear hot test, that was’ accomplished by two foil stra:.n
gauges glued onto the blowdown pipe in the long:.tudinel direction.

Difficulties arose in determining the strain component from the

 temperature gradient in the radial direction.

For that reason, for the measurements during the nuclear start-up
two strain gauges were mounted in the circumferential direction
in addition to the two in the longitudinal direction. As d.i:.'s-
cussed in the following, the vertical force can then be qaléulated

immediately trom two measurement values. '

A triaxial - stress state prevails in the pipe wall. Bowever} since
measurements are made at the outer fiber vhere the radial tt:ess
is zero, the t.riaxial stress state is reduced here to a piaxial

stre'ss state. The strain relations then have the following form:

in ci.r’c\nnlferential direction Eo = % (g(-) -V ZZ')

" in longitudinal direction OCE- - :'E‘(sz- 9) Z@) ,

Conversely, the stress-strain relations have the following form:

ye

2 4\,;(&91"053) .z .
. 83._ - (éx + \)60) H ‘

.

\)_ - coeff:.cient of transverse contractirn .

E « modulus of elagticity (N/mm ). oo

: 16-4






The stresses are composed of several components:

Ze= M‘Js;r t ZJ‘

Internal pressure component Temperature component

S = 4PT . 25

2 s 4 ~
Internal pressure Temperature Vertical force
component component component ’

Ap = internal pressure (bar - 10-1)

r = mean radius of blowdown pipe (mm)

8 = thickness of blowdown pipe wall (mm)

. The stress resulting from .the vertical force can now be determined

in two ways.

From 20 ,g« -_B_.': we can easily eliminate the temperature

stress component, since the pipe pressure is measured as a function

of time.

This calculated temperature stress component is inserted into the

following equation:
2 ge - 87'

The stress component from the vertical force is then known.

Alternatively we can also use the relation

8, (8o o) s LT

16-5
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4.2 Measurement values

Figures 7 and 8 show two representative examples of measurement

traces. The following values can be read off from them:

Test Pipe pressure Water level Temperature Vertical
(differential in blowdown in suppres- force
pressure) pipe sion chamber

2/1. Qbar ym RWece W kx

14/4  SONbar Na\TE A\ \e N \ N3

The basis for an extrapolation of the measured vertical forces
to the most unfavorable conditions in the reactor plant is a
computational check of the tests. The HOGEM computer program

was ﬁsod for that.

v

Figure 9 presents a comparison of the measured and computed values.
The numbers above the points indicate the measurement values with
which the computer results are associated. The following input

data were used for checking the test results.

The steam flow rates were entered into the program directly
according to the measured valve lift variation and conversion by

means of the a value (see Figure ld):

The conversion was made by using the following formula:
¥

A X - pg

X

16-6
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If we insert A in mm® DNORN
Pg in bar (reactor pressure)

X = 1.92 .

» then we get the flow rate in kg/h.

-

Condensation at the walls of the blowdown pipe was assumed to
occur 250 ms after valve opening (lowering of water level in
blowdown pipe approximately 1 m). The total amount that can be
.condensed is obtained from: - ‘
. Q . .
x'_/?.("’j'?"z/w) . ﬁ/q
AT A é r

/ . w;, /.V)o ;za 2%/‘)747

’ +  kecal
with —————
)’ = 1 m . h . degrees

2
a = X = :lgi . 10-6 'u;"

[/, 'c
¢
91/ = 35%°¢

%mzlm water level drop . :

r = 2200 kJ/kg

%ﬁ
)

. >
| ]
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This results in a total amount of condensing steam of RANAN kg

per m of water level drop.

The valve lifts approximated by a series of straight lines are

illustrated in Figure 11 for the two tests.

The temﬁe:ature after the relief valve was always 110°C before

the beginning of the test. It can therefore be assumed that

there is already a steam-air mixture above the water surface before
the relief valve is opened. 1Inclusion of this effect in the HOGEM

computer program had no significant effect on the final result.

In the extrapolations it was assumed that there is a pure air
atmosphere in the blowdown pipe above the .water surﬁace'before

openiﬁg the valve.

The input data for the computational check of the test results

are illustrated below:

1500 REAZ(OFISLADATY W (V) 9,21, PX, ID,ALS, AL 4,

151C PE1,PE2,PE3,PE4,P3T,

152C 731,732,743, :
'530 TI'\.TA'.T:'\Z'TA3.TA4'T;\5.I-‘\6'TA7.T:'\3,T.:\|lo !

154 Fody
1355 L.l
1.0 e
157G S LR T, !
]
. i
SanliOAT 1392 %) Is8/25/15

Lt 21
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Figure 12 represents a comparison of the calculation of the pres-
sure build-up in the pipe and of the vertical force with the

measurements made in test 2.1l.

The comparison demonstrates (as previously in Pigufe 9) that the
calculations with the HOGEM program reproduce the measurement

data relatively well.

The following assumptions were made to determine upper values

for the vertical force.

Blowdown from the pregssure transient at a reactor pressure of

B bar. Normal water level in the blowdown pipe and an air tem-

. >

peratu}e of 35°C in the air space of the blowdown pipe. "The

flow rate through the relief valve was inserted as a function

of reactor pressure according to Figure 13.

Condensation at the walls of the blowdown pipe was neglected.
L 4

Two valve lift curves (Figure 14) were used for the opening

behavior of the relief valve.
. " 16-9



The computer results are illustrated in ?igure 9.

According to them, the following vertical forces are obtained
for vent clearing from the pressure transient:
for shortest realistic valve opening time [ AN\ B3

for an unrealistic valve opening time of 100 msPRANKN

. For the case of a valve opening time of 100 ms, a vent cléa:ing
pressure of Apf N0y bar is calculated. This value differs
from the vent clearing pressure in the Specification /l/ by
. X2\bar. The reasons are as follows:

a) RAXbar vent clearing pressure'was calculated with a resistance
co‘?ffic;ent 4 = o ;
EES!ba£ vent clearing pressure was caléulntcd with ¢ = {OR

b) ;h the HOGEM progran, the stoam is troated’ like an ideal gas.

A computation of the intprnal energy according to the relation

"i .' 4:.+-p.v

i showed that in the calculations for the Speci:ication the
internal energy was set too low by about 200 kJ/kg.

References :

/1/ Design load for the restraining structuré of the relief

system .

Spec., No.: KKB 4xH/Sb 010, Revision 1, December 1973

|
v
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- KKB nuclear start-up N
Relief valve tests
Arrangement of blowdown quenchers in the suppression chamber
with associated relief valve numbers

Temp. Lanze =
temperature lance

Concrete
column

KKB - nukleare SUmuz.mmU:oij,,

Entlastungsventiltests

>2.:a:c:m der Abblasediisen in der Konden - Figure 1
Salionskammer mit zugehérigen Entiastungs - Bild 1
ventilnummermn e -
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