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MEMORANDUM FOR: Distribution

FROM: Moni Dey, Senior Task Manager
Engineering Issues Branch
Division of Safety Issue Resolution
Office of Nuclear Regulatory Research

SUBJECT: TRIP REPORT FOR MEETINGS WITH ELECTRICITE DE FRANCE, AND
NUCLEAR INDUSTRY REPRESENTATIVES IN BELGIUM TO DISCUSS
APPROACHES TO CONTAINMENT TESTING

The purpcse of the meetings was to obtain design and implementation
information of an On-Line Containment Integrity Monitoring System, and the
rationale for changes in approaches to containment testing in France and
Belgium. The information obtained at these meetings is being used towards
formulating options for the Performance-Based Containment Testing Regulation
being developed in the "Marginal to Safety" program.

Meeting with Electricite de France (EDF)

I met with representatives and technical specialists of EDF in their offices
in Chatou, France on October 18, 1993. A list of attendees is enclosed.
Representatives of the French regulatory authority were not available for the
meeting due to unforeseen conflicts with other meetings.

EDF provided a comprehensive presentation of their approaches to containment
testing, particulariy for On-Line Containment Leakage Monitoring (see
Enclosure A through D). Highlights of their presentation and discussions are
provided below:

0 EDF has always conducted a "Type A" integral containment test once every
ten years compared to the current practice per Appendix J of 10 CFR Part
50 of three times every ten years. Their basis for the interval is that
the "Type A® test is mainly useful for testing the containment
structural integrity, and ten years is an appropriate interval since the
structure is not expected to degrade in that time frame.

0 In 1985, EDF initiated installation of a system for Continuous
Monitering of Containment Leaktightness (the Sexten System, see
Enclosyre A through D) in all their 900 MW and 1300 MW PWR plants. The
on-11n8 monitoring system measures the flow of air into the containment
atmosiﬁire from leakages of the compressed air system, temperature and
humidity in the containment building, and calculates the leakage rate.
The system is claimed to be capable of measuring leakages of about 0.1
to 0.4 percent volume per day (equivalent to a hole of about 1/2 in. in
diameter). The system is aimed at monitoring leaktightness of the
containment in a operational configuration, and was installed to allow
longer time intervals for purging containment atmosphere during
operations.
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EDF has had successful experience with the Sexten System. The system
has detected small (less than 1% volume per day) leaks over the years,
mostly in systems that are open during operation and would be isolated
in accident conditions. The system has not detected any significant
gross leaks during operations since it has been installed in all PWRs.
The French nuclear regulatory authority (DSIN) has been requested to

provide additional information regarding events detected by the Sexten
system.

Other details regarding the design, operation and costs of the Sexten
system were provided by EdF and have been documented in draft NUREG-
1493, "Performance-Based Containment Leak Test Program.”

Meeting with Representatives from the Nuclear Industry and Requlatory
Authority in Belgium

On October 21, 1993, I met with representatives from the electric utility,
architect engineer, vendor, nuclear research centre, and regulatory authority
in Brussels, Belgium. A list of attendees is enclosed. AIB-Vincotte, the
authorized Belgian Nuclear Inspection and Licensing Body presented the Belgian
position/approach to Containment Leakage Testing (Enclosures E and F) which
were developed based on a combined industry and regulatory authority Working
Group on Containment Leakage Testing. (Enclosure 6). Laborelec, the vendor
of the Belgian on-line containment integrated leakage rate testing system
(Enclosure 1) presented details of the design and operation of its system.
Highlights of their presentations and discussions that followed are summarized
below:

0 In 1986, the "Type A" integrated leak rate test interval was modified
from three time every ten years (based on NRC regs.) to once every ten
years. The modification was implemented to decrease the risk of fires
and potential equipment damage during high pressure tests, and also
because it was concluded that the Pa pressure for the tests was overly
conservative and not representative of the real pressure in the
containment during accident conditions. Also, no degradation of the
containment structure has thus been observed or is expected. The
containment is tested every ten years to check for unforeseen
degradation mechanisms.

The one in ten years "Type A" test includes 2 program for visual
inspection of growth in cracks and deformation of the concrete in the
containment structure. Stresses in containment tendons are also
monitored during this inspection program.

An on-line containment leakage monitoring test has been implemented 1n
Belgian nuclear plants (all PWRs) since 1986. This test is conducted at
power after a cold shutdown more than fifteen days, and in principle 13
the same as the French Sexten system, except it is not conducted
continuously. These tests during operation can detect a leak of | cm n
diameter. About twenty tests have been conducted thus far and have not
detected any breaches of containment.
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Dther more detailed information regarding Belgian approaches and practices
regarding containment testing that were provided during the meeting are
included in draft NUREG-1493, "Performance-Based Containment Leak Test
Program.

ORIGMAL S1awen v

Moni Dey, Senior Task Manager
Engineering Issues Branch

Division of Safety Issue Resclution
Office of Nuclear Regulatory Research
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CONTINUOUS MONITORING

OF CONTAINMENT LEAKTIGHTNESS

THE SEXTEN SYSTEM




1979

1980

1981

1983

1985

1986

1990

1992

1993

HISTORY

containment leaktightness problems in
operation

first test in operation

continuous monitoring of a plant, during one
year, with an experimental system

definition of the industrial system (900 MW
plants), called SEXTEN
evaluation in six units

start of installation in every 900 MW plants

definition of SEXTEN system for 1300 MW
units. Start of installation.

start of SEXTEN 2 studies
SEXTEN 1 installed at RINGHALS 3/4
SEXTEN 1 sold for RINGHALS 2

SEXTEN 2 prototype installed in 2 units in
France
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DIFFERENT VERSIONS OF SEXTEN SYSTEM

SEXTI'N1:
realised in 1983
installed in all French units
hardware now obsolete

SEXTEN 1 for Ringhals
realised in 1992
modern harware (same as SEXTEN 2)
adaptation of SEXTEN 1 software

SEXTEN 2
prototype realised in 1993
under evaluation for one year
new software



PRELIMINARIES
”

PERMANENT AIR INLET (INSTRUMENTATION COMPRESSED AIR
SYSTEM)

REGULAR DEPRESSURIZATION (EVERY 28 DAYS)

SAWTEETH EVOLUTION OF THE CONTAINMENT PRESSURE

|
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PRINCIPLE
130 e RTINS AR

ADAPTATION OF THE "ABSOLUTE METHOD" USED FOR THE
INTEGRAL LEAK RATE TEST AT LOCR PRESSURE

EUERY 3@ MINUTES, MEASUREMENT OF &
.ABSOLUTE PRESSURE

,AUERAGE TEMPERATURE
.AVERAGE WATER VAPOR PARTIAL PRESSURE

.1CADS FLOWRATE

EVERY DAY : CALCULATION OF THE AVERAGE LEAK RATE

EUERY DEPRESSURIZATION : COMPLETE DIAGNOSIS

Al MrEN /0NM
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CHARACTERISTICS

THE SEXTEN SYSTEM IS MADE UP OF :

.48 TEMPERATURE SENSORS
.2 HYGROMETERS

.4 PRESSURE SENSOR

,USE OF ICADS FLOWMETER

.4 DATA LOGGER 1
4 CALCULATOR (HP 9913)

.4 PRINTER

.4 PLOTTER J

,SPECIFIC SOFTWARES

| EDF/DER/SDH

FOR 2 CONTAINMENT
VESSELS

a—————————
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Figure 2 : exemp'e de courde 0, = NAPJ) gbtenue au cowrs d'wn cycle de
pression enceinte. .
Avec 1a méthode de ca'cy) proposte, et 0' sont nbgatifs (fuites)
pour AF 2 0. i



CRITERION

FOR 98@ MH NUCLEAR PLANTS :

0f68 ( 5 Nw3/h

IF 5 Nm3/h ( Qf68 ( 18 M3/h
THE CONTAINMENT LEAK IS TO BE LOCALIZED

IF  Qf6@ ) 18 Nm3/h
AND IF THE LEAK IS NOT LOCALIZED AFTER 1@ DAYS
=) COLD SHUTDOWN

L FNF/MFR/SDM




CHARACTERISTICS

PRECISION :

AUERAGE UNCERTAINTY OF THE MEASURED VALUES FOR THE
GLOBAL LEAK RATE :

1.3 NM3/h over a’'day
(50 888 m3 containment structure)

AUERAGE UNCERTAINTY OF THE Qf¢d MEASURED VALUES :

8.8 Wi/
(over 28 days : typical pressure cycle duration)

AUERAGE UNCERTAINTY OF THE Qi MEASURED VALUES :
1,3 Nw3/h

|

L EDF/DER/SDM




DEFINITION

0f6@ : CONTAINMENT LEAK RATE FOR A 6@ mbar
DIFFERENTIAL PRESSURE

Qi : ABNORMAL GAS INLETS TOTAL FLOMRATE
MEASURED FOR A @ mbar DIFFERENTIAL

PRESSURE

|
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CHARACTERISTICS
DIAGNOSIS GIVEN BY THE SEXTEN SYSTEM :

'EVERY DAY : GLOBAL LEAK RATE WITH UNCERTAINTY

JEVERY DAY, AT LEAST FIVE DAYS AFTER A DEPRESSURIZATION :
EVALUATION OF Qf6@ WITH UNCERTAINTY

AFTER A DEPRESSURIZATION :
PRECISE MEASUREMENT OF Qf68 KITH UNCERTAINTY

PRECISE MEASUREMENT OF Qi WITH UNCERTAINTY

'FUNCTION "ASSISTANCE FOR LEARK SPOTTING”
(PRECISE TIME EVOLUTION OF THE AIR MASS)
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THE SEXTEN 2 PROJECT

. QUALITY ASSURANCE PROCEDURE

. REPLACEMENT OF ALL THE SEXTEN 1 IN
FRENCH PWR

. BENEFIT OF THE SEXTEN 1 EXPERIENCE
(about 200 year.plant) { 4w 49944 )

. UP-TO-DATE COMPUTER AND DATA
LOGGER

. SAME LEAK RATE MEASUREMENT
INSTRUMENTATION

. IMPROVED POSSIBILITIES, FUNCTIONS,
MAN/MACHINE INTERFACE




- SEXTEN 2 IMPROVEMENTS
WITH REGARD TO SEXTEN 1

. NEW COMPUTER AND DATA LOGGER

ki

- NEW ICADS FLOWMETER

he Mdas

- MODEM CONNEXION WITH A CENTRAL COMPUTER
(NATIONAL ANALYSIS OF THE RESULTS)

- IMPROVED PERIODIC AUTO-CONTROLS

. NO STOP IN MONITORING DUE TO NON VITAL
SENSORS FAILURE

- AUTOMATIC DETECTION OF CONTAINMENT LEAK
RATE MODIFICATION

- MODERN MAN/MACHINE INTERFACE (MENUS,
COMMANDS)

. HISTORICAL RECORDS
. "REZPLAY" POSSIBILITIES
. ALARM POSSIBILITIES

. IMPROVED RESULTS PRESENTATION

EmEETETTEET. || . FWaevi
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CONTINUOUS MONITORING OF CONTAINMENT LEAKTIGHTNESS

THE SEXTEN SYSTEM
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L - INTRODUCTION

e containgpent leextightness 3§ essential to the safety of PWR nucl.e
- * n nuc.eat
power plants This was illust-azed Dby the Three Mile Island accidernt
where the cont inment efficiently pleyed 1ts part in pres ntir é
: Y g 1 reventing th
re.ease of radiosctive gaterials to the ataosphere. %

~™h -~ 1™ - 1 3 < - 4 \
The containsent leaktightness 35 usually checked before the unit is
. -

started and, then, per;odical‘.y by perforaing {ntegrated leakage rate
tests. g;tfw‘.me pests are exrried out before the plant startup,
e ~ first . snd, after, ten years unless &8
Yeadlrightness *§In this case,

tests Are performed ®mOTE frequently. The leeaktightness 1is checked 8% 8
pressure corresponding to the Lost of Coolant Accident that is at & 4 bear
gauge pressure. o aas

in France, it was decided to check the containgent leak:ightness on &
serzanent basis by {nstalling @ W:ﬂ:e SEXTEN
working during the unit operation. '

:is systes has now peen installed in all the French PWR units. It has,
on several occasions, revealed lesktightness defects in the containasent
of working units.

2 - HISTORY

The first containment leakage Trate tests in an operating unit were
performed in 1980. The results of these tests are shown in Figure 1. The
solid line curve (M /™) describes the podification of the air mass in the

containmpent versus ti

During the first phase, the systes recordeg s decrease in the alr mass
corresponding to 8 leskage Trate of 21 Ma'/h at 8 £2 aber positive
pressure. The plant radistion sonitoring systes once closed, the SDCF} ”
systes peasured an air ingress into the containment of sbout 6 Na'/h =
(phase 2). During phase 5, once the plant redistion sonitoring tysha and
the service compressed ucffpummum systems were closeg.v the
containment leakage rete at & 33 mbar positive pressure wes O Na’/n. In

conclusion, the test systes detected & leskage through the plant
radistion sonitoring systes and an u\&sird gir inleaksge into the
containment through the service compressed eir digtribution systew.

This first test, therefore, desonstrated that integrated equpent

leakage rate could
sufficient to detect leakage probless that

component.

Following these tests, in 1981 snd 1982,

mstmlented an
T™his test Wwas used as & basis to define @

{nstrupentation which gerved &8s & reference
gonitoring systes. i % : i : ‘
) Tt r

> s~

m™ree of these prototypes were {nstalled in power plants in'©
perfected and velidated.



W thet a.] EDF PWR units would be eguippec withd

Leaxage detection in containments is based on the fact that the pressure
inside the containment 1s guccesively under or above atmospheric pressure
Actually, ﬂ-@e seire inside the containment goes up and down (refl
figure 2) ] A from the instrusent Coepressed air distribution

Mi seing consumed by the air-operined valves in the reactor

e air drawn froo outside is released in the containment where
the pressure slowly rises. PRai  the pressure resches & set limit, the
S R quickly @epressurizes the contathssrt, and & nev pressurizstion

@ vyt

This gas wass 1is pesasured by the absolute pethod. This sethod is widely
used for containment leskage-rate tests.

i1t consists in pessuring the average partial stess pressure and the
absolute containment air pressure. The dry air content of the contalrsent
can then be calculated.

The slope of this quantity variation is equal to the integrated
containment leakage BASS flow.

The containsent leaksge rate CAn be peasured by subtrscting the ICADS air
flow rate injected into the containment from the integrated contalneent
leakage sass flow.

The choice of the location of the various sensors and of thelr wei ghing
for the cosputation of average values {s essential %o heve
peasurezents.

ture

For instance, Figure 1 sghows that the gverage

approxisately 1°C and the partisl steas pressure by some ]
shase 2. A disruption can be seen on the curve of the &ry air mass (.‘i":

versus time, but the erTor level resains low.

e B pressurfrition gycle lasts some 70 Y MCMT.- »
Fyge rete W e everage  FEEE peessopy, I e St
amtsured every day. '

h paring 3



Curves such as those in Figure 3 are cbtained. By analyzing these curves
a precise diagrnosis of the containsent leaktightness can be smade

To characterize the containment leak:zightness & critericn was defined for
the containsent leakage rste @t a positive pressure of B0 sbars (QréQ).

In France, 4in 900 Mw units, the gontainment leaktightness i{s considered
sdequate when Cf60 s below

CHARACTERISTICS OF THE SEXTEN

Several problems likely to effect the containment leaktightness or the
operator of some circuits can be detected with the SEXTEN systez. These
are

- leaks of the components contributing to the contaihment leaktightness,
- leaks of the systess running acrouss the containment,
- undesired gas inflow {air, nitrogen).

SEXTEN can be wused, once it has detected u probles, as an aid to
identifying the defective circuit or cosponent. Indeed, thanks to the
real-time plotting of the evolution of the gas Bsass inside the
containment, the way the closing of systems or the repair of components
affect the integrated containment leskage rate can be clearly seen (refl.
exazple in Figure 1).

For 8 900 MW unit containment (free voluse of about S0 000 e’), the
gverage uncertainties with the SEXTEN systes are :

-ﬂ“’over s Edour “W¥Esuresent period for the containsent
integrated leakage rate,

- G SIYE™ o e essessment oI B er & pressurizstion cycle in the

containment,

S g

The instruments used in the SEXTEN systes are given in Figure L

The systes, strickly spesxing, consists of & processing unit, s data
logger, & printer and 8 plotter. A SEXTEN system can monitor ©wo
containments simultaneocusly. The following senscrs Are used

- 1 absolute-pressure tranducer in each containeent,

- 10 tesperature sensors in each containsent,

- 2 soisture-content sensors in esch containment,

- 1 flowseter on the instrument compressed  alr distribution wysties *

{1CADS] in each containament,

- 1 atsospheric-pressure transducer.




o=

> 2 o e s @ SRE® Pmimps e a\e
wpeter on the instrmuxent cocopressed @air distributior Lugrp~

%
-

Q
ICADS) 4{in each containzer
- 1 atpospheric-pressure transducer

m'mmy and {peuee Bes St T YIS TIpReY

BT NBEIRIEL sti00 cycle ia O METAIEPAL) At Uhe operetocis
Jest, the evolution of the gas B8Aass {inside the contairment can be
rred in real time when leaks are looked for.

RESULT ANALYSIS

™e SEXTEN system confirsed that leakage problesms may sometimes occur in
the containment of opersting units. The leaks are generally located in
the circuits running @cross the containment, for instance in the plant
radiation monitoring systes, the nuclear islend vent and drain systes,
the containment gweeping ventilation sysies and the containsent
erzosphere ponitoring systes

The SEXTEN detects these problems and helps the operator to locate the
leaxs.

W""'ﬁ“’"‘"*m.mmumw.,
W&u Y rERTEN SOV Tete Tegty which pmidcw
rontainsent WASET BEOTEOT BENORSAONGY

CONCLUSIONS

™he tests performed from 1580 to 1982 Mtzcm that the Ssixge ™ate
e ®e . , with an

approxinate ény .

A continucus monitoring systes of the containment lesktightness, called
SEXTEN, has been developed by EDF. This systes has Deen installed in all =

French PWR units.

This systea detected some leakage probless 1ikely to occur oo
circuits running across the reactor building connec ted con

alr.

§
4

™his continuous monitoring complements the tests performed tO BMessure
leaxage rates at the LOCA pressure and improves the ¢
cantributing to an sdequate containment leaktightness.



Figure

Figure

Figure

Figure

Variation of the dry air Bsass, ebsolute temperature, parti.al
pressure of water, and absolute pressure in 8 containment duritg e
leak rate test.

Typical variation of the pressure {in & cortainment in cpere:.on,
versus time )

Exasple of the variation of containsent leax rate versus
containment differential pressure

Diagraz ¢f the SEXTEN system
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'has been installed in an operating unit in august 1993 and a second one might be installed in the

i

H
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. INTRODUCTION ‘
e containment leaktightness is essential 1o the safety of PWR nuclear power plants. This was |
strated by the T™M! accident, where the containment efficiently played its pant in preventing the

ase of radwactve matenals 10 the atmosphere.

e containment leaktightness s usually checked before the unit is started and, then, periodically by
dorming integrated leak rate tests. In France, these tests are carried out before the plant startup,
ring the first refuelling and, after, every ten years uniess a degradation in the containment leak rate

detected. Al these tests are performed at full LOCA pressure. Tests on containment isolation valves
re also performed every year.

hoospcte these checks, we observed some abnormal behaviors of containment pressure, due to leaks,
in operation. It was decided 10 check the containment leaktightness on a permanent basis by installing
a continuous monitoring system : the SEXTEN, working during the unit operation.

This system is called “SEXTEN 1* is used to monitor about 50 containments and its cumulated time of
operation is about 250 reactor-years.

A new version of the system is now under development, it is called the "SEXTEN 2°. A first prototype

course of december 1993.

2 - FIRST TEST IN OPERATION

The first containment leakage rate tests in an operating unit were performed in 1980. They were
caried out in a plant where the containment pressure had an abnormal behavior : it was influenced by
the variations of the atmospherc pressure instead of beeing stable.

An instrumentation was installed inside the containment during an outage and connected to an
automatic monitoring system. For measuring the containment leak rate, we used the same method as
for the integrated leak rate tests performed at LOCA pressure, thal is the "Apsolute Method". This
method depends on the measurement of the pressure, mean temperature and mean water-vapor
pressure :nside the containment.

The results of these tests are shown in Figure 1

the curve dM/M describes the modification of the dry air mass in the containment versus time. The
slope of this curve represents the containment leak rate.

The curves dT/T,, dP/(P-H)g, dH/(P-H), respectively descnbe the evolution of the absolute
temperature, absolute pressure and water vapor pressure inside the containment, dunng the test.

The containment was pressurized with air to a 50 mbar (0.7 psi) overpressure. Dunng the first phase of
the test, the system recorded a decrease in the air mass corresponding 1o a leakage rate of 21 m*/n
STP at a 52 mbar overpressure. We then tried to localize the leak by closing valves on containment
penetrations. At last, the Plant Radiation Monitoring System (PRMS) was closed and we quickly
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noticed a modification in the dM/M curve (end of phzse 1) . the system measured 4 gas entrance into

e — —— e rt— . —

the containment of about € m3/h STP (phase 2).

As the plant radiation system could not be Isolated during a long period, we had to put it in operation
again (phase 3). Then, the system measured a global leak rate of 13 m3h STP at a 37 mbar (0.5 psi)
overpressure. The gas entrance was due 1o the Service Compressed Air Distribution System (SCADS)

which had not been closed after the unit outage. This system was isolated and an immediate
modification of the dM/M curve was observed (phase 4).

One hour later, the Plant Radiation Monitering System was again isolated and we measured a
containment leak rate of 0 m¥h STP at a 33 mbar (0.5 psi) overpressure.

In conclusion, the system detected a ieakage through the Plant Radiation Monitonng System and an
undesired air inleakage into the containment through the Service Compressed Air Distribution System.
This first test, therefore, demonstrated that integrated containment leakage rate could be measurad

during unit operation with an accuracy sufficient to detect leakage problems that may occur this type of
component.

3 - STUDY AND DEVELOPMENT OF A LEAK MONITORING SYSTEM

“ollowing this test, another containment of a different type was instrumented and measurements were
recorded for approximately one year from 1981 to 1982. The same measunng method was used and
59 temperature sensors, § Nygrometers and 1 pressure sensor were installed Inside the containment,
The flow rate of the Instrument Compressed Air Distribution System was also measured : the
“ompressed air used by the air operated valves beeing released into the containment.

The containment was leaktight and the results of this test were used for studying and defining a
simplified measurement instrumentation which served as a reference to build a prototype monotonng
system, called SEXTEN (from the french words : “"Surveillance en EXploitation du Taux de fuite des
ENceintes” - In Service Moanitoring of Containment Leakage Rate). Three prototypes were installed in

units in order to be perfected and validated. In 1985, it was decided that all french units would be
equipped with this monitonng system.

Conceming containment leaktightness testing, EDF's policy is the following :

- lests are performed at full pressure every 10 years, this interval being reduced it a major
degradation of the leak rate is observed.

* the leaktightness is continuously monitored in operation, thanks to the SEXTEN system. The leak

fate at 60 mbar overpressure must be below § Nm?/h (900 MW piants). This criterion was agreed by
our Safety Authorities.

We think that both methods are complementary, and that they cannot replace each other,
We think that continuous monitoring is necessary because EDF's experience feedback shows that a

leak may occur at any time during a fuel cycie (for instance in valves which are operated durnng the fuel
Cycle).




4 - CRITERION CONCERNING LR§0

A criterion conceming Lr60 was proposed. It is not Dasec on an interpolation of the cnterion used for
global integrated leak rate testings, because such intepolated value depends on many parameters
which we do not know (size of leak, type of flow, for instance) Some check valves may be more tight at

full pressure than low pressure and the possibie values will be too small 10 be measured by the
SEXTEN system.

The criterion corresponds to the role of the SEXTEN system, which is not to replace the tests at fuil

pressure but to detect an abnormal state of the containment leaktightness due to an operator error ora

failure, in operation, of a component in a system parnicipating to the containment leaktightness. The
cntenon is based on the SEXTEN accuracy
operation.

and on our experience conceming containment leaks in

In France, in 900 MW units, the leak rate at 60 mbar overpressure (Lr60) must be below 5 m3'h STP
it LrB0 is in the range of 5 to 10 m3/h, the personnel is bound to compiete a leak localization procedure

If Lr60 is above 10 m3/h STP, the leak shall be localized and repaired within 10 days, otherwise a cold

shutdewn must be performed, unless the leaks are located in systems which are closed when the
containment is isolated.

This critenon was agreed by our Safety Authonties and the SEXTEN System is considered as an
“Important for Safety* system.

5 - SEXTEN OPERATING PRINCIPLE

SEXTEN on-line leakage detection in containments 'S based on the fact that the pressure nside the
containment goes up and down due to the air from the Instrument Compressed Air Distnbution System
(ICADS) beeing consumed by the air Operated valves inside the reactor building. The evolution of the

pressure is of a “saw-teeth” type, one pressure Cycle lasts about 20 days in french PWR and the
amplitude of the pressure vanation is of 100 mbar (1.5 psi)

This vanation of the pressure inside the containment induces variations of the flow rate of a possdie
leakage through the containment.

The diagnosis of the containment leaktightness performed by the SEXTEN is based on the anatyss of

the evolution of the containment leak rate as a function of the containment pressure, dunng
pressurization cycle.

This evolution is estimated thanks to continuous penodic measurements of the containment leak rate
and coatainment pressure. The measurement period is 24 hours in France. The diagnosis is based on
the analysis of a curve presenting the measurement points (pressure, leak rate) for pressunzason
cycle(see figure 2).

SEXTEN calculates the siope of this curve which enables the calculation of the containmant leak rate
for a 60 mbar overpressure (Lr60). In EDF 900 MW units the containment leaktightness is conssderad
adequate when L0 is below 5 Nm3/h.

f
|
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SEXTEN also calculates the containment leak rate when its pressure is equal 10 atmesphenc pressure |
! |
& (Lr0). Then, the leak rate must be nil. In fact the measured L0 gives indications conceming |

measurements errors of abnomai gas releases inside the containment. !

When a leak is detected, the SEXTEN is used as an aid for leak localization. The real-time pictting of
! the evolution of the gas mass inside the containment enables to see how the closing of systems or the
repair of components attects the containment leakage rate (see figure 3)

The SEXTEN 1 and SEXTEN 2 use the same jnstrumentation. The main differences between the two
systems are given into the chapter 8

The same theoretical measuring pnnciple is used for both systems and the measurements
uncertainties are equivalent. For a 900 MW unit containment (free volume of about 50 000 m?), the
average uncertainties with the SEXTEN system are - 1,3 m¥/h STP over a 24-hour measurement

period for ntainment leak fiow rate and 0.8 mh STP for the assesment of Lr60 over a
containmen, Jre cycle.

6 - CHARACTERISTICS OF THE SEXTEN
The following instrumenta sed

* 1 absolute pressure tranducer,

* 10 temperature sensors,

* 2 dew point sensors,

» 1 flowmeter in the ICA™  stem,

% + 1 atmospheric pressure tranducer.

|

‘

SEXTEN 1 is essentially a measurement device. Its accuracy is good and the problems of metrology
and instrumentation are solved in a satisfactory manner. However, the possibilities of the SEXTEN 1
computer (HP 85) are limited, thus the man-machine interface is simple, and there are few possibilities
of data storage and data reprocessing.

A second version of the SEXTEN system, which is called SEXTEN 2, i1s now under development. This
system consists of a modem computer (HP VECTRA), a modem data logger (HP 75000) and a new
software written in C language. The measuring instrumentation is the same as for the SEXTEN 1.

The SEXTEN 2 software will include a lot of improvements | new commands, more compiete results
presentation, historical records, better diagnosis functions, more performant sensor failure detection,
automdtic detection of a modification of the containment leak rate, data reprocessing, etc. The
SEXTEN 2 is being developed according to a Quality Assurance programme.

One prototype of this SEXTEN 2 has been installed and the second one might be in the course of
december 1993. But, not to wait for a long time to change the hardware of SEXTEN 1, we have
developed an ADAPTED SEXTEN 1 SOFTWARE. The instrumentation (sensors) and equipment are
the same as for SEXTEN 2. Only the software is different. It's written in HP IBASIC language.

T DT ——————————— e L T T e A e



7-ADAPTED SEXTEN 1 SOFTWARE

. - " mbimane i & - - Y e e - - P -
he man functions of the ADAPTED SEXTEN 1 SOF WARE are the follow ng
24-hour penod corresponds to the french measurement penod
* choice of the containment 10 be tested
¢ automatic pre-test of the measurement part (sensors. wires Jala logger, voitmeter) and the
[ a0 T - e ™ ~ r 2 obdm - SEYTEAM - "o i - -~ o »
ardware (printers) before starting the SEXTEN on-line monitorir 3 function, A wnlten report indicates
the equipment which is troubled
automatic periodic simplitied test of the system dunng the continuous monitonng (every 24 hours

written report in case of trouble,

measurement of the containment leak rate, its uncenainty and the containment differentia
. 5 re T o . ¢ s . 5 - \ - | - b - . - -
every 24 hours. These measurements are invalidated if the uncertainty ie 100 high

assessment of Lr60 and LrO first values and their .incenrainties. after five valid "24-hour

ne et
pj"f"“ DUS

These values are more precisely recalculated after each subsequent valid 24-hour period

automatic detection of a containment pressurization Cycie end. Automatic calculation of L0 and LrC

> W

and their uncertainties. Plotting of the curve presenting the containment leak rate as a function of |

81

containment pressure,

automatc detection of the begining of a new pressunzation cycle. The calculations are reset 1o begin

a new Lm0, Lr0 measurement cycle

. e - 4 - P PR o - gt o 02 ’
automatic data storage or PRy aisk. This tion is automatically disabled or reinitiated depending
on whether a tloppy disk is present or not in the drive

autormnatic control of the presence of pnnters. An unavailable printer does not interrupt the monitonn

at operalor request, plotting of the evoiution of the air mass inside the containment for the last 30-
hour penod, as an aid for leakage detection

at operator request, measurement of the containment leak rate and the containment differential
pressure durnng any period in the preceding 72 hours

at operator request, pnnted report of the sensor measurements,

man-machine interface : the scicon (2 lines of 40 characters) and the keyboard (compiete
alphanumenc keyboard with function keys, ~f the HP 75000 are used in a conventional way 1o stan
the system : the operator uses the keyboard .0 configure the system, following the instructans
presented on the screen. Then the SEXTEN automatically performs leakage monitoring, no operator
assistance is needed. It the operator has a request, he uses the functions keys without interrupbing
the continuous monitoring. This version is an improvement compared to the present SEXTEN 1 man-
machine interface, which is based on pnnter messages, LEDs and function keys

sk T EEE Y SROSRRIREEERIRE e

Y |
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- data logger | HP 75000 B equipped with @ HP £ 1326 voltmeter, WP E 134
IBASIC controiier, 20 Mbyte hard disk and 3" 1/2 floppy disk dnve

in

L » ~ - I~
A relgy myihplexer, |

- laser pnnter and inkjet printer
When the SEXTEN 2 will be completed the following extra hardware will be necessary

* computer HP VECTRA 386/25 equipped with 3- 1/2" floppy disk drives, 2 Mbyte RAM, parallel/serial
port, DOS 6.0

¢ HP 82 335 A HPIB interface.

't will be very easy to reach a SEXTEN 2 from an ADAPTED SEXTEN 1

8 - QA REQUIREMENTS

The ADAPTED SEXTEN 1 SOFTWARE has not been developed according to a QA programme. ts

Quality is based on the long expenence we have with this software and on the tests we have perormed
in OUr premises.

The SEXTEN 2 is being developed according to a QA programme

9 - CONCLUSIONS

The tests performed from 1980 to 1982 in some french PWR units demonstrated that the leakage rate
of a containment can be measured, while the plant is in operation, with an acceptabie level of
uncertanty.

A continuous monitonng system of the containment leaktightness, called SEXTEN, has been
developped by EDF. This system has been instalied in all French PWR units. It is able to measure the
containment leak rate of 900 MW units with an uncenainty of about 0.8 mh STP, at the end of a
20-day containment pressurization cycle.

A criterion conceming the allowable containment leak rate in operation has been determined The
system is considered as an "Imponant for Safety System* by french Safety Authonties

This system detected some leakage problems likely to occur in operation on certain systems which can
provide a direct connection between the inside and outside atmosphere of the containment.

The SEXTEN System enables condition monitoring and leak diagnosis of components (mainly valves)
participating to the containment leaktightness.
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1. Infroduction

2. Tests at accident pressure

3. Tests at elevated pressure

4, Test methods

5. Tests Qi reduced pressure

6. Periodicity of the tests




2 Tests at accident pressure,

pm . {JGC}K pressure in containment

- representativeness

DL DOY



3, Tests at elevated pressure
Pq/2 < Pt < Pq |
10CFR 80, app. J : |
L+ : max. allowable test leak rate at P4
Ltm
Lt = -==-" La Lt / Lam <€ 0.7
Lam
| Pt
Lt = || La Lt / Lam > 0.7 |
\ Pa i

Acceptance criterion : at Pt Ltm < 0.75 Lt
atPa Lamg 0.75La

BELGIUM :

Criterion : Ltm € 0.70 === La

- independent of preoperational leak rate tests
- conservatism

Tests at elevated pressure can replace the tests

at accident pressure '

CONTLEAK. DOC
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4. Test th

4.1 Use of two methods.

1. End criterion.

If both methods OK : stop after 8 hours

2. Concordance criterion.

If difference between methods less than

0251+ - 0.1 Ultm

where
-t =(Pt /Pa ). Lg

- Lt is average of the two measurements

No veriiication test (calibrated leak test)

CONTLEAK.DOC
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4.2 Calibrated leak test.

ANSI/ANS-56.8 -1981 criterion

Lo +Llam - lc | < 0.25 Lg

-

modified for Pt < Pa

Lo +Llm -Llc |< 02514

0.75 Lt < LO <125 Lt

modified for Lo <0.75 I
Lo +Lltm -Llc | < 0.125 Lt +0.125 Lo

max (0.75 Lim. 0.1 L4) <lo <l 25 Y

CONTLEAK.DOC
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5. Tests at reduced pressure.

Goal : detect important leaks (misaligned valves,
left open valves ,... )

On-line monitoring :

- compressed air make-up
- pressure containment

- pressure outside

Qf versus VAP AP« -20 mbar -->+60mbar

CONTLEAK.DOC
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6. Periodicity of the tests.

Tests at elevated pressure (type A-tests)

10 years

Tests at reduced pressure

after each cold shutdown of more than fiffeen
days

CONTLEAK DOC
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NEW BELGTAN POSITION ON CONTALNMENT
LEAKAGE TESTING

B. De Boeck

Association Viagotte
Sureté Nucleaire

Aveaue du Roi, 157

B~1060 Bruxelles, BELGIUM

ABSTRACT
The containmeat leakage testing requiremeats (up to aow 1C CFR
50 App. J) have receatly been revaluated ia Belgium. The crite-
rioa for type A tests at half the accident pressure has been

streagthened, but the periodicity has beea relaxed. New overall
leakage test at very low overpressure have been required after
each extended cold shutdowa period. A few items of the procedure
for type A tests have been modified., It is felt that the aew
requirements {mprove the safety but also lower the burdea of the
containment leakage tests.

1. INTRODUCTION

For more thaa tean y2ars, the leakage tests of the Belgian con-
taiomeats have beea made i{a accordance with 10 CFR 50 appeadix
Jes With this experieance, aand in view of the receat developments
in Fraace aad ia the USA, it seemed usefull to reassess the
leakage tests methodology. Therefore, a working group with re-
preseactatives from the utilities, the architect engineers aad
the licensed organizatioa was set up ia 1984, The final repor:
nas been published ifa April 1986 and shows that some aspects
of the preseat methodology caan be modified and that the resul:
offers a better compromise, combiniag the safety requiremeats
aad the operatiocal ones. This paper gives the coaclusioas of
the report.
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2. TESTS AT ACCIDENT PRESSURE

Is called "accident pressure” aad abbreviated Pa, the peak pres-
sure in the coantainmeat, followiang a design basis accideat,
like mantioned in the Safety Analysis Report (definitioa ideati=
cal to the one from 10 CFR 50).

It is felt that leakage tests at accident pressure are not war~
raated. The maia reason 1s that their operatioanal burdea is aot
balanced by a clear safety benefit. The main drawbacks of these
tests are:

~ Test duratioa
The duration of such a test is clearly larger thaan the oane of
a test realised at a lower pressure (more importaat prepara-
tion, longer pressurizatioa and depressurizatioan).

- Danger

Evea if such a test does aot represeat a daangerous loadiag
for the coantaiament, Lt is nevertheless true that it lacreases
the risk of fires aad the difficulty to fight these, aand that
it increases the risk of damaging equipments {a the coataia-
ment.

- Representativeness

The Pa pressure is anot represeatative of the real pressure
{n "he containmeat after a4 desiga basis accideat, oa the one
hand because of the margias aand coaservative assumptioans taken
in the calculatioan of Pa, aad on the other hand because of the
depressuriziag effect of the containmeat cooliag systems. Some
of the type A tests performed in Belgium have showa higher
leakage rates at half Pa than at Pa.

Furthermore, tests realised at a lower pressure permit to meet
the safety objectives.

3. TESTS AT ELEVATED PRESSURE

Is called "elevated pressure” and abdbbreviated Pt, aay pressure
between Pa/2 aad Pa, Pa aad Pt being expressed in relative bars.

The 1980 editioa of the 10 CFR 50 App. J, permits to do leakage
tests at a pressure equal to the half of the accideat pressure.
The leak:tightness criterioa i{s takea from the leakage rate at
full pressure aad the oane at reduced pressure, measured duriag
the preoperational tests., Now, these measured leakage rates
are taiated with errors being bigger when the leakage rate (s
lower, which 1is geaerally the case. One calculates then the
ratio of the two leakage rates, aand depeading oa the result, oae
uses for the criterioana, either the ratio itself, either the

RN R Sr—— i - = Pa— & R e R £ A
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square toot of the ratio of the pressures. If the ratio 9of the
leakage rates 1s used, oae has seen that this ratio is not kaown
with accuracy, but evea if it were the case, thea aothiang fadica-
tes that it remains constant duriag the entire life-spaa of the
contaiameant. Oa the other hand, the square root of the vatino of
the pressures does aot represeat the most pessimistic extrapola-
tion law which can be obtaiaed.

This does not imply that one should reject tests at a pressure
lower thaa Pa, but rather that (t is8 necessary to establish
a more satisfactory criterina. The anew Belgian criterion is:

Pt
Lem £ 0,75 e La
where - La is the leakage rate coansidered ia the accident analv-

sis
- 0,75 is aa arbritary factor to cover the possible rise
of the leakage rate in the {iaterval betwegan ftwo Lests
-~ Ltm 4is the 95% upper coafideace limit of the measured
leakage rate (appeandix B of ANSI/ANS-56.8-1981 can bHe
used to calculate this limit).

The extrapolation law of the leakage rate with the pressure,
used ia this criterion, 1is the one of the ratio of the relative
pressures., This law 1is close to the law of the lamianar flow,
which gives the strongest variatioas of the leakage rate
fuaction of the pressure. This law does act take ianto considera-
tion the leaks with a threshold effect., Yet, the i1afluence ¢
such leaks is considered to be weak, as preoperatioaal tes:s
have showa.

To coaclude, tests at elevated pressure can replace the cests
at accident pressure if (1) the law of the ratio of the relative
pressures 1s used to extrapolate the leakage rate aad {f (21!
the test pressure is at least equal to Pa/2, There 1is ao thes-
retical justification for the factor 2, but it seems desirab.e
to test the coatalameat at a pressure which 1is (1) aot too d1!-
fereat from the maximum pressure expected ia the containmea:
after accideat, which (2) permits to measure the leakage rate
with a reasonable accuracy, and which (3) limits the spaa Jsa
which the leakage rate has to be extrapolated.

4., TESTS AT REDUCED PRESSURE

4.1 Priaciple

In addition to the tests at elevated pressure, it 1is possible 22
perform leakage tests at a reduced pressure (i1.e, lower thaa
Pa/2), duriang operation. Such tests are 1ia use ia Fraace 8214
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have beea performed experimentally ia Belgium, The decision
has beea takea to do them periodically (see § 5). The goal of
these tests 1s aot to measure accurately the leakage rate of the
coatafameant, but to detect aay gross leakage path,

Ia aormal operatioan, the pressure {n the reactor building has
4 teadeacy to increase owiag to the leakages of the compressed
air system. If one measuves the flow of facoming air, the pres~
sure, the temperature and the humidity 1ia the buildiag, it 1is
possible to calculate the leakage rate. For a typical test, the
pressure is allowed to go from - 20 mbar to + 60 mbar. This
exteads oa few days aad measurements are takea every hour.

Syabols:

Q flow of Lacoming gas (NmB/h)

P absolute pressure ia reactor buildiag (mbar)
1 absolute temperature {ia reactor buildiag (*K)
X absolute humidity ia reactor buildiag

(kg of warter/kg of dry air)
Pv: partial pressure of water vapour (mbar)
V i quaatity of dry air {a reactor bui&dlng (Nm ™)
Vr: free volume of reactor buildiag (m”)

One has:
v > ¥ . X
0.622 + X
- 9
aand v o= Yr . P Pwv 273

1013 i T

This computation {s done at a regular laterval delta t, and each
time one computes delta V, the differeace betweea V at time t aand
t - delta t. The leakage flow is then:

Qf-Q-—é—Y._

a4t

At each time step one measures also delta P, the differeatial
pressure betweea the reactor buildiag and the outside. The va-
lues of Qf are thea plotted ia functioca of the square root of
delta P (Qf is expected to be proporticaal to the square root of
delta P). A straight liae is thean computed by the least squares
method aad traaslated to go thru the poiat Qf = 0 for delta P =
O. The value of Qf for delta P = 60 mbar (Qf60) is thea compared
with the criterion.
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This criterion {a Belgium is 17 Nml/h, which corresponds to a
circular hole of | cm i{a diameter., This value was chosea oa the
basis of the accuracy of the method used yp to aow, the goal
beiag to minimize, oa one haand the probability of aot detectiag
aa lmportaat leak, aand oa the other haad, the probability of
startiag a search for a aon existeat leak.

4.2 Experimental results

Tests have been performed 1a 1985 atc Tihange 1| aad 2, aand Doel
3, to show the feasability of such tests, Some results are givea
below, Tests have been done with a aormally isolated coataian-
meat, like it is ia operatioa, and also with differeat leakage
paths., A few times, the leakage flow has been measured with a
flowmeter ianstalled oan the leakage path.

[t should be noted that for tests 8 aand 9, there were head losses
in the line {an addition to the 3/4" flow restrictor.

TABLE 1
N? UNIT f opening Q£60 N2 /h Qf}ac delta P
Nm“/h 1 mbar
1 Tihange 1 / 3.1 :
2 Doel 3 / - 8.6 :
3 Doel 3 / 4.3 I
4 Doel 3 / - 1.0 '
5 Tihange | 7 om 11.0 1 : 60
6 Doel 3 3/8" 18.8 i
7 | Deel 3 3/8" 22.5 Mk TR
20 : 8
8 Tihange 1 | O-p3/4" 0,7/28.1 i
Tihange | 34" 32.5 33, 60
10 Doel 3 3/4" 94.7 3,9
"

I, S Iy s R N =N ————
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The coaclusioas of these tests ara:

- small holes caa be detected, the detectability limit i{s at
arouad 10 Nmld/h, or a4 hole of 7 amm in diameter

~ the accuracy of the method 1is good, as caa be seea from the
measured leakage flows (based on the square root of the ratio
of the pressures, the flow extrapolated at 60 mbar is 25 Nmld/h
for test 7 aad 88 Nml/h for test 10Q)

= it is importaat to accurately measure the Cemperature aand
humidity variatioas {n the coatainmeat duriag the tests.

-~ a pressure raage from - 20 mbar to 50 ambar is to be coasidarad

as a minimum to get a good accuracy, especially for small
holes.

5. PERIODICITY OF THE TESTS

It is uanlikely that the contaiameat, apart from the penetratioans,
will chaange significantly on a time scale shorter than ten
years., Experience from the Uaited States shows that whea a test
at elevated pressure fails, it is nearly always due to oae or
more leakiang penetratioas.

1f one dissociates, for the test at elevated pressure, the func-
tion which verifies the leak tightness of the contaiameat itself
from the function which detects holes left inadverteatly, then a
periodicity of 10 years is acceptable for the tests at elevated
pressure, The second fuactioa would then be realised oa the
one hand by the periodic tests of the penetratioas (type B and C
tests), aad oan the other haand by the tests at reduced pressura,
These should be done whea a possibility exists of haviag a loss
of leaktightness of the coataiameat. In Belgium, a test at redu-
ced pressure will be done after each cold shutdowa of more thana
fifteen days.

6. MISCELLANEOUS

6.1 Use of two measuriag methods ian parallel

Ia Belgium, the overall leakage rate tests are usually performed

with the absolute method and the refereace vessel method. These
two methods are practically iadependeat and their results caa
thus be used for mutual validation., Therefore it 1is aot always
necessary aor to pursue the test for 24 hours, aor to perfora
the calibrated leak test to verify the accuracy of the measures.



] S hEm e e LY e Em—h T . L L e T e e I e s & R T T T ——

l, Ead criterioa.

If both methods €furnish, over a period of at least 8 hours
aad with at least 30 measure poiats, a leakage rate value
which meets the criterion presented ia § 3, thea one may eand
the measuremeat,

2. Coacordaace criterion.

It 18 aot Aecessary to ianitiate a verification test (for
example: calibrated leak) (f at the end of the measuriag
period the differeace betweea the leakage rates measurad by
each of the two methods over the last 8 hours is less thaa:

0.25 LC = Ool Ltm

Pt
Pa

where: = Lt = La

- Ltm is the average of the two measuremeats of the
leakage rate,

This criterion is largely arbitrary.

The priaciples which have led to its establismeat are the
followings The fixed term (0.25 Lt) is drawe from the suc-
cess criterion of the calibrated leak test of ANSI/ANS-~56,.8~-
1981 (see § 6.2). The proportiocoaal term (0,! Ltm) forces to a
better coacordance whea the leakage rate is close to the ma-
ximum admissible value, Ia that case, it 1s iandeed more use-
ful to be sure that the leakage rate 1is correctly measured
thaa ia the case where the leakage rate is well below the
¢criterion. In total, one obtaias a concordaace criterion
which 18 consisteat with the expected accuracy of the measu-
riag methods used uatil now aad which offers a reasonable
guaraatee that the leakage rate is correctly measured.

6,2 Calibrated leak test

I1f, duriag & leakage rate test at elevated pressure, oaly oane
measurinag method is used, or {f the coacordaace criterioa men~-
tioned 1a § 6.1 1is not met, it 1is aecessary to perform the ca-
librated leak test (or an equivalent test), The success cri-
terion of this test, laid dowa ian ANSI/ANS-56.8~1981, 1is oaly
applicable ia case the test pressure is equal to Pa aad the
superimposed leak is equal to about La.
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To recall, the success criterioa of this test is the followiag:
ILte + Lam - Lel & 0.25 La 1
é where =~ Lo is the superimposed leakage rate

- Lam 1is the leakage rate measured before the calibrated
leak i{s put fato service

_ = Le is the leakage rate measured after the calibratsd
i leak is put iato service
The following conditions have to be met to use this criterinn;

- Pt = Pa
-~ 0.75 La £ Lo & 1.25 Lt

It is easy to adapt this criterion ia case Pt ¢ Pa

|Lo #+ Lta ~ Lel ¢ 0.25 Lt

where Lt = —35— La
Pa

The conditions for application are:

-~ Pa/2 £ Pt £ Pa (relative bars)
- D.78 Lt £ Lo £ 1.25 Lt

1f one chooses to take Lo lower thaa 0,75 Lt, this eritertion
looses 1ts sense because it becomes too easy to meet. [t L4
P therefore necessary to adapt it. The following adaptation i«
- proposed:

1 Lo + Ltm - Lel & 0.i2> L. + 0,125 Lo

\ The conditivas for application are:

- Pa/2 & Pt £ Pa (relative hars)
~ max (0.75 Lrm; Q.1 Lt) £ Lo & 1,25 Lt

This criterioa has the following advaatages:
= 4t remains simple

~ it adapts itself to the value of Lo
= it 18 close to the ANSI criterion when Lo 18 close to Lt

e W e

wants to have a calibrated leak which remains 1ia the measurabdle
raage, aad that (2) the factor 0.125 {s chosen arbitrarily equa!
to half the factor 0.25 of the uacorrected criterioan.

1
!
!
One caa note that (1) Lo may aot be lower thaa 0.1 Lt 1if oae i
1
!
:
|
1
!



- B T I T T L R R T R N e T e, [y oy e

6.3 Extrapolatioa of the leakage rate

According te the law ode chooses to characterise the leaks of the
contalament, one obtaians differeat relations between the leakage
rate at test coanditions and the leakage rate at accideat condi=-
tions. The most coanservative law (s that of the flow of a vea-
turi, which reswlts in a leakage rate after accident 1.4 times
higher than in test coaditicas (at the same pressure).

The French use, for their plants with liocers, the law of the
turbuleat flow ia a rough pipe, which 1s a little less coassrva~
tive and gives a factor (.35,

In France, the criterioa is thus:

15 0.5
".TS‘"‘" La = .96 La

o

Lam £

It is on the other hand useful to noteée that the factor 0.75
of the relatioa

Lam £ 0,75 La

{ of Appendix J of 10 CFR 50 18 aot a factor to cover aa extrapo-
lation of the leakage rate towards accident coaditioas, bdut
actually a margin to cover a possible rise of the leakage rate
until the next test.

Stilil, in Belgium, for the calculatioa of the radiological coa~-
sequences of a LOCA, {t 1s supposed that the leakage rate of
the coantainment stays at {its maxiomum value duriag 24 hours aand
is thereafter reduced to half of that for the remaianing time,
whereas the pressure in the coantainmeat s rapidly brought dowan.
Consequently one disposes here of an {importaat coaservatism.

To coaclude, as long as these assumptions are coaserved for the
calculation of the radiological coansequences, it is not necessary
{a the criterion of § 3, to iaclude a supplementary factor to
cover the rise of the leakage rate during accident conditioas.

7. CONCLUSIONS

The establismeat of a workiag group composed of represeantatives
from the utilities,;, the architect englineers and the licenced
; organisation, to treat a precise techaical subject, has led to
the proposal of a anotable improvement of the strategy applied to
the overall leakage rate tests of the coatainment,
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The main lamprovemeats are:

»

shorter tests (oa the condition to use two iadepeadent measu-
tiag methods)

an lacreased confideance in meetiag the objective of leaktight-
aness (through the use of a criterion iadependent of the preo-
perational tests aad based on a conservative extrapolation law)

an iacreased coafideace ia maiataiatag the leaktightaess of the
coataiameat duriag operatioan, despite a lower frequeacy for

the tests at elevated pressure (by performing tests at reduced
pressure duriag reactor operation).
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REPORT OF THE WORKING GROUP
ON CONTAINMENT LEAKAGE TESTING

[« INTRODUCTION

After tea years of operatioas of the first Belgiaa auclear uaicts,
it seemed wuseful to use the accumulated experience on leakage

tests of the reactor buildiag, to revaluate the methodology {n
this field.

To this ead, a wvorking group composed of representatives from
the utilities,the architect eagineers and the liceansed organiza-
tioan was set wup around mid=-1984, Six meetings have takea plaze
between the end of 1984 and the beglaniag of 1986, The list of
the participaants 18 given ia appendix.

Uatil aow the American methodology has been used i{ian Belgiua.
This report shows that certaln aspects of this methodology caa
be modified and that the result offers a better compromise coms~
biniag the safety requirements and the operational ones. As far
as the aspects which are anot treated in this report are coacer=
aed, the American methodology coatinues to apply. On the other
haad, the group proposes to endorse the deviations accepted
until aow in this field.

II., TESTS AT ACCIDENT PRESSURE

Is called "accideat pressure"” and abbreviated Pa, the peak pres~-
sure in the coataiament, following a design basis accident, like
mentioned ia the Safety Analvsis Report (definition identical to
the one from 10 CFR 50).

It i3 not desirable to make the leakage tests realised at the Pa
pressure mandatory after the start~-up of a auclear uait., They
actually preseant drawbacks which are not balanced by evideat
advantages. These drawbacks are:
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~ Test duration
The duratioa of such a2 test is clearly larger thaan the one f
a test realised at a lower pressure (more important prepara-
tion, loanger pressurization aand depressurization).,

= Danger
Evea 1if such a test does aot represeant a dangerous loadiag for
the containmeant, it 1is nevertheless true that {t {iacreases the
risk of fires aad the difficulty to fight these, aad that it
increases the risk of damaging equipments 1ia the coatainmeat,

- Representativeness
The Pa pressure is anot representative of the real pressure
in the coatainment after amn accideat, oa the one haad bhecause
of the margians and coaservative assumptions takea in the cal~
culation of Pa, and oa the other haand because of the depressu~
rizing effect of the covatalament cooliag systems.

Furthermore, tests realised at a lower pressure permit to meet
the safety objectives,

IITI. TESTS AT ELEVATED PRESSURE,

Is called "elevated pressure” and abbreviated Pt, aay pressure
between Pa/2 and Pa, Pa and Pt being expressed ia relative bars.

The 1980 editioa of the 10 CFR 50 App. J, permits to do leakage
tests at a pressure equal to the half of the accideat pressure.
The leaktightness criterion (s taken from the leakage rate at
full pressure and the one at reduced pressure, measured duriag
the preoperational tests. Now, these measured leakage rates
are tafianted with errors beif{ang bigger when the leakage rate is
lower, which 1is generally the case, One calculates thea the
r>.1i0 of the two leakage rates, aand depeading on the result, one
uses for the criterfon, either the ratio itself, either the
square root of the ratio of the pressures. If the ratio of the
leakage rates is used, oane has seea that this ratio 1s not kanown
with accuracy, but even if {t were the case, then aothiang indica-
tes that {t remains coastant durfing the eatire life-spaan of the
coantainment. On the other hand, the square root of the ratio of
the pressures does aot represent the most pessimistic extrapola-
tion law which can be obtained.
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This does not Llaply that ode should reject tests at a bpressure
lower thaa P33, but rather that {t 1s necessary to establish
8 more satisfactory criterioa, The proposed criteriocan Ls:

Pt

Lta § 0,75 52

-a

where - La 1s the leakage rate considered in the accident analy-
sis
- 0,7% is aa arbritary factor to cover the possible tise
of the leakage rate {in the 1interval between twg tests
- Ltm 1is the 952 upper coanfideace limit of the measured
leakage rate (appeadix B of ANSI/ANS~56,8-1981 can be
used to calculate this limit).

The extrapolation law of the leakage rate with the pressure,
used 1a this criterion, is the one of the ratio of the relative
pressures, This law 18 close to the law of the laminar flow,
which gives the stroagest variatioas of the leakage rate ia
function of the pressure. This law does not take iato coansidera-
tion the leaks with a threshold effect, Yet, the iafluence of
gsuch leaks i8s considered to be weak, as preoperational tests
have shown.

To coaclude, tests at elevated pressure caan replace the tests
at accident pressure 1f (1) the law of the ratio of the relative
pressures 1s used to extrapolate the leakage rate aand {f (2)
the test pressure 1s at least equal to Pa/2. There is no theo-
retical justificatioa for the factor Z, but 1t seems desirable
to test the containment at a pressure which is (1) aot too dif-
fereat from the maximum pressure expected in the contaiameant
after accident, which (2) permits to measure the leakage rate
with a reasonable accuracy, and which (3) limits the span on
which the leakage rate has to be extrapolated.

IV, USE OF TWO MEASURING METHODS IN PARALLEL

In Belgium, the overall leakage rate tests are usually performed
with the absolute method and the refereace vessel method, These
two methods are practically indepeadeat and their results caan
thus be used for mutual validation. Therefore it 1is not alwavs
necessary aor to pursue the test for 24 hours, aor to perform
the calibrated leak test to verify the accuracy of the measures.
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l. Ead criterion.

If both methods furalsh, over a period of at least 8 hours
and with at least 30 measure points, a leakage rate value
which meets the criterion preseanted {a § III, thea on2 may
end the measurement.

2. Coacordance criterion.

It is not aecessary to initiate a verification test for
example : calibrated leak) {f at the ead of the measuriang
period, the differeace between the leakage rates measured bv
each of the two methods over the last B8 hours 18 less than

0.25 Lt = 0.1 Ltm

Pt
where: - Lt —F:~ La

= Ltm 183 the average of the two measurements of the
leakage rate,

This criterion is largely arbitrary. The principles which
have led to {ts establisment are the following., The fixed
term (0,25 Lt) is drawa from the success criterion of the
calibrated leak test of ANSI/ANS-56,8-1981 (see § V), The
proportional term (0.1 Ltm) forces to a better concordance
whea the leakage rate is close to the maximum adumissible va-
lue. Ta that case, it is tandeed more useful to be sure that
the leakage rate 1s correctly measured thaa ian the case where
the leakage rate 1is well below the criterioa. Ia total, one
obtains a concordaace criterion which 1s consistent with the
expected accuracy of the measuriang methods used until now aad
which offers a reasonable guaraantee that the leakage rate (s
correctly measured,

V. CALIBRATED LEAK TEST

1f, durtiag a leakage rate test at elevated pressure, oaly one
measuriang method 18 used, or {f the coancordance criterion mea-
tioned ian § 1V.2 1is not met, it {is necessary to perform the
calibrated leak test {(or aa equivaleant test). The success cri-
terioa of this test, laid dowa 1ia ANSI/ANS~-56.8-1981, 41s onlv
applicable 1na case the test pressure is equal to Pa aand the
superimposed leak 1is equal to about La.

PN | eyl
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To recall, the success criteriocoan of this test is the followiag :
Lo + Lam = Le | & 0.25 La :

where = Lo is the superimposed leakage rate ,
= Lam is the leakage rate measured before the calibrated |
leak 18 put lato service
-~ Le 1is the leakage rate measured after the calibrated
leak is put 4{nto service !

The following coanditions have to be met to use this criterion:

-~ Pt = P
» 0.75 La & Lo £ 1.25 La

~

It is sasy to adapt this criterion fa case Pt £ Pa

|Lo # Ltm - Le| & 0,25 Lt
1
: |
where Lt = £ La
Pa

The conditions for application are
- Pa/2 £ Pt £ Pa (relative bars)
= 0475 Lt & Lo £ 1,25 Lt

If one chooses to take Lo lower than 0.75 Lt, this criterion
looses its sense because {t becomes to easy to meet., It is there-
fore necessary to adapt it, The followiag adaptation is proposed:

Lo + Ltm - Le| &€ 0.125 Le + 0,125 Lo
* The coaditions for application are:

- Pa/2 £ P+ £ Pa (relative bars)
-~ max {(0.75 Letm; O.! Lt) £ Lo & 1,25 Lt

This criterioa has the following advantages:

l
]
i
|
|
I
|
|
!
-~ {t remaios simple
= it adapts itself to the value of Lo
= 4t 48 close to the ANSI criterion when Lo is close to Lt i
i
|
|
|

Dae can aote that (1) Lo may aot be lower than 0.1 Lt 1f one
wants to have a calibrated leak which remaios 1ian the measurable
raage, and that (2) the factor 0.125 4s chosea arbitrarily equal
to half the factor 0,25 of the uacorreccted criterion,




Vi. EXTRAPOLATION OF THE LEAKAGE RATE BETWEEN THE TEST CONDITIONS
AND THE ACCIDENT CONDITIONS,

According to the law one chooses to characterise the leaks of the
containment, one obtains differeat relations between the leakage
rate at test conditions and the leakage rate at accideat coadi~-
tioase. The most conservative flow 1s the flow of the venturi
tvpe which results 1a a leakage rate after accideat 1.4 times
higher than {n test conditicas (at the same pressure).

The French use, for their plaats with liner, the law of the tur~-
buleanat flow ia a rough pipe, which is a little less consarvative
and glves a factor 1,35, In France, the criterion 1is thus

ian £ —-‘f—:——;—-g—— La » D56 La

It 13 on the other hand useful to aote that the factor 0D.75 of
tte relation

Lam £ 0,75 La

of Appendix J of 10 CFR 50 i{s not a factor to cover aa extrapo-
lation of the leakage rate towards accident coanditioans, bu:
actually a margin to cover a possible rise of the leakage rate
uatil the next test.

Still, 1n Belgium, for the calgulation of the radiological coa-
sequeaces of a LOCA, it is supposed that the leakage rate 2f
the containment stays at Its maximum value duriang 24 hours aad
is thereafter reduced to half of that for the remaining tiaze,
whereas the pressure in the coataioment 1s rapidly brought dowa.
Consequently one disposes here of an important conservaciss.

To conclude, as loog as these assumptions are maiantained for the
calculation of the radiological consequences, it 1is aot necessarvy
ia the criterion of § III, to include a supplemeatary factor
to cover the rise of the leakage rate duriang accideat conditions,

VII. TESTS AT REDUCED PRESSURE

Ian addition to the tests at elevated pressure, it is possible o
perform leakage tests at a reduced pressure (i.e. lower thaa
Pa/2), aod where the goal {sa't aany more to mesure the leakage
rate of the contalament but to detect aan important leak.
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The Ffreach, for example, measure =z2onciauously the leaktightaess
of the reactor bullding, during reactor operation. The priaciple
of this messurement is the followiag. Ia aormal operation, the
pressure ia the reactor bulldiag has a tandency to lacrease
owing to the leakages of the compressed air system. If one mea~-
sures the flow of fucomiang air, the pressure, the temperature
and the humidity fa the building, Lt is possible to calculate
the leakage rate, These measuremeats are made with the pressure
varyiag from =40 to +60 mbar.

It i{s desirable to perform these tests once the temperatuvres ia
the reactor building are stabilized, Operational experienca2 has
showa that a period of two to three weeks was necessary to
obtain this stabilizatioan, It should thus be possible to obtaian
the result of a measurement at the latest after oae moath of
anominal temperature and pressure ia the primary circuit,

I1f such a test shows aa unacceptable leak, the acctioas to be
takea should also be specified, Givean the importance of a leak~-
tight contaiameat to reduce the coansequeances of a radioactive
release {in the reactor buildiaog, 1t 1s imperative to quickly
suppress the leak or to go to cold shutdowan.

Oan the other hand, {t 1is necessary to have the time to fiad
the Jleak, to suppress it and to redo the test, without haviag
to face transients who themselves carrvy risks.

Following tests carried out in Belgium, the proposed a.tioa
is ¢ after the startup of the unit, aad at the latest 2fter two
moaths of nominal temperature in the primary circult, it should
be shown that the leak of the contalament is lower thaan the one
resulting from a2 hole of | cam ia diameter in a plate; 1in the
opposite case the unit shall be brought to a cold shutdowa at
the ead of the two moaths,

The values iadicated in this action could be reviewed when the
experjfieace will be larger. The hole of | cum is chosea oa the
basis of the accuracy of the method used up to aow, the goal
beiag to minimize, oa the ocne hand the probability of not detec~-
ting an isportaant leak, and on the other haad, the probabilizy
of startiaog & search for a non existent leak.,



V111, PERIODICITY OF THE TESTS

It is unlikely that the coatainmeat, apart from the penetratioas,
will change sigaificantly on a time scale shorter than ten years.
Experience from the Uaited States shows that whean 38 test at ele-
vated pressure fails, it is anearly always due to one or more
leakiag penetratioans.

If one dissociates, for the test at elevated pressure, the fuac~-
tion which verifies the leaktightness of the coantaiameant itself
from the fuaction which detects holes left ianadverteantly, thean a
periodicity of 10 years 1s acceptable for the tests at elevated
pressure. The secoad fuaction would then be realised oa the oae
hand by the periodic tests of the penetratioas (type B aand C
tests), and oa the other hand by the tests at reduced pressure.
These should be done whea a possibility exists of having a loss
of leaktightness of the coantalament. It 1s proposed that a test
at reduced pressure should be done after each cold shutdown of
more than fifteea davs.

IX. CONCLUSIONS

The establisment of a workiag group composed of represeatatives
from the utilities, the architect engineers and the licenced
organisatioa, to treat a precise techaical subject, has led to
the proposal of a notable improvemeant of the strategy applied to
the overall leakage rate tests of the coataianment.

The main {improvements are:

~ shorter tests (on the condition to use twoe independent measu~
ring methods)

~ an increased confideace {an meetiang the objective of leaktight~-
ness {(through the use of a criterion indepeadeat of the preo-
perational tests and based oa a conservative extrapolation law)

- an increased confideance in maintaining the leaktightness of the
containment duriag operatioan, despite a lower frequency for
the tests at elevated pressure (by performing tests at reduced
pressure during reactor operation).
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1t was decided i Beigium in 1986 1o reduce the frequency of the type A leakage lesis of the conlanment and 1o perform
anoual low pressure leakage iesis duning reacior operation. These uests require special care if 2 good sensiuvity and thus a hugh
probability of detecung pre-exisung openings s 10 be achueved The expenence o far has been very sausfaciory The Lierature
shows that the probability of pre-exisung opemungs 3 relauvely tugh Containment leakage lesis performed dunng reacior
operauon can ugnificantly increase the probabdity of detecung pre-cxisung openungs, and therefore reduce the risk of severe

acoidents

1. Introduction

In 1986 the contaunmen! leakage tesung requare-
ments were modified in Belgium [1). Type A tests will
be performed every 10 years, but the integnty of the
containment will be venfied at least every year by a
global low pressure leakage test performed dunng reac-
tor operation. Thus test has the capability 1o detect leaks
that correspond to a hole of 0.7 cm tn diameter or more.
To achieve thus sensitivity it 15 necessary to choose the
instrumentation carefully and to follow a good proce-
dure.

Because the containment 15 an umportant factor in
mitigating the consequences of a severe acaident, it 18
necessary not only 1o assess its integnity after the acci-
dent has taken place, but also to emsure that it s
leakught before Contaunment leakage tests performed
dunng reactor operation have this capabidity. They are
therefore an imporiant step (n any severe accident rsk
reduction scheme, because the probability of pre-exist
ing openings, as documented up to now in the litera-
ture, s relatively hugh

1 Low pressure cootrinment leakage tests

It is now mandatory in Belgium 1o measure the
leakage rate of the contmnment after each cold shui-
down of more than fifteen days. Thus test is performed
dunng reactor operauon. Some ume must be allowed 10

stabilise the condiuons (temperature, hurmudity)  the
reacior building. to perform the lest, Lo correct possible
problems and in that case to perform an additional test
Therefore the requirement invoduced in the Technical
Specifications of the plants ic the following «f after two
months of mamntaining the pnmary circuit at a lempera-
ture above 260°C, it has not been shown that the
leakage rate of the containment is below 17 N’ h (1e
about 0.7% /day). the plant shall be brought 1o cold
shutdown.

Thus type of requirement 15 unusual in the Techrucal
Specifications because normally the frequency of the
test is given and then some tume is allowed for acuons (f
the test s failed Here the two are combined The
reason for this is 10 give some incentive (0 the utilities
10 perform the test as soon as possible after restant
Indeed this gves them more time for correcuve mea-
sures, should the test fall

2.1 Test methodology

In normal operation, the pressure in the reactor
buiding has a tendency 10 increase owing (o the leakage
of the compressed air system. If one measures the flow
of incomung ar, the pressure, the temperature and the
hurmudity in the building, it 18 possible to caiculate the
leakage rate [1]. The absolute method and /or the refer:
ence vessel method can be used.

For a typical test, the pressure is allowed (o go from
- 20 mbar to +60 mbar. A least the range between 0

0029-5493 /90 /$03 50 © 1990 - Elsevier Science Publishers B V. (North-Holland)
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and %0 mba: should be covered f one wants to have a
reasonable accurracy The pressure (ncrease rate is nor
mally w the range of 05 10 | mbar ‘b, A test therefore
lasts for & few days The mummum test duration should
be S0 h. to be able to get enough data ponts. If dunng
the test. the atmosphenc pressure drops suddenly and
the maxumum differenual pressure is reached before 30
h. the test should be performed again

\nthepunmetmmmsuredevmm; The
values are averaged over 15 mun and this gives one data
point A typical test gathers 200 to 400 data points This
s done by means of a personal computer The data
pounts are plotied in a graph showing the leakage rate as
s funcuon of the square root of the differenual pressure
hetween the reactor building and the aunbiary bwlding

Dunnlt.btmt.cu!:bculdbtuunmtOMturb
mecnodmommmcnxtocbmldmg Airiock move-
ments should be avosded as far as possible The venula-
uon and the cooling of the contanment should be very
stable. The method takes care of lemperature vanauons
but the representauwty of the temperature measure-
ments is never perfect. Therelore any disturbances o
the temperature distnbubion o the cootainment will
lead 10 8 greater spreading of the data poats

J.M!mub-mm

muupeﬁaundmlelpumuumcmmnm
mentation as the type A tesis, with the addinon of the

flow-meters on the compressed aur sysiem These are
thermal Now-meters which aeed no correcuoe for tem-
perature and pressure To save a penetrauon, the pres-
sure difference between the contaunment and the aux-
iliary bulding s not measured directly, but 15 computed
from absolute pressure measuremenis. The absolute
pressure (n the coniainment is alse needed 0 compule
the mass of aur

The temperacure is measured using about 30 platinum
probes distnbuted 10 the conwunment volume 0 as 0
pve the best possible average mperatute. The humud-
ity s measured by 5 10 10 Lithium -h'znde probes. in
the absolute method the air mass change n the conlain-
ment duning each ume step (5 computed from the ab-
solute pressure, the temperature and the humudity. ln
men(mwmtmodlbeurmwcmgcu
computed from the absolute pressure the pressure dif-
ference between the reference vessel and the contan-
ment. and the humdity For bot methods, the (res
volume of the containment must be known

The difference between the air mass change com-

wmmmuththnwofmem~
thmeumupkuwdvmmelqm
root of the differential pressure between the reactor
Mﬂ;mdthtaunlimbuﬂdm;
Am;hlmuwcompmedmmcwnqm

method. Convenuonally the leakage
the Adifference between the value at

ale 13 expressed 2
60 mbar and th

Table |
Results from the low pressure leakage tesis
Test - Absolute Refermace vessc! H
or el o QI Q0 Qfed o M0
N ar' b)) N’
= T wm 14 03 116
10/87 23 03 0.7
$ /88 -4.9 21 0.54 -58 b ] 119
Dioed 4 6/88 14 1 066 1.0 B 133
Tihange | 1/87 - 14.1 16 1.22 - 129 ~17 ' .8
1 /%7 - 142 LR ) 1.33
48 - § -09 049
Tihange 2 T ~08 . 090
588 76 33 025
Tihange 3 /87 14 10 134 25 07 eM
8,87 2 ~08 1.33 1 | -186 ea
7 /%8 1.5 =01 0.3 16 =01 o'

i - T
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value at 0 mbar. and 15 noted as QFf60 The value a1 0
mbar (is noted as Q) shouid theoretically be zero, but
15 nearly never 50, for lwo reasons’
- the sysiematic errors of the instrumeniation and the
error on the (ree volume of the contamnment,
- an unaccounted wnflow or outflow of gas. which is
independent of the pressure in the conlanment
The standard deviation is also computed and is 8 mea-
sure of the spreading of the data pounts Thus spreading
comes {rom the errors of the instrumentation and from
lack of representatvity in lemperature wnd humidity
measurements when these parameters vary For thus
reason i1 15 imporiant to have a temperature and a
humidity which are as stable as possible in the contain-
meni
Table 1 gives the results oblained in 1987 and 1988
These results show that when the contanment 15 beak-
ught. Qf60 is lower than 5 N o /b Therefore if one
measures 3 value higher than 10 N o' /b, one 1 pearly
sure that there is & beak A leak of 10 N o’ /h at 60
mbar corresponds to 8 hole of 0.7 cm m diameter [1].
The suandard devistion bes between 0 and 2 N
o’ /h. One should not place 0o much emphasis on the
value of the leakage rate, becsuse the error 1 of the
same magnitude as the value measured.

4. Severe sccident risk reduction

To mitgate the consequences of 8 core melidown, a
leak-ught contmnment is very umportant. In pormal
operauon, three barmers (the fuel rod cladding, the
reactor coolan! system pressure boundary, and the con-
wunmen! pressure boundary) protect the enviromment
from the release of radioactive matenal present in the
fuel. In many core melidown accidents, the first two
barners are progressively breached and the contunment
represents the final barmer against releases Therefore in
severe accident analyses a great emphasis is placed on
the containment behaviour [2) Of course if the contain-
ment is Lo remain leaktight dunng the scadent, it has o
be leakught at the onset of the sccident. Different
studies have assessed the kind of preexisting opeiungs
and calculated the unavailability of the containment

4| Preexisting apenings

Containment unavailability 1s defined as the prob-
ability that the containment will not perform its func-
von successfully at any given ume dunng plant life
Contaunment unavalability can be due 10 excessive
valves or penetrauons leakage, vaives or penetrations

Tabie 2

Unavailabiity Leak area (in ')

0022 0.001 w 0.01

0.0%5 001 wol

0033 01l wl
Towl 1

ieft open after tesung or power transitions, holes dnlled
through the contunment and left unsealed, airlocks
failure. The leakage ares can be very small or very large
(from less than 1 cor’ 1o several square meters for a
personnel wrlock) The time it remains open may also
vary wadely Asn arlock with both doors open will
pormally not remaun 30 for loug, but some leaks may go
undetected until the next containment leakage test

An extensive study of the reliablity of the contain-
ment was performed in NUREG /CR-4220 (3] Licenses
Events Reporis (LERs) and Integrated Leak Rate Test
(ILRT) reports were analysed to gather nformation
shout the contanment performance The contanment
unavalability was then caleulated from thus wnforma-
uon A preliminary estimate oblained from the LER
data bsye of containment unavailability due 10 large
leakage events (boies in the containment liner or open
contunment solation valves) is in the range of 0.001 w
0.01. Conuunment unavailability for relauvely small
leaks which violate plant Technical Specifications is
estimated to be 0.3

Esumates of containment unavailability as a func-
uon of leak area were oblained using ITLRT data A first
analyns using only the reports of type A iesis gave the
results shown in table 2 for PWR containment unavaila-
bility versus leak area

Because type B and C tests are typically performed
before an ILRT, the leak rate noied v an ILRT s
smaller than the actual case Therefore an additional
review of “as found” leakages from type B and C tests
was performed The failures idenufied in this review
were added 1o the previous results and the total unavail-
ability 15 presenied in tabie 3

Table ?
“Unavadabiity  Leskares(n’)
008 0.001 10 0.01
0125 GOl wol
0078 01 1wl
Total 028
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The towl unavailability & thus very close 1o thai
obtaped from the LER data base (0 3) Thus shows that
i the case of an acovdent, the probabdity that the
contanment wall leak in excess of the Technical Specifi
cauon value 18 o the range of 29 1© X0%

A umiar study has been performed n Belpum
LERs do not eust for Belgan plants, therefore only
lLR‘Trqoﬂlmul‘d,'u‘Juulyptlu)de
nporu'nody“nhﬂ"mmxmtypcAul
reports were used wlone Twelve ILRT repors were
snalysed. covering about 36 rescior yean Three tesis
showed a containment failure These are
- Doel 2. September 1986 at 0.5 bar overpressure. an

qmvnhvu&mdonlhcmlmhd

and was closed.

- Tihange 2. July 1981 8t 17 bar overpressure the
equipment hatch began 0 lesk Thus hatch 1 bolted
from outside and is therefore not self-sealing [t was
discoversd (hat the wrgque used for the bolts was o
ow

- Tihange 3, July 1984 at 0.4 bas overpressure an open
huw&mﬂa&qmpmtuwhmﬁu
had besn used previousty for some tests and had
been inadvertantly lefl open.

Using the same methodology as o NUREG /CR-4220,

one oblains A containment unavailabdity of 0.13 which

umdunwthnhndonobmﬂnw

NUREG.
M,llllhoommmnstmnlpn-m;q&

ings in technucal annex 9 The study was performed s

laly by ENEA/DISP and was based on dats aken

from Amencan LERs and Nuclear Power Experience

Books Dsta from the Italian Operating Experience

were dlso used The contanment unavalabdity versus

hﬂuuobmned'mmlnwyusbom:mubhl.

Thcwtdmv:ﬂab‘hqucbewmmm
mNUP.E.G/ClJZE.mdmmbmm“w
bution from leak areas lower than 007 cn’, winch
would not pve & real conlaunment unavailability

Tabie 4
e avadablity  Lesk are @)
o ?ms ower than 003
0.084 003 w0)
0.07 03 w)l
0 008 J] wd
0 008 larger than X0
Towd 028

Comiginmen] wakage Clting Sarag opeTmion

When companng the unavalabity versus leak area
from different studies, care should be laken of the
fomu.huud\oeompmemmmfromm“
flow rate. The ltalian study uses 4 formula which gives
results 70% hugher than those of the formula used
NUREG /CR4220 The formula chosen depends oun
the assumpuons about the leakage path [n most cases
the charscterisucs of the leakage path are erther oot
known or very complex Therelore instead of speaking
of leak ares. one should speak of “equivalent” leak
area, corresponding W specific assumpuons

4.2, Leakage rests during operation

Section 4.1 has shown that the probability of pre-ex
stng openings 8 high 8 bestesumate value based oo
the esung literature would le between 01 and 03
Thas @ the probability that at any pven Lme the leakage
rase of the contunment would be higher than the value
gven m the Technsca! Speaficavons

mmm‘u\mmnu‘u&ﬁmﬂm
saction 1, have the potential 10 increass the probabuity
of detecting pre-custing Openings Thas is (0 fact ther
maio goal. How effectve are those lesis o meeung that

As has been thown in secuon ) and o ref (1], the
mﬂthuumoacd.aoosu'.
From the tables presented in secuon 4 1 it can be seen
that this would reduce the unavailability of the contaun-
ment by about & factor of 2. More importantly, (t would
huhr.-hoh.wdmmmouwnmboun.mcw
© the nsk, which would be Laken out of the unsvalal-
ity figures.

To quantfy the impact of performing leakage lests
uh;wmmoumemkolmmdnu
nmtlwipm“umywum).
which wkes nto sccount the probabiity of preexisung
MWm“Mnnmvuwavuh-
bie when this paper was written In NUREG-11%0 (2},
for the analysis of Zion, there s 3 cOOUMAMEn! failure
o lor pre-exisung opetings (fadlure bip & @ table 4.3),
WIBMUMM!&WIM«WM!
of the leak area In ref IS].vhzhuthwhany
{or Zion dooe for the NUREG 1150, a0 aformauon
given a3 10 bow the resulus of NUREG CR 4220 bave
been used. Neveriheless, given the relauvety hgh prob-
Mtydhm.hoknmdm;un Jevectatelity lumut
WQ.mMO‘ISUMWOMRumL
uﬁpﬂlhhmmmoludman whach could
leak through such s openung, One can way onflidently
that the risk reducton would not be aeglp bl
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£ Conclusions

Giobal low pressure contanmen! leakage tesis dur-
ing reactor operation have been performed i Belgium
for more than three years The results have been very
satisfactory These tests allow the detecuon of leaks
with an area of 0 4 cn?

Based on present internauonal experience. the prob-
ability that at any gven ume the contanment shows a
leak with an equvalent area larger than 04 cmr’ has
been shown 10 be between 005 and 015 Low pressure
tests have the capability 1o bring Gus figure 10 zero each
ume they are performed

If a severe core accident occurs when there s & hole
in the contunment, the radiological consequences can
be very hugh 1t 15 imporiant to reduce the probability of
such » hole as far as posmble Low pressure lests have

this capatility They are thereflore an unporant factor
n reducing the nsk of severe accidents
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1. Background

After ten years of Belgian PWR
commercial operation, at the
request of the Belgian Licensing
Authority, a task force was set up
to analyze the results gained from
Containment Leakage Rate Testing
(CLRT) experience.
This task force included
representatives from:
- Licensing Authority
(VINCOTTE)
- Utilities
(EBES and INTERCOM)
- Architect Engineer
(TRACTEBEL)

The analysis has evidenced that
some aspects of the U.S,
methodology, applied so far in
Belgium, could be modified in
order to reach a better trade-off
between plant safety and operation
requirements, through "'on-line low
pressure'’ tests.

Additionally, this methodology
significantly reduces plant cutage
requirements.

{t was concluded that after the
containment preoperational leakage
rate tests performed at peak
pressure (Pa) 1o measure a leakage
rate (Lam), it should not be
considered as mandatory to
perform periodic peak pressure
tests in consideration of the
following reasons:

- lack of representativity of the
peak pressure versus the effective
pressure in the containment after
an accident

- risks of fire and of damaging
non-safety-related components in
the containment

- long time requested for pressure
raising and measurements.

The 10 CFRS50 - Appendix J -
imposes to perform three times
over ten years of operation

containment integrated (type A)
leak tests at a reduced pressure at
least equal to half the peak
pressure and to measure the
leakage rate (Ltm)

""The leakage characteristics
vielded by (preoperational)
measurements Lim and Lam shall
establish the maximum allowable
test leakage rate Lt of not more
than La x (Ltm/Lam).

In the event Ltm/Lam is greater
than 0.7, Lt shall be specified as
equal to La (Pt/Pa). /*"

From the test data analysis it

appeared that:

- the measured values of Litm and
Lam are affected by errors which
become greater as the actual
leakage rate becomes smaller,
which is generally the case

- the first ratio is expected to
change during the containment
lifetime

- the ratio (Pt/Pa) is not
conservative for laminar flow
rates along the leak paths.

The US acceptance criterion was
then analyzed to improve accuracy
and conservatism.
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2. Belgian approach

Reduced pressure tests

s Based on an extensive testing
and validation program performed
with the research laboratory of the
Belgian utilities LABORELEC
experienced in such testing,
another acceptance criterion is
defined which is independent of
the leakage rate measurements,
deals with the laminar flow type
along the leak paths and leads to
the greatest leakage rate variation
versus pressure changes.

¢ In Belgium, containment leak
tests at reduced pressure (Pt) are
performed once every ten years
using both absolute and
comparative method (reference
vessel method),

These two methods are totally
independent and their results can
be used for their mutual
validation.

If each of both measurement
techniques provides, over a period

of at least 8 hours and with at
least 30 consecutive measurement
points, a leakage rate which meets
the acceptance criterion, the test
can be stopped.

Hence this approach does not
require to carry on the test during
24 hours, nor to perform the
calibrated leak test to verify the
accuracy of the leakage rate
measurement.

¢ If one method only is used for
reduced pressure tests, or if the
concordance criterion
ANSI/ANS-56.8 - 1981 is not met,
it is mandatory to perform a
calibrated leak test (or an
equivalent test).

A new acceptance criterion for this
case was derived from the
ANSI/ANS peak pressure test
acceptance criterion to obtain the
following advantages:

- easy application

- dependent upon the
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calibrated leak (Lo)

. close to ANSI criterion when Lo
is close to the maximum
allowable leakage rate at reduced
pressure (Lt).

On-line low pressure tests

Experience shows that the

reactor containment liner does

not give rise 10 tightness problems.
Major sources of leaks are
containment isolation valves and
penetrations. These are peniodically
tested with a frequency consistent
with 10 CRF 50 - Appendix J -
requirements (types B and C tests).

Therefore, as a complement to the
reduced pressure test method,
another method has been
developed to perform tests at very
low pressures consistent with plant
operation, the objective being then
to detect, instead of a containment
liner '"natural degradation, any
gross "'localized'' leak such as
misaligned valves or left open
valves, flanges or instrument
connections or a faulty operation
such as, for instance, an
inadvertent drilling through the
containment liner,

Experience shows that these gross
localized leaks can be evidenced by
continuous contkinment on-Hine
monitoring during plant operation.
During normal operation, the
pressure in the containment
building tends to increase due to
compressed air ieakage from
pneumatically operated equipment.

By monitoring the compressed air
makeup to the containment, it is
thus possible, through appropriate
measurements and a calculation
code, to correlate the theoretical

Inner pressure increase versus the
measured one.

The containment leakage rate can
be derived from discrepancies
between these values.

The calculation code, developed
for the low pressure tests takes
into account the containment
temperature and moisture
variations during the tests. This
code was validated by the
experimental results,

The measurements are performed
within the pressure range

-40 mbars to + 60 mbars.

One or both techniques (absolute
method and.or reference vessel
method) can be used for these tests.

After completion of the leak test,
a verification test can be
performed by superimposition of a
leak through a calibrated orifice
typically 3/8"", 172" or I".
Experience shows that, the
detection limit is lower than

$ STPm'/h when normalized to an
effective containment pressure of
60 mbars, typical values of

| STPm'/h have been measured
for tight containments.

An acceptance criterion is
calculated on the basis of the
characteristics of each plant.

For Belgian PWRs, a leak rate of
17 STPm’/h corresponds, at
containment room temperature, to
10 times the maximum

allowable leakage rate La
extrapolated to 60 mbars.
Physically it also corresponds to
the leak through a hole of | cm
diameter in a thin plate at an
effective pressure of 60 mbars.

The experience gained so far
indicates that such tests can be
easily performed in less than
72 hours.



Ihe Belgian ap

meet the
nee




