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SUMMARY

Pilot operated relief valves (PORY) and spring-loaded safety valves (SV) are protect-
ed against leakage by a water seal,

When a valve pops open, this water seal is pushed into the discharge piping and pro-
duces substantial transient Toads on piping supports (sinubbers,guides...) tasting some
hundred milliseconds.

Until 1982, no qualified code was available to modelize flashing and discharge and
FRAMATOME has experienced failures on discharge line supports during hot functional tests.
In 1979, an in-plant discharge test was scheduled 9n order to improve piping support beha-
viour and condensation efficiency in the pressure relief tank (PRT}, and also to qualify
thermohydraulic computer codes.

Twelve steam discharge tests were conducted in Movember 1681 with and without water
seal through PORY or SY. During all the tests,the SV was assisted with a oneumatic ram.
PORY and SV were opened separately or sequentially. The piping system had been previously
excited in six different points with an unbalanced shaker in order to determine dynamic
characteristics (natural Trequencies, mode shapes and damping values) helpfull to adjust
a mechanical model. Tri-axial accelerations were measured in ten points for each location
of the shaker. Mechanical tests were run before tha hot functional tests, discharge tests
extended hot functional tests by eleven days.

A total of 132 channels were installed from the pressurizer nozzle, down to the PRT,
and recorded on a fast digital acquisition system (120 channels) and on two analog record-
ers. Instrumentation included valve Tift (4}, static pressure sensgrs in the piping (12)
and in the PRT (4}, fluid thermo-couples in the piping (4) and in the PRT (7), accelero-
meters (26) and displacement sensors (7) on the piping, strain gages (19) on snubber rods
to measure loads, welded strain gages (21) on piping and dray discs (2) to see the water
seal passing. Ultra sonic sensors (8), combined with pipe wall thermo-couples (8) were
used to estimate water seal volume and temperature. In addition, 5 parameters were record-
ed in the control-room. Pressure and fluid temperature were measurad in SV chamber. Strain
gages on class 1 piping and some accelerometers were also Used to monitor shaksr force
level during mechanical tests.

Only one (pressure) sensor tailed during the tests,

No problem appeared in PRT, where pressure stayed above 1 bar. After extensive check-
ing of anchor steel plates, supports fairly behaved during all the discharge tests :

no plate displacement and no spubber failure, even if hydraulic snubbers were highly
overloaded (1:4). particularly on 6" RY discharge piping. Expert evaluation showed no
damage. Load level is closely dependent on water seal temperature and initial downstream
piping temperature. These results are confirmed by calculations run with RELAF 5 MODE 1
CYCLE 18 by EPRI. On French PWR units, water seal will be reheated by insulation upstream
of RV, and RY openings will be slightly shiftad to separate transients in piping.
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1 - INTRODUCTION

~ Past and present design of FRAMATOME PWR systems includes the installation of satety
valves and relief valves which permit the discharge of steam from the pressurizer to the
prassurizer reljef tank (PRT) through discharge piping system. (see Tig.6)

1t has been found that certain spring-loaded safety and relief valves have a tendancy
to lealk when subjected to high pressure steam next to the valve seat. The valve leakage is
thus limited by designing the system with a small volume of water, belween the valve seat
and the high pressure steam. The water seal s obtained by letting the steam condense in the
portion of piping upsteam of the valve, by removing the therimnal insulation.

At the other end, steam is discharged into the water contained initially by the PRT
through a horizontal immersed quencher provided with & great number of small holes. The pipe
between the valves and the quencher is initially Tilled with nitrogen (1) which is take
from the PRT nitrogen cover.

The opening of @ valve causes the water seal to be pushed into the discharged piping by
the pressurizer steam pressure; the nitrogen fil1ing the pipe is subjected to pressure waves
and pushes the water slug contained by the PRT quencher.

This discharge produzes rapid pressure pulses in the discharge piping which result in
quite substantial transient loads which can be reduced to forces applied along the axis of
each nipe straight run. These loads would produce a large pipe whipping should the pipe not
be adequately supporied.

Water seal expulsion pluration depends on valve stem VifE dynamics which can vary ac~
cording to water-siem interaction. Pilot operated relief valves (PORY) are not very sensiti-
ve to this interaction and open relatively slow : .2 second about, whereas safety valves(SY)
may chatter. So, to disconnect the evaluation of piping behaviour under hydrodynamic loads
of SV chattering it was decided to assist the SV with a pneumatic vam so that it opens for
sure and neatly in less than 40 williseconds.

The experimental approach of this phenomenon is not easy bacause of its short transient
nature : Tor example, a valve discharge transient ic completed in iess than 300 ms. Care
must be awarded to the choice of sensor freguency vesponses, strengh, velishility as well as
of cables and recorders.

is
ig

The analytical approach is made difficult by the behaviouwr of the water seal @ where
does it flash, how wmuch of it flashes, how does it break up ?

Considering these difficuliies, & Tirst Lest program was conducted in 1978 on BUGEY 3
in order to evaluate support loads due to PORV opening (1, 2. 3 valves operated at the same
time). This test gave data thal lead to several support design Fixes on the plants in opera-
tion and under cons i

wction, and permitied to design more properly the next projects.

Howaver it was insufficient to obtain a good data base and qualify a thermo-hydrautic
analytical model that would have permitted to compute the loads generated by the steam dis-
chardge in other configurations, i.e. other piping diameters and routing, dischavge through
the saftety valves, etc.

It was thus decided to parform a new test on a 900 MWe freach plant, with the partial
sponsoring of LdF (2) and EPRT (3}.

The ohjectives of the test described hereunder are the Tollowing

- characterize the mechanical response of the discharge piping to validate a mechanical
fode |

- open one, two or several valves among the voilowing : one 3V and three PORV, at a ti-
me or sequentially and measure

discharge piping transie
. support loads
. water scal valocity
water ana steam condition

T response

s

Preparaiion of the test staried beginning of 1980, the mechanical vibration test was
conducted in september 1981, the discharde test was carried out in novembar 1981, on CHINON
51, during the reactor hot functional tesis, and thermohydraulic and mechanical analyses of
the discharge pining were conducted in The Tirst half of 1962.

(1) ¥iilrogen <o ollowed |

exioting <n the 187 pig
(2) Blectricitd de Fro
(8) Wlectrie Fower Resoar

PRT to bhe dischoavge piping Lheougln a s Ll hole
el run in the PRT.
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2 - INSTRUMENTATION (see tables)

Dbjectives

The instrumentation should permit to

~ measure system initial thermohydraulic conditions

- monitor the valves stem displacements

- measuve the piping mechanical response to hydraulic transient loads

- measure the Tluid transient conditions in the piping systen

- menitor some typical pressurizer fluid conditions

- determine the Tocation, velocity and thermohydraulic state of the water seals during
their travel to the PRT,

- mgasure the hydraulic parameters in the PRT

sensors have been distributed from the top (prassurizer) to the bottom (PRT) of the
discharge system, with the following principies :

- measure loads on all snubbers with strain gages sticked to the rods; aliminate bend-
ing strains.

= avoid instrumentation on sophisticated suppovts such as braced steel guides, trun-
nions supporting the header, which would lead to difficulties in the interpretation

~ make sure that the frequency bandwidth of each channel is broad erougn to track the
dynamic nature of the transient

- make syre that the measurement is not impaired by the sensor environment (fluid,
support movament, outside ambisnt temperature or radiation, etc)

- Timit total number of dynamic parameters to 170, mdx1mum number permitted Dy the di-
gital data acquisition system, 12 quasi static parameters being recorded separately.

[}

= QUALTFICATION OF TNSTRUMENTATION DEVIGES - PRELEMINARY TESTS

Knsbrumeniacuon included mechanical and thermo-hydrauiic sensors which were to be qua~
Tified for operating conditions, Sensors behavicur is closely related to mcunting devices,
ior which specific studies and qualitication are required. Thc main goal was to qualify

fast response instrumentation devices with hi qh Lomporauuke conditions. Qualification re-
quirements and main results are summarized in TABLE 1.

For thermocouples, conclusions of test results are the Tollowing
- for & constant diameter (1.5 mm) and protusion (3 mm), rasponse time decreases From
nsulatad head (0.57 s5), to head to ground (0.15 s} and o unprotected head (0.056 s).
for a given mouniing iype, response time decreases with diameter.
- insulating material (alum1ne or magnesie) does not change results.
= there is no significant decrsase of response time for protusion over 3 mm,

mm diameter with unprotecied head

The smallest response time has been found For a 0.5
€ appearad to be too weak and a 1.5 mm

and a 2 mm protusion : it was 0.06 ¢ at 63 %. But i
diameter sensor was chosen.

The GOULD pressure sensor has been selected by preliminary tests in which the quast
1 h1it of ten different sensors was measured. GOULD sensor has a thermal

static ther
shift smaller than 4.5 % of the measurement range at 180°C.
The sensor s mounted on » smail tubing (FIGURE 2) which significantly reduces thermal
ef

shock on sznsor, Thermal shock effe
pressure transient.

¢t s an apparent negative DWLC&U 2, occuring arter the

The static compar 'son between welded and sticked strain gages pointed out a small
shift (< 7%) in compression which may be due to a buckling of the tinsel.

For accelerometers, the main problem was to aveld saturation on amplifier with high
m3gn’tude high frequency houLs, Electric filter was not considered because sensor capacity
varies s1gn|umcantﬂy with 1 temperature and changes Cth1nq frequency. A rubber mechanical

fiTter (FIGURE 3) was qualtiti nd and mounted on a rod equinped with fins.

Drag discs were designed and qualified by ihe supplier MEASUREMENTS INCORPORATED. They
were supposed to have a natural Trequency above 500 Hz and f0 measure a momentum fluy bet-

: . . . ) 2.
ween 5 K 104 kg/m52 and 7.5 x 107 kg/ms

Ultra-sonic barriers ware used to detect water seal Tevel and to measure water seal

veloct ty durinq valve opening. A water seal running in front of an ultrasonic transmitter
receiver unit induces a transmission echo whenever water is present in the pipe. A perma-
nent - ampﬁ1ng of two synchronous ultrasanic barriers as i1lustrated on FIGURE 4 allows the
measurament of the water seal velocity by analyzing the ditference in phase between
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channels 1 and 2. This system device was tested on site and on INDIRA test loop during pre-
liminary discharge tests.

Preliminary tests were run on different plants (SAINT-LAURENT 2, TRICASTIN 3 and 4) and on
INDIRA test loop in CHATOU, where a full size discharge system was installed, similar to
on-site upstream and first downstream pipes. A number of discharge tests where run and
every Sensors, amp]ifiqrs and data acquisition system were tested.

4 - DATA ACQUISITION SYSTEM (DAS) AND DATA PROCESSING
The data acquisition system consists of :

1 FOURIER HEWLETT PACKARD 5451 C analyzer
- 1 Analog to Digital Converter and Multiplexer
120 channels, 100 kHz, monitored by the computer
24 sample~and-hold units
1 time base
- 3 output peripheral devices :
50 M-octet disc
. magnetic tape reader
. plotter

i

Figure 5 shows a schematic description of the DAS. The DAS has been used for acquisi-
tion and processing during discharge test, and for process the data of mechanical tests.

4,1 - Preliminary tests - Modal analysis

During preliminary tests, excitation force and piping accelerations are recorded on an
analog magnetic tape located in the containment, They are filtered with a Tow-pass filter
to avoid aliasing during Fourier process. Two tachometer signals are taken. The 1 pulse/rewv
is used to give the phase reference (external trigerring signal) and to calculate the rota-
ting freguency, via an RPM counter. The 64 pulse/rev. is used as external sampling signal,
so that one obtains after an acquisition of 64 samples of a signal, a fast Fourier trans-
form amplitude and phase information on the 32 first orders.In most cases, only the first
order is of direct interest.

After the test, the data are multiplexed and processed on the HP computer to obtain
transfer functions and modal parameters (natural frequencies, damping values and mode sha-

pes).
4.2 - Discharge tests

It has been found that 24 channels have to be defined up to 200 Hz and 96 up to 100 Hz
50 24 channels were sampled at 1000 Hz and sampled and held, while 96 were sampled at 500
Hz. Therefore the total multiplexer sample-rate was set to 72 kHz.

Multiplexed data are stored on the 50 M-octet disc and may be processed just after the
test. A number of display programs may be used, Tike zoom, full scale display...

As with any non-rigid pipe support system, however, the structural response of the
CHINON Bl piping prevented direct comparison between the calculated hydrodynamic loads and
the measured support loads. Therefore, it was decided to conduct mechanical tests in order
to obtain modal parameters of the piping systam (natural frequencies, mode shapes and modal
damping values). These parameters were to be used by ANCO (1) to qualify a mechanical mod-
el with EASE 2 structural analysis code. Afterwards, calculated hydrodynamic Toads were
entered as input boundary conditions to obtain the calculated support Toads for comparison
with data.

Mechanical tests were run by LMS (2) and conducted by FRAMATOME. An unbalance exciter
with rotating masses (max. force 12000 1bs at 50 Hz) was fitted to the pipe, delivering a
fraquency squared dependant force from 3 Hz to 100 Hz, measured with six load cells. Fifty
measurement points were selected, distributed over the complex system (FIGURE 6). In order
to be able to excite the complete structure, six excitations points were selected. The sys-
tem was excited successively in one of these points and the fregquency responses were mea-
sured between the exciting point and a limited number of measurement points related to that
excitation point. For each excitation point. a number of reference points (related to other
excitation points) are measured too. The freguency responses in the reference points provi-
de a necessary lifk batween the modal parameters, related to the different excitation

Boutevard CULVER CITY, CA 90230, USA
e 400, 3030 HEVERLEL, BELGIUM

(1) ANCO Engineers, Incorporated, $937 Jefferson
(&) LEUVEN MEASUREMENT AND SYSTEMS, Nownmse Steenw
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points.
A typical frequency response function is shown in FIGURE 7. The resotution is 1 Hz.

The approach in this test was to approximate each measured freguency response function by
the most general expression for a linear model assuming general viscous damping.

n U + gV,

o0 Ykt gk Vigk Vg
ik O Iy RCRICY
where Xi = dispiacement in point i (freq. domain)
Fj = force in point j (freq. domain)
n = number of degrees in freedom in considered frequency domain
v o = kth modal damped natural frequency (rad/s)
8, = ggh modal damping value (rad/s) '
&y = ;“E = damping ratio (%)
Uijk + jvijk = complex modal displacement
w = pulsation

27 different modes are identified between 3 Hz and 100 Hz. Table 2 shows the calculat-
ed resonance frequencies and damping ratios.

A1l modal displacements were rescaled to bring them back to one excitation point,
Excitation point 5 was chosen for this purpose :
= 5
A1'5I< A rok
rmk

imk -
A

Ai5k = complex modal displacement in point i, with excitation in point 5 mode k.

A1'mk = complex modal displacement in point 1, with excitation in point m mode k.

rek = complex modal displacement in the reference point v, with excitation in point
5 and m,
point r makes the link between different excitaticn in point 5 and m.
Armk = complex modal displacement in the point r, with excitation in point m, mode k

On one hand, the exciter force had tc be high enough to make the snubbers operate and
obtain Joads on supports close to discharge loads; on the other hand, it had to be 1imited
in order to maintain stress intensity below stainless steel endurance limit on class 1
piping.

Therefore a maximum force level was predicted by a previous calculation, assuming a
damping ratio of 2 %. During the tests, a first low level and fast sweep sine test was run
to estimate damping value. For all the tests, surveillance parameters were recorded : 3
accelerations on SV and 3 strain-gages bridges on class 1 piping, 1 measuring bending and
torque. Response spectra were computed by HP system after each test and determined follow-
ing excitation level, by comparison to pre-calculation resulis.

6 - DISCHARGE TESTS ~ DESCRIPTION AND MAIN RESULTS

Twelve steam discharge tests were conducted in November 1981, with and without water
seal, through PORV or SY. During all the tests, the SV was assisted during valve opening
with a pneumatic ram. PORY and SY were opened separately or sequentially. Tests conditions
are summarized in TABLE 3. We have tried to obtain different water seal initial temperature
condition : more or less hot (FIGURE 8). Discharge duration varied from 10 s o 60 s in
order to test the efficiency of condensation in PRT; for transient tracking, one second
would have been sufficient.

Typical pressure wave downstream a PORV occuring during a water seal discharge is
shown on FIGURE 9. FIGURE 10 shows axial Toad on snubber during test 5. Two different
transients occur, spaced out with 120 ms which is the delay between the two PORY opening.

After the second transient, the piping oscillates on snubbers during 0.7 s.
An equivalent reduced damping coefficient may be estimated frem the fuel vibration by means
of the Togaritmic decrements. 1
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In this case, the approximate valve 5 3 = 35 %, which is quite higher than values
used currently when analyzing pipelines subjected to seismic motion (1 to 2 %)

7 - INSPECTION

After completion of the mechanical tests, it was necessary to make sure that class 1
piping had not been damaged. Dye penetrant and gamma-ray inspections at all critical pip-
ing sections were conducied and results of gamma-ray were compared to reference documents
no damage was observed.

After discharge tests, an overall inspection covered class 1 piping, snubbers. support
plates, support attachments to piping, SV and PORV tested. Results presented in TABLE §
show that the pressurizer discharge system remained undamaged; one snubber was damaged by
high magnitude Toad but still operating.

8 - QUALITATIVE INTERPRETATION OF TEST RESULTS

The overall pressurizer discharge system behaved finely during the seven days of test-
ing, with no apparent damage to any part of the system.

Loads on supports

Results of tests conducted for EPRI by COMBUSTION ENGINEERING in Hartford, Connecti-
cut on the same safety valve with the same water seal, with a single outlet 12" 0D pipe,
showed very high transient Toads of the order of 1000 kN, in the second straight pipe run
after the sV. This did not happen in CHINON due to the neiwork character of the discharge
piping : maximum Toads recorded were 160 kN on the 6" pipe supports and .80 kN op the 12"
common pipe supports, both due to PORVs discharges and not to the SV. In this way, the
PORY Teads are sizing. o

However, the faulted condition Toad foreseen for the 900 Mde contract program was over
passed on some snubbers (25000 N on the 6" vertical run and 12500N shubbers on the 12" ex-
pansion loop). Loads remained within tha ASME maximum Toad calculated by the manufacturer
¢ times the load in Taulted conditions.

The header is important to break down the water seal into paris and to split it.

Valve opening

The SV was leaking slightly afier the first opening at reactor normal operating tem-
perature.

Full valve stem displacements are obtained in 220ms for PORVs and 16 ms for the SV,the
effective cpening being obtained in a somewhat shorter time for the PORVs.

The 2 PORVs wnich were operated at the same instant always opened with a shift of
about 120 wms so that the two water seals never travelled together in the comwon 6" piping;
however they met at the 6" to 12" junction.

Water seal temperature

l.oads on supports depend very much on the volume and temperature distribution of the
water seal. A partial or hot water seal (temperature above 260°C which is the saturation
temperature at the maximum pressure weasured immediately downstream of the valves, 4.5
MPa) generates smaller Toads.

Support plate attachements to walls

Most plates were fixed with expansible bolts. Before the preliminary machanical vibra-
tion tests, a campaign was undertaken in order to check the efficiency of these fixations
and many bolts were retightened.

During the mechanical tests and laler during the discharge tests no plate dispiacement
wes observed - the plate contours were marked onto the concrete - and this good behaviour
contributed very much to the test success.

Piping

Measured dynamic absolute piping displacements were smaller than 4 mm and strain gages
showad very small stresses in every discharge test.

This qualiTies the piping subport principle of restraining axial movement of each
straight run in its axis if possibie, or as near the axis as possible (after an elbow).

Snubbers

A1l snubbers used, both mechanical and hydraulic type, behaved well i.e. blocked du-
ring the discharges and restrained the piping displacement.
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Fressure relisf tank

The steam condensation efficiency of the PRT has been greater than expected : during
the tests, final pressure remained below 1 bar gage, whatever may be the stsam mass ©low
rate and the discharge duration.

9 - INTERPRETATION OF TEST RESULTS BY ANALYSIS

One interpretation has been conducted by EPRI, in several steps :

- prepare a structural model of the piping system

~ validate this wmodel with the preliminary mechanical vibration tests

- use thermohydraulic computer programs to modelize the discharge system

- compute hydraulic parameters and hydraulic forces generated by the water seal and
steam discharges

- adjust calculated to measured Tluid conditions

- apply these calculated hydraulic forces to the validated structural model

- compare the calculated and measured support loads

- Interprete discrepancies and corrections to apply. 1f necessary

Four tests among the twelve were selacted for interpretation (1) with RELAP 5/MOD 1
camputer program for the hydraulic part of the work,

Tests 3, 4, 8, 1l(see TABLE 3) were selected for the evaluation; they represent a PORY
and a SV opening, with and without a cold water seal.

With many refinements in the models used which we cannot develop here - especially
distributing the loop seal water in the downstream piping as an initial condition - the
comparison s as follows :

- pressures({see FIGURELL) ave 10 good agreement for spikes and steady state, with 2
sTight oifset.

- momentum Fiux @ calculated and weasured maximum values and timing differ significan-
tly. Thare may be & wultidimensional flow regime offect and there is also an excitation of
the first mode of the drag disc beam.

- support loads show an overestimation of the amplitude though the phase is good for
the first cycle. Damping seems to have bdeen grossly under estimated or the assumpticn of a
distributed damping is not correct for the model studied. Tndeed, when a straight pipe run
is excited and vibrates along its axis on two snubbers, connected pive segnents are sub-
Jected to bending which induces few damping wheveas the two snubbers atong the axis induce
much damping.

For the discharge of steam with or without water seal into the discharge piping sys-
tem the tests performed on CHINOM B1 showed ov confivmed the following points

- smail loads upstream of the valves

- high 1oads downstream of the valves, these loads being minimized by the piping net-
work (the header especially), a hot water seal, time space between valve openings and be-
ing increased in the leng PORY 6" downstveam niping

- expansible bolts can withstand high loads when properiy Installed or vetightened

- supporting each straight pipe vrun in 1ts axis is a good procedure

- good condensation efficiency of the PRT

Though discharge piping supports can be designed to withstand higher loads it seems
to us preferabls, especially Tor an existing installation and if feasable, to :

~ try to avoid cold water seals (by keeping their temperature above saturation tempe-
vature at maximum downstream pressure duving the discharge)

- phase out value openings (1 second Tor ex.) ] o

- design a piping which breaks down and splits the water seal as close as possible to
the valves u

- support the piping straight runs very carefully, as close as possible to theivr axis

- use spubbers which have a large plastic deformation capacity beyond theiy maximum
design load.

(1) by Intermountain Technologies Ime. Idaho Falls, Idaho U.S.A.

B
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TABLE 1 = QUALIFICATION OF INSTRUMENTATION DEVICES

MEASUREMENT TECHNICAL PROBLEMS TECHRICAL SOLUTION QUALIFICATION
- Fast response sensor between 200 Crromel-alumel thermocauplz with - 10 m/s Tlcw rate water Joop with
ard 350°C head t> groune. # = 1.5 mm, hot thermal shocks.
TEMPERATURE (1) protusion = 2 mm (see fig. 1}
- Mechanical resistance to water response time = 0.15 5 at 63 % - on test loop {INDIRA)
seal discharge
- Fast response sensor (200 tiz) Thin film strain gage transducer 1 - shaking test with mounting
submitted to a thermal shock (GOULD) mounted inside & Helmoitz device (f<4000 Hz)
{200°C) and to a pressure transient] resorator {sse fig. 2} 2 - Thermal shock test with mounting
{57 ba I 2 Py 8040
PRESSURE (2) {50 bar} in thz same time 1 - Bandwidth = 1-1000 Hz . c_lnyma (n ‘-80,[’ )
2 - ho thermal effect during pressud ° ~ Shaker test of sensor in two
;e transient ! J pres directions {2C g - 500 Mz)
3 - Low sensitivity to acceleratior - on test Toop (INDIRA)
- Fast response sensor (100 Hz) sub- | Welded sirain gages (VISHAY-MICROME{ Static and cynamic comparison to
STRAIN (3) mwitted to high temperature (350°C) | SURE) sticked strain gages.

ACCELERATION (4)

= Measure an acceleration below
20 g - 100 Hz on & hot piping
(300°C) submitted to high magni-
tude, high frequency acceleration

Sensor (ENDEVCO} sticked on a 4 mn

thick rukbber disc, protected

against temperature by a finhed rod

{see fig. 3}

- DBandwidth = 3 - 300C Nz

- Resonance 4 1500 Hz in axial
direction

- Damping = 20

- Shaking test with mounting device
between 106 and 5000 Hz

on test Toop (INDIRA)

.

Measure a mass flow rate between

5% 107 kg/ms2 and 7.5 % 1Cﬁkg/m52
at 70 bars and 260°C

- Two drag discs in twa different
section, with target on the axis
of the piping

- Hydrostazic leak test
- Static hangino wetght qualifica-
tien test

MAZS FLOW RATE (5) 7 e - natural frequency = 437 Hz on a - Steady utate low flow qualifica-
- Matural frequency - 500 Hz rigid mounting tion test (water at ambient in
reverse and forward Flow)
- on test “oop (INDIRA)Y
- Detect water seal length before - 4 ultrasonic transmitter - On test loop (INIIRA)
valve opening receiver units {fig. 4) - On site (TRICASTIN 4)
WATER SEAL  (6) = Measwre water seal valocity during

valve opening
Dperatz at 350°C

SNUSBER LOADR (7)

Lateral displacement at piping
attachment induces bending

- 2 axic] strain gages scicked ig
snubber rod on a diameter and
Wheatstane bridge

- neg
- positive

ive : (SAINT LALRENT 2)
toon test loop (INDIRA)
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{1} & sensors in piping and 7 in PRT (5) 2 Tecaticns on aiping
(2} 12 sensars in piping and 4 in PRT (6) 4 upite conbining US sensors and pipe wall thermocouples
(37 21 on piping (7) 19 sensors
{4; 26 sensors an piping
TABLE 3 - TEST LIST AMD CONDITIONS
- S . e Drinory system| ; et G . N
N N Late Srquencs Prossure (LAR) . cus water Seal Comnmants
P
1
1 11/12/81 Relief Valve G8 Vi 163 55 S liters
2 11713781 ST T e e 164 55 5 liters - ”
2 11/13/81 E 0g Ve 162.5 6 liters Test
4 11/14/81 T oy vp 163.5 13 Stman ”
[ 11/14/81 RV OF thern 09 and .0 VP 163 20 S8 1 6 liters
o RN ol (1)
o: 10 ¢ (1)
B T /TR Safely valve 13 VD 1e1.n 16 T 27 liters sV leaking
e " l1/i5/01 D 163.7 D 260 Lite Test "
1 1/16/81 R 08 then 09 and 10 VP ) o8 : 6 liters
then SV 13 vP 164 15 1w (1) orati
10 » (1 Ca’ibration
23 0"
3 11716761 Safety valve 13 VD 164 30 S 27 titows Test —
15 11/17/81 RV 08 then 05 and 10 ve j R e
“then 13 VP 164 15 Sg .}?_,)5 L&m'.‘
B e LEr
Ww: 1o oy (Test
13 27 "
1 11/18/81 Sufety Valve 13 v 164 Test
1z 11/18/81 KV 08 than sv 13 VF 151 e
(1) imaked value, no reasurcmont
(2) wentification ol the s odoos mot always [it with test procedure nusr.,
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TABLE & = INSTRUMENTATION
r HODE RES. FREQ. (Hz) DAMPING RATIO {%) —] .
Nurber of Shanne!s
1 5.4 7.3
2 77 1.2 Jynaniic C Quasi stetic
3 1.7 21.3 e
4 12.3 1.6 R
5 15.0 L5 Fluid temperature 1%
¢ 16 L Pioe wall tenpera turs 2
7 0.2 ! B o ;
ol ressure
& 3 43 i Fluid mass aZdEm‘u:m 3 1
9 2.7 10.9
10 28.9 1.8 Support stress 19
1 3.0 2.0 Pipe wall sirgss 21
12 2.0 5.5 Acceleration 26
13 9.2 o Pipe displacament H
1 a7 35 Vilve stem displacsmnent . 4
15 6.7 1.8 Drag disc . ¢
16 9.3 3. o Compantsian 7 1t ved 2
7 52.9 1e.1 Measurengnis on the pressurizer from
18 57.0 6.3 ! the control room 5
19 50.1 3.8
20 60.3 2.1 TOTAL ‘ 120 ‘ 12
21 63.4 2.5 S
2 71.0 3.0
23 78.5 2.c I
2 arz 3.0 ! . R
2 87.0 3.0 [CL W e——— | ! i -
2% 2.9 7.0 e . | r !
27 53.0 1.6 a1y ‘ R VNS v J . [ o o pors J
| = i fe 0 | l '
Tadle 2 : Resanance Frequerc es and Damping Ratios JH,W(,,( ,_.m,,\_J . | | : - J
identifiad on Pressurizer Systen “‘, N to A - cleans I ) e | e | [
| - | ’ ‘ |
Pwpert platr | L= vin) oacetion ]y ’ i ! yor 1o plare dislaces ‘
oo ‘. { " . [ - i does o i
/ e PSRV N ‘ B . J

2 dumriicn S e e
[FIER

ERNT

sttt sl

J‘v.\ru_v Yalves ::;l,j”“m“' ’ I ‘ o | v ,::-1“.', : ‘
- S S S | |
\/
N VRN
g ~/
3 ¢
2 T E
N —
I
FIGURE 1 : TEMPERATURE PROBE
HSENHOR
POBRBER PLRTE J E
0
7 3 D\HBRTIONTRL  ANLS

/
-

FIGURE 3 ¢ ACCELERATION PROBE

FIGURE 2 ¢ PRESSURE PROBE

*
—_ 105 — fa/7



1. MOUNTING

T
B
s S
S N
] N .
4 ,‘< {rRECETVENS)
e L)\L\Iﬂfiur\/ f?!i\lT
2. PROCESSING
nolzm
val;~
]
Th *l“l
& E
B Lot Ty Qe e teer dischargs wilven 1
ynchro .
< satuty ualvet [UROSEY BMG)
s ried Do rete
lM [ Far o valve
! s MINT COMBUTER SYLTER e alsetute
= LL_ wletion included
AP LT o temperature
Amplitude 1 ceobion area at wEile
measurement o - Relisf valvew (37 FISHER baveol iype)
water tranemitted schoes wininum specifics How rate Fs e g
oL nressure H bar abzaluze

: ‘
i 33 hales G416 inch. about
12 inz. o

< 0w approi
P62 ber 3

{3 oluLc
! design L e
‘_ - PRT volme L 37ud (25,6 W water)
dBLIGR WELSUTT 7 el
design Somporaturs
Quungier
FIGURE 4 : ULTRA SONIC SYSTE “ripiag faty walve i; o s 00

" CD & 370D Sch 160

" : ) 4 6 Db Sch 160
)0 W lang B CD Seh 19§

- Hater sedl velume
0

nsefety valve FEOR T

el valye » 1 litren apaven.
eolure hetveen safely 3
volves anl thy PRT lm‘
Tire ™ 30 N
- Priary systes wotel volune et

FIGURE & : PRESSURIZER DISCHARGE PIPING SYSTEM

120 Chonnels
R

4 2425 120

) _ dmpat

I
Gatple and helgdl - analynis ‘I
— " 3
: procosstag b
b || keyhaard L ! are
Waitple
e |—~J
Pl

adse

I

; E__i‘v e
— “Lj_ i

Magnaule
g
unit

ne M byles g

vk

FIGURE 5 : DATA ACQUISITION SYSTEM SCHEMATIC DESCRIPTIDN

) *
— 106 —— [



16°% (/s

. n | | |
i D ? \ i

i [
b . ¥
. SN AN N
- L ( Vo J ., xl
‘A'-. e T \\r
R e ‘ y v ; ; ; -
@ el el a6a LYl Sid )] Tug a6 SHE 1686
1=t Mz Ln

FIGURE 7 : TYPICAL FREQUENCY RESPONSE

V“Tgf:rys‘f@\@‘j
o SN
e EITREY Y 4
T NN
| Tesaban X3

el

280

400 |,

emsmrmem b -

Taz T, ’ TG Tag

FIGURE 8 ¢ WATER SEAL INITTAL TEMPERATURE

07 —

F o



FACTEUR Vi € 4 BAR VP1E
T T -

AEACTENR LS W

i0H P1zC .

T T T

TITRE
nATE

CH9AT 3 CHINCHN iE
13743791 20800

FIGURE 9 PRESSURE WAVE IN PORY WATER SEAL DISCHARGE

FIGURE 11

dai ESSAT B CHINOM #1  14-10-81 20608 JALGE $27 Zome traznsitole
l ' dt =fe.t
r[ﬂ';‘T WA TER SELTUD Fo | 18 Hhi
SEAL -

/ﬂ
f \/\ ALY

» o) s
¥ / o / v ‘V\/ )

B 4eb  <@@ €56 38A  10Bg  12e@| 1400 (B 1900 2060
17t BEC

410 o

(BELAY  BETWEEN VRLVE  L1eTe)

FIGURE 10 :  AXIAL LOAD ON SNUBBER

ChINON B 1 TEST 8
PRESSURE P12C  RELAPE=SOLIU.UNTA=DASHED  FRIENA

8 |4 .
3 WY
e Y L
T e £ it
S =
—_—
. s i |
o :
&
h
. i

S e 0.00 0.10 0.20 .40 0.40 0.60
TIME [SEC)

COMPARTSON BETWEEN CALCULATED AND MEASURED PPESSURE
WAVE - TEST 3

108

Fo/7”



