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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 purpose 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.

Meetina 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, particularly for On-Line Containment Leakage Monitoring (see
Enclosure A through D). Highlights of their presentation and discussions are
provided below:

o 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.

o In 1985, EDF initiated installation of a system for Continuous
Monitocing of Containment Leaktightness (the Sexten System, see
Enclosifre A through D) in all their 900 MW and 1300 MW PWR plants. The

on-lis monitoring system measures the flow of air into the containment
atmosph'ere 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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o EOF 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.

o 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 Regulatory
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 G). Laborelec, the vendor
of the Belgian on-line containment integrated leakage rate testing system
(Enclosure I) presented details of the design and operation of its system.
Highlights of their presentations and discussions that followed are summarized
below:

o 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 a program for visualo
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 ino
Belgian nuclear plants (all PWRs) since 1986. This test is conducted at
power after a cold shutdown more than fifteen days, and in principle is
the same as the French Sexten system, except it is not conducted
continuously. These tests during operation can detect a leak of I cm in
diameter. About twenty tests have been conducted thus far and have not
detected any breaches of containment.
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Other 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.

OM % pp
Moni Dey, Senior Task Manager
Engineering Issues Branch
Division of Safety Issue Resolution
Office of Nuclear Regulatory Research
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CONTINUOUS MONITORING

OF CONTAINMENT LEAKTIGHTNESS

THE SEXTEN SYSTEM
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HISTORY-

1979 containment leaktightness problems in
operation

1980 first test in operation

1981 continuous monitoring of a plant, during one
year, with an experimental system

.

1983 definition of the industrial system (900 MW
plants), called SEXTEN
evaluation in six units

1985 start ofinstallation in every 900 MW plants

1986 definition of SEXTEN system for 1300 MW
units. Start of installation.

1990 start of SEXTEN 2 studies

1992 SEXTEN 1 installed at RINGHALS 3/4 ;

1993 SEXTEN 1 sold for RINGHALS 2
SEXTEN 2 prototype installed in 2 units in
France ;
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DIFFERENT VERSIONS OF SEXTEN SYSTEM

SEXTEN 1 :
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
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PRELlHINARIES

PERMANENT AIR IHLET (INSTRitiENTATION COMPRESSED AIR

SYSTEM) ,

REGULAR DEPRESSURIZATION (EVERY 20 DAYS)

SAWTEETH EVOLUTION OF THE C0HTAI)tiEWT PRESSURE
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PRINCIPLE

4

|
. ADAPTATION OF THE " ABSOLUTE METHOD'' USED FOR THE

P INTEGRAL LEAK RATE TEST AT LOCA PRESSURE
I

EVERY 30 MINUTES, MEASUREHENT OF .

|
-

. ABSOLUTE PRESSURE

. AVERAGE TEMPERATURE

. AVERAGE WATER VAPOR PARTIAL PRESSURE |

.ICADS FLOWRATE
;

,

EVERY DAY : CALCULATION OF THE AVERAGE LEAX RATE

.

EVERY DEPRESSURIZATION : COMPLETE DIAGNOSIS

PMF #%f*n /PMM
__ __ _ _
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CHARACTERISTICS

THE SEXTEN SYSTEM IS MADE UP 0F :*

.

-

O $

1' .10 TEMPERATURE SENSORS
'

.2 HYGR0 METERS
_ ^

.i PRESSURE SENSOR

.USE OF ICADS FLDEETER
"

- .i DATA LOGGER

.i CALCULATOR (HP 9915) FOR 2 CONTAINHENT

h .i PRINTER UESSELS

.i PLOTTER

. SPECIFIC SOFTWARES

. .

-

- - - -

EDF/ DER /SDM
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FOR 900 MW NUCLEAR PLANTS : ,

.

:

Qf60(5NM3/h |

.

IF 5 NM3/h ( Qf68 ( 10 b3/h i

THE CONTAlltiERT LEAX IS TO BE LOCALIZED
,

IF Qf60>10NM3/h
t

AND IF THE LEAX IS NOT LOCALIZED AFTER 10 DAYS
:

:) COLD SHUTDOWN

.

1

FDF/DFR/SDM
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CHARACTERISTICS

PRECISION :

AVERAGE UNCERTAINTY OF THE MEASURED VALUES FOR THE

GLOBAL LEAX RATE :

1,3 Hn3/h over a' day

(50 000 M3 containment structure)

AVERAGE UNCERTAINTY OF THE QfG4 EAstRED VALUES :

8.8lh3/h
(over 20 dags : typical Pressure cycle duration)

AVERAGE UNCERTAINTY OF THE Qi MEASURED VALUES :

1,3 NM3/h

EDF/ DER /SDM
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DEFINITION :

:

i

Qf60: CONTAINMENT LEAK RATE FOR A 60 nbar
j

:
DIFFERENTIAL PRESSURE ,

,

f

Qi : ABNORMAL GAS IHLETS TOTAL FL0llRATE

MEASURED FOR A 8 nbar DIFFERENTIAL !

]PRESSURE -
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CHARACTERISTICS

DIAGHOSIS GIVEN BY THE SEXTEN SYSTEM :

.EVERY DAY : GLOBAL LEAK RATE WITH UNCERTAINTY

.EVERY DAY, AT LEAST FIVE DAYS AFTER A DEPRESSURIZATION :

EVALUATION OF Qi60WITH UNCERTAINTY
,

'

.AFTER A DEPRESSlRIZATIDW :

PRECISE MEASUREMENT OF OfG8NITH UNCERTAINTY

PRECISE MEASUREMENT OF QiWITH UNCERTAINTY

i
i.

. FUNCTION " ASSISTANCE FOR LEAK SPOTTING" |

(PRECISE TIME EVOLUTION OF THE AIR MASS)
|

|~~~
- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TH E SEXTEN 2 PROJECT --

f

) . QUALITY ASSURANCE PROCEDURE
i
I . REPLACEMENT OF ALL T11E SEXTEN 1 IN -

' FRENCH PWR ,

,

. BENEFIT OF T11E SEXTEN 1 EXPERENCE
,

(about 200 year. plant) ( J,w (1 y )

. UP-TO-DATE COMPUTER AND DATA
'

LOGGER

. SANE LEAK RATE AEASUREhENT
INSTRUMENTATION ;

P

. IMPROVED POSSIBILITIES, FUNCTIONS, j
MAN / MACHINE INTERFACE i

_.n..

-

|
|
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j SEXTEN 2 IMPROVEMENTS
WITH REGARD TO SEXTEN 1

. NEW COMPUTER AND DATA LOGGER
-

q

. NEW ICADS FLOWMETER

i
"

. 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 CONTAIh3fENT LEAK
RATE MODIFICATION

. MODERN MAN / MACHINE IhTERFACE (MENUS,

COMMANDS)

. HISTORICAL RECORDS

". REPLAY" POSSIBILITIES

. ALARM POSSIBILITIES

. BIPROVED RESULTS PRESENTATION
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1 - INTRCOUCTION
essential to the safety of PW nuclestM ne contaira::ent leaktightness isillustrated by the Three Mile Island acciden:

efficiently played its part in preventing thepower plants . This was
where the containment
release of radioactive materials to the atmosphere.

The containment leaktightness is usually checked be fore the unit is
started and, then, periodically by performing integrated leakage rateh l t startup /

tests, hdysfREet5be!5g gests are'tstried out before t e p anil

f th e e

frequently. De leenktightness is checked at a
- ;T es=

to the Lost of Coolant Accident that is at. a 4 bartests are performed more
pressure corresponding Js /7' : - .

,

gauge pressure. *

check the containment'leaktightness en awas decided toby installing a MilEMaFTyftEEPehe SEXTEN,In France, it '

permanent basis
w rking during the unit operation.

been installed in all the French PWR units. It has,
leaktightness defects in the containmenthis system has now

on several occasions, revealed
of working units.

2 - HISTORY
leakage rate tests in an operating unit were

De results of these tests are shown in Figure 1. neThe first containment h

curve (dM/M) describes the modification of the air mass in t e
1980.performed in

solid line
containment versus time.

systes recorded a decrease in 'the air mass/. 52 aber positiveDuring the first phase, the 3of 21 Nm /h at a
monitoring system once closed, the y/h D'a leakage ratecorresponding to radiation containment of about 6 Nmpressure. The plantan air ingress into the d'

system nessuredDuring phase '5, once the plant radiation monitoring systeg anclosep. thesystem were(phase 2). % stributionair,V33 aber positive presrare was o na /h. Inthe service compressed

containment leakage detected a leakage through the plantatrate

test systes ired air inleakage into theconclusion, the and ensystem ibution' system. ' ,

radiation monitoringcontainment through the service compressed air distrthat integrated cont = h t &
This first test. therefore, demonstratedunit operst, ion with' arf ~

;
~.

leakage rate could be ~ measured during
sufficient to . detect leakage problems 'that say occur on, ,, , ,

y . . ,,,
u

anotherQciid '
.

.,.

component. .

and 1982, a
tests, in 1981were -recorded for appra 4==te'1

. ''-
Z

Following these 4simpnfi C
-instrumented and measurements

*Dtis test was used as a basis to define atollnilld' ?
served as a reference

instrumentation which
monitoring system.
MMrmumm.m2 were installed in power plants'

.

,.

.Cn ree of these prototypes |

perfected and validated.
. . c ..

.y
d' .

.f*

, _ . ._ . . _ _ _ ._
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ef tha t all EDF PWF units would be equipped withf

|

At present.
the contairment leaktightness in French units is be:,ng i

centinuously monitored by the SECD system. l
i

i

I

3 - OPERATING PRINCIPLE
*

containments is based on the fact that the pressureinLeakage detection
inside the containment is succesively under or above atmospheric pressure.

e prestere inside the containment goes up and down (ref.Actually, EllF . W"il"15' free the instrumenDpNissed air distributionfigure 2) by the air-opeYsted valves in the teattor |
heing' censumed j- )

air drawn from outside is released in' the containment wheremg. e
the pressure slowly rises. MEfi the presrufe Naches a set limit, therthe conta1%sefit, and a new pressurizatiory
yter apatckly depressurises
M .~''

d s#k3. these may ta! %JRCT47. JbtfMt" the pdditive R
,

'

W WUff iiffibd's in the cerittfhhdfffVMes3thg thT gas utss.-

;

M'e W this uneastnig!d.
measured by the absolute method. This method is widelyThis gas mass is

used for containment leakage-rate tests.
the average partial steam pressure ard theIt consists in measuringair pressure. The dry air content of the containmentabsolute containment

can then be calculated.

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

~

leakage rate can be measured by subtracting the ICADS air
the containment free the integrated containmentThe containment

flow rate injected into
leakage mass flow.

istr1sr*N EHk6cfc' peble of *s
.

.

-.%e avertg r a ,me .t weerage pertial
. W it inrse

.. alff M _ 6_W 5eent er earquite

location of the various sensors and of their. weighing
,,

?
for the computation of average values is essential . to have accursta -The choice of the

, *

' measurements .
-

* *.,

temperature varies %Fthat the averags
partial staan pressure by some 5 aban eering

Figure i shows .c
For instance.

A disruption can be seen on the curve of the dry air mass (M ,,approximately 1*C and the
*'^* JFphase 2.

-

versus time, but the error level r== mins low.
.

, *

g**43-
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Cu.mes such as those in Figure 3 are cbtained. By ana.lyzing these eunes.
a precise diagnosis of the containment leaktightness can be made.

To characterize the containment leaktf ghtness a criterien was defined fer
the containment le akage rate at a pc.sitive pressure of 60 abars (Cf60),

adequate when Qf60 is belowM, the s;ontainment leaktightness is considered
In France, in 900 MW units

4 - CHARACTERISTICS OF THE SEXTDI ,

,

Several problems likely to affect the containment leaktightness or the .-
operator of some circuits can be detected with the SEXTEN system. These
are : .

- leaks of the components contributing to the contaihaent leaktightness,

- leaks of the systems running across the containment.

- undesired gas inflow (air, nitregen).

SEXTEN can be used, once it has detected a probles, as an aid to
identifying the defective circuit or component. Indeed, thanks to the
real-time plotting of the evolution of the gas mass inside the ,

)containment, the way the closing of systems or the repair of components
affect the integrated containment leakage rate can be clearly seen (ref.
example in Figure 1) .

3 '

For a 900 MW unit containment (free volume of about 9 000 m ), the
average uncertainties with the SEXTEN system are :

"over a W *Msurement period for the containment-

integrated leakage rate.

- Mor the assessment oMer a pressurization cycle in the
containment.

''The developsent.

The instruments used in the SEXTD systes are given in Figur+ 4
|

The system, strickly speaking, consists of a processing unit, a data
-

logger, a printer and a plotter. A SEXTEN system can monitor two . ;(.

containments simultaneously. The following sensors are used : . ff/
;:
Ni/

- 1 absolute-pressure tranducer in each containment. W
. ..; b

- 10 temperature sensors in each containment, }..
- 2 solsture-content sensors in each containment, ,

r..-

-1 flovmeter on the instrument compressed air ' distribution 'systas
'

m-

(ICAOS) in each containment.
i

- 1 atmospheric-pressure transducer. . .)
..

t



.

-1 flow eter on the ins t ruen t ec = pre s s ed air dis tribu tion syste:
(ICADS) in each containment.

- 1 atmospheric-pressure transducer.

WEW~Nhsly and 1Bs9Ef5ddatts'8T
W 7 tf N aaTico cycle la WQ At the operatcr's
request, the evolution of the gas mass inside the containment can be
plotted in real time when les.ks are looked for.

5 - PISULT ANA1.YSIS

confirued that leakage problems may sometimes occur inne SEXTEN system
the containment of operating units . De leaks are generally located in
the circuits running across the containment. for instance in the plant
radiation monitoring system, the nuclear island vent and drain system,
the containment sweeping ventilation systes and the containment
atmosphere monitoring system.

n e SEXTEN detects these problems and helps the operator to locate the
leaks.

very 1 g#

M M coep h N te sessure the
NmLMA N - - .- eUEK y tinuously^

'

dr _t5e M ehe comparenss<tes .unh +mmt eontainment

@tersr MXgood order er yt43hgAuGHHI130stv32!1is.not open. ,
. M does nbT N W W teng,which providelyh1 contalhaent westF'attsaentnuundsagggy

6 - CONCLUSIONS

from 1980 to 1982 demonstrated that the M ratehe tests performed ~ be measgret t M agg W t A .ng, with an

: approximately 11r7h'fteh *Q -day, '

of the containment lenktightness, called U.
developed by EDF. This system has been installed in all, Ig *

systemA continuous sonitoring
'Ms. ySEXTEN, has been

French PVR units. ; ;'

some leakage problems likely to occur on'certain'This system detectedacross the reactor building connected to the containment c
'
:

;. ) d."circuits runn.ing
air. . . je '. J '2..a

.

monitoring complements the tests performed,to hetsure'
~

the unit]s$$
~ '

This continuous
leakage rates at the 1,0CA pressure and improves ~ ''-M ,7
contributing to an adequate contafament leaktightness.

)"5
.a,
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Figure 1 Variation of the dry air mass, absolute temperature, partial
pressure of water, and absolute pressure in a contairsent during e

i

leak rate test.

Figure 2 Typical variation of the pressure in a containment in epera:icn,
-

versus time

Figure 3 Example of the variation of containment leak rate versus
containment differential pressure

Figure 4 Diagram cf the SEXTEN system
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1. INTRODUCTION

rho containment leaktightness is essential to the safety of PWR nuclear power plants. This was
liustrated by the TM! accident, where the containment efficiently played its part in preventing the
'elease of radioactive materials to the atmosphere.

The containment leaktightness is usually checked before th'e unit is started and, then, periodically by

meriorming integrated leak rate tests. In France, these tests are carried out before the plant startup,- " - -

during the first refue!!ing and, after, every ten years unless a degradation in the containment leak rate
is detected. All these tests are performed at full LOCA pressure. Tests on containment isolation valves
are also performed every year.

Despite these checks, we observed some abnormal behaviors of containment pressure, due to leaks,
in operation. It was decided to 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
|has been installed in an operating unit in august 1993 and a second one might be installed in the
~ course of december 1993.

:

i

2 - FIRST TEST IN OPER ATION

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

-- ~ -

.e for the integrated leak rate tests performed at LOCA pressure, that is the " Absolute Method". This
method depends on the measurement of the pressure, mean temperature and mean water vapor

pressure inside the containment.
1

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 dTfr , dP/(P H)o, dH/(P-H)o respectively desenbe the evolution of the absolut
e

o
temperature, absolute pressure and water vapor pressure inside the containment, during the test.

|.

f
'

The containment was pressurized with air to a 50 mbar (0.7 psi) overpressure. During the first phase o #
3 h

the test, the systcm recorded a decrease in the air mass corresponding to a leakage rate of 21 m / ,

nt
STP at a 52 mbar overpressure. We then tried to localize the leak by closing valves on containme

ly
psnetrations. At last, the Plant Radiation Monitoring System (PRMS) was closed and we quick

._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ -
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noticed a modification in the dM/M curve (end of pht.se 1) : the system measured a gas entrance into
.

3the containment of about 6 m /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 m /h STP at a 37 mbar (0.5 psi)3

overpressure. The gas entrance was due to the Service Compressed Air Distnbution 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 Monitoring System was again isolated and we measured a
3

containment leak rate of 0 m /h STP at a 33 mbar (0.5 psi) overpressure.

In conclusion, the system detected a leakage through the Plant Radiation Monitoring 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 measured

.

during unit operation with an accuracy sufficient to detect leakage problems that may 0%ur this type of
component.

3 - STUDY AND DEVELOPMENT OF A LEAK MONITORING SYSTEM
<

r llowing this test, another containment of a different type was instrumented and measurements were
o

recorded for approximately one year from 1981 to 1982. The same measuring method was used and
j

59 temperature sensors,6 nygrometers and 1 pressure sensor were installed inside the containment.
The flow rate of the Instrument Compressed Air Distribution System was also measuredthe
compressed 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 monotoring
system, called SEXTEN (from the french words . " Surveillance en Exploitation du Taux de fuite des
ENceintes" - In Service Monitoring 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 monitoring system.

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

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

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

rate at 60 mbar overpressure must be below 5 Nm /h (900 MW plants). This criterion was agreed by3

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 cycle (for instance in valves which are operated during the fuel
cycle).

_
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4 - CRITERlON CONCERWING LR60

A cntenon conceming Lr60 was proposed. It is not basec cn an interpolation of the cntenen used for
global integrated leak rate testings, because such interpolated 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 possible values will be too small to be measured by the
SEXTEN system.

The enterion corresponds to the role of the SEXTEN system, which is not to replace the tests at full
pressure but to detect an abnormal state of the containment leaktightness due to an operator error or a

,

failure, in operation, of a component in a system participating to the containment leaktightness. The
entenon is based on the SEXTEN accuracy and on our experience conceming containment leaks in
operation.

In France, in 900 MW units, the leak rate at 60 mbar overpressure (Lr60) must be below 5 m /h STP.3

If Lt60 is in the range of 5 to 10 m /h, the personnelis bound to complete a leak localization procedure.
3 1

t

i

If Lr60 is above 10 m /h STP, the leak shall be localized and repaired within 10 days, otherwise a cold
3

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

,

!

This criterion was agreed by our Safety Authonties and the SEXTEN System is considered as an
"important for Safety' system.

!
5 - SEXTEN OPERATING PRINCIPLE ^ 1

)
i

l

SEXTEN on-line leakage detection in containments is based on the fact that the pressure inside 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 variation of the pressure inside the containment induces variations of the flow rate of a possee
'

leakage through the containment.

The diagnosis of the containment leaktightness performed by the SEXTEN is based on the analysts of
the evolution of the containment leak rate as a function of the containment pressure, dunrsg a
pressurization cycle.

,

This evolution is estimated thanks to continuous periodic measurements of the containment leak rate b!
%

and coolainment pressure. The measurement period is 24 hours in France. The diagnosis is based on s,
;;

} the analysis of a curve presenting the measurement points (pressure, leak rate) for pressunzapon T'

cycle (see figure 2).

SEXTEN calculates the slope of this curve which enables the calculation of the containtrent leak rase
!

for a 60 mbar overpressure (Lr60). In EDF 900 MW units the containment leaktightness is consbered E
adequate when tr60 is below 5 Nm /h. N3

!I
_
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SEXTEN also calculates the containment leak rate when its pressure is equal to atmeschenc pressure*

_ (LIO). Then, the leah rate must be nil. In fact the measured Lr0 gives indicaticns concemmg
measurements errors or abnormal 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 i

repair of components affects the containment leakage rate (see figure 3).
'

The SEXTEN 1 and SEXTEN 2 use the same instrumentation. The main differences between the two
systems are given into the chapter 6.

The same theoretical measuring principle is used for both systems and the measurements
3uncertainties are equivalent. For a 900 MW unit containment (free volume of about 50 000 m ), the

3average uncertainties with the SEXTEN system are 1,3 m /h STP over a 24-hour measurement
3period for notainment leak flow rate and 0,8 m /h STP for the assesment of Lr60 over a

containmen,, ure 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. j
l

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, is now under development. This
,

system consists of a modem computer (HP VECTRA), a modem data logger (HP 75000) and a new i

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 complete results j
;

presentation, historical records, better diagnosis functions, more performant sensor failure detection,
automdlic 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 j
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. Onfy the software is different. It's written in HP IBASIC language. j

- , ._ ,
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7 - ADAPTED SEXTEN 1 SOFTWARE'.

The main functions of the ADAPTED SEXTEN 1 SOFTWARE are the follow:ng .

(24 hour penod corresponds to the french measurement penod)

choice of the containment to be tested,+

automatic pre-test of the measurement part (sensors, wires, data logger, voltmeter) and the
a

hardware (printers) before starting the SEXTEN on-line monitoring function. A wntten report indicates,

j the equipment which is troubled,

automatic periodic simplified test of the system dunng the continuous monitonng (every 24 hours).
'

Wntten report in case of trouble,

measurement of the containment leak rate, its uncertainty and the containment differential pressure
+

every 24 hours. These measurements are invalidated if the uncertainty is too high,

assessment of Lr60 and Lr0 first values and their uncertainties, after five valid "24-hour periods *
a

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

automatic detection of a containment pressurization cycle end. Automatic calculation of Lr60 and tr0+

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

automatic detection of the begining of a new pressurization cycle. The calculations are reset to begin
a

a new Lr60, Lr0 measurement cycle,

automatic data storage on floppy disk. This function is automatically disabled or reinitiated depending
*

on whether a floppy disk is present or not in the dnve,

automatic control of the presence of printers. An unavailable pnnter does not interrupt the monstonng,
*

at operator request, plotting of the evolution of the air mass inside the containment for the last 30-*

hour period, as an aid for leakage detection,
,

at operator request, measurement of the containment leak rate and the containment differental*

pressure during any period in the preceding 72 hours,

at operator request, printed report of the sensor measurements.a

* man-machine interface : the screen (2 lines of 40 characters) and the keyboard (complete
alphanumeric keyboard with function keys; of the HP 75000 are used iri a conventional way to start
the system . the operator uses the keyboard io configure the system, following the instructions
presented on the screen. Then the SEXTEN automatically performs leakage monitoring, no operator

,

assistence is needed. If the operator has a request, he uses the functions keys without interrupting 2 '

j the continuous monitoring. This version is an improvement compared to the present SEXTEN 1 mart- j |

machine interface, which is based on printer messages, LEDs and function keys. 3
mm
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1

- data logger : HP 75000 B equipped with a HP E 1326 voltmeter, HP E 1345A re!ay multiciexer,
j IBASIC controller,20 Mbyte hard dish and 3" 1/2 floppy disk drive. ;,

laser printer and inkjet pnnter.

When the SEXTEN 2 will be completed the following extra hardware will be necessary :

+ computer HP VECTRA 386/23 equipped with 3 1/2" floppy disk drives,2 Mbyte RAM, parallel / serial
| port, DOS 6.0

* HP 82 335 A HPIB interface.

It will be very easy to reach a SEXTEN 2 from an ADAPTED SEXTEN 1. |
i

i

8 - OA REQUIREMENTS
i

i The ADAPTED SEXTEN 1 SOFTWARE has not been developed according to a OA programme. Its ;

quality is based on the long experience we have with this software and on the tests we have performed
in our premises. |

The SEXTEN 2 is being developed according to a OA programme.

l

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 acceptable level of
uncertainty.

1A continuous monitoring system of the containment leaktightness, called SEXTEN, has been I

developped by EDF. This system has been installed in all French PWR units. It is able to measure the

containment leak rate of 900 MW units with an uncertainty of about 0.8 m /h STP, at the end of a3

; 20-day containment pressurization cycle.
)

A criterion concoming the allowable containment leak rate in operation has been determined. The
!

system is considered as an "Important for Safety System" by french Safety Authorities.

This system detected some leakage problems likely to occur in operation $n certain systems which can

provide a direct connection between the inside and outside atmosphere of the containment.

The SE,XTEN System enables condition monitoring and leak diagnosis of components (mainly valves)
participating to the containment leaktightness.

|
|

I
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RATE MEASUREMENTS,

IN CONTAINMENTS
*

' .

OVERALL LEAKAGE The accuracy of 'he measurement s of pancular in me Frence nuc: ear umts 'cr

RATE MEASUREMENT me orcer of 0 02 % day 1300 and 1400 MW seres osa-ts Tre
overalt method descnted above s s!!!i

* Resources used apphed. but additions must ce made to
* Measurement principle p e r ence m e

The instal!at:on includes a measurement aN WWW Waks in mMeasuring me overail leakage rate chain with over seventy high-prec: son We ame spaceinvolves measunng the vanation of the sensors (two pressure meters. sxty
dry arr mass conta.ned in the temperature prebes, ten' humid:ty e Me88urement principlecontainment at different pressures. in sensors) A computer. a measurement

Before the measurement is camed out.particular at the pressure where a acquistion un t and a precision dvtal
pomary cooiant acc' dent mignt tane vottmeter are used to take readings from the inner containment is pressunzed to

4

piace these sensors and to perform the the rated test pressure The inter.
The leakage rate is the relative vanation necessary calculat;ons The temperature contanment space is depressurized by a
of this mass per unit time. It is expressed probes and the humidtty sensors are tenth of a millibar relative to atmnspheric
in %/ day The dry air mass is calculated distnbuted inside the contanment, while pressure and the entire structure is

_

using the perfect gas equation. The the pressure meters. Connected by isolated The collected leaks coming from
partial pressure of the dry air is obtained piping. and other devices are assembled 'nner contanment cause the pressure in

from measurements of the total pressure in a special measurement room near the the intercontainment space to be j
and the mean partial pressure of the control room. The sensors in the reactor increased When the di*ference between
water vapour in the containment. building and the external devices are atmosphenc pressure and the pressure

,,
. Since the containment is usually highly inked via leaktight eieCtrical penetrations. m N mter<ontamment space becomes

| compartrnentahzed measunng the mean zero there is, at this particular moment,
' temperature and mean partial pressure no exchange with the outside The

of the water vapour requires numerous MEASUREMENT vanation of the normal air volume in the,

te sors to be used Each sensor OF UNCOLLECTED LEAKS mtmentanment space then represents
. des a reading *nich represents the IN DOUBLE CONTAINMENTS the c8ected leakage now

.aume assigned to it
The leakage rate :s cetermined by * General informationg

p calculating the mass of dry air conta ned on double containments
'

, . in the conta.nment at eacn reading
*

; followed by calculating the grad >ent of The spreading of gaseous waste in the
"

vanation of these values usng a least case of an accident is prevented thanks -

square linear mterpolation. This gradient, to a second containment budt around the 4

j in Combination wth the mean dry air first. The resulting space between the g
mass dunng tne penod covered ey tne two is depressunzed and any ieaks are 1

I calculation. gives the reouired leakage collected and fdiered This " double -

rate value containment" pnnciple is used in
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The overall teanage flow measurement sersors 'rstarted 1n tre measurement is constantly teng nt ocuced nic me
of the inner containment and of the room is representatue The dfference containment. as this sognt pressmat on
inter-containment space usng the overall ter*een atmosonenc pressure and the cannot continue indetnitel a r 44i tey

leakage rate method is camed out pressure in the inter-containment soace rerectected penodically
,

smurtaneously and dynamically. is aetermined *.th great accuracy snce in reakty, the gauge pressure of the
The uncoilected leakage flows are the sensors measunng each pressure are contanment vanes according to a "sa*-
cbta:ned by ditterence compared before the test and any tooth" graph, with the two hmit values
The precison of the measurement deviations are accounted for This value being of the order of -40mbar and
is around S Nm3/h is checked after the test +60mbar; the penod is around 20 days

Any leakage ways will be reveaied by
tne dieme in mesure between me* Resources used

LEAKAGE '"S'de and outside of the reactor building
tnanks to Wakage How meawemntsThe global leakage rate in the inter. FLOW MEASUREMENT * *' "* "9 * * * *containment space is measured usng DURING OPERATIONsmalar equipment as is used to measure full pressure

the overall leakage rate of the inner @mE@ in general. leaks + introauct:on of gas
containment. Nevertheless, in order to = vanation of the air mass
account for posstyy qucker parameter * Measurement principle A computer hnked to a measurement
vanations, appropnate sensors with unit and sensors gives-

g
shorter response times have been u e a3

test of the overall leakage rate at
Cnosen along eth twice as many leakage rate measurement metnod

accident pressure 2) The introduction of gas from eiementsabsolute pressure measurement points in
e eg a ai W s d h es &the inter-contanment space Atmosphenc provided by the air circuit flow meters

locations haw to leaks @ngs used to The leakage flow ts thence oeduced bypressure is read at three points at 12C'
cut oM cucuits crossng the

to each other haf way up the cyhndnca! a daly analysis dunng a full cycie. this
aan a s. dectd

part of the inner containment. enables the leakage rate pressunzed by
pe ena o s, coaction of hes to 60mbar to be estimated eth anA baffle system is placed on the *

.

i pressure sensors so that the accuracy of around 2 Nm33i.
s& M pg aH

measurement made by the high-precison
leakage flow in the containment 'or

* Resources usedshght pressunzations which may ex:st
4

.

in normal operation between the insde Sensors identcal to the ones osec to
, (s of the reactor building and the

.,

r
measure the overall leanage ' ate are.

,,

The att o tonng method is based on c fu s
''

,
.g f, the fact that dunng operation, the air A permanent acquisiton sys:em nstased. ,

pressure in the reactor building is not
, on ste, conssting of a measurerment
g equal to atmosphenc pressure. The

unit, a computer and a porter s .,sec to
pneumatically controlled valves in the., e red
reactor building are supphed with
compressed aa from the outsde. The
operation of these devices means that ar
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EXPANSION Engineers and technicians are people availaoie
in the field whose efficiency depends on a se!

The DTG today orovides services to the of specific equipment which uses the latest
Production-Transport System and other EDF technology and apprognate scientific computing
divisions as well as to external customers- equipment.
Tnis expansive spirit also takes the form of Its archives and stored data make the DTG the
permanent technological exchanges with EDF's memory of a major company: feedback of
Design and Research Division and with vanous expenence and the search for innovation
Universities and Scientific Associations. These enable it to provide the most suitable answer to
exchanges also involve Shanng know-how; for the problems arising, whatever the type of
this Durpose, the department runs training intervention.

- courses every year for its customers and is
involved in University teaching. SPECIALIZED EXPERTISE

With forty years experience in monitonng
HIGH-PERFORMANCE machines and structures and with fifty nuclear
INTERVENTION RESOURCES units in use, the experience of the DTG is

widely recognized in the industrial measurement
The DTG has a total staff of 320, including 90 field. This renown results from both the quality
engineers and 210 technicians. Because of its and accuracy of the measurements and great

. flexible organization, its teams can intervene flexibility
! from the head office at Grenoble or from the regarding the customer's requirements and
I satellite offices at Lyon, Toulouse and Bnve. restrictions.
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I
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jTo contact us
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" Hydraulic Tests Department" 3)-

e

Tel. (33) 76 20 8810 (Grenoble) g
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O

,

, ,

II
I

iDivision Technique G6n6 rale
4,

E=% '79mE 37, rue Diderot - BP 41 - 38040 GRENOBLE CEDEX - France
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2. Tests at accident pressure.

Pa : peak pressure in containment

.:.

Drawbacks :

- test duration
s

danger-

- representativeness
.
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3. Tests at elevated pressure
Pa / 2 s Pt s Paj

10CFR 50, app. J :
Lt : max, allowable test leak rate at Pt

|Ltm
Lt = ------- La Ltm / Lam < 0.7 |

|
Lam

Pt
Lt = ------- La Ltm / Lam > 0.7 |

Po,

Acceptance criterion : at Pt Ltm s 0.75 Lt !

i at Pa Lam s 0.75 La
i

|i BELGIUM : ~
Pt ||

'

!

Criterion : Ltm. s 0.75 ------- La
) Pa |

'

f

! -independent of preoperationalleak rate tests
'l - conservatism ,

a

Tests at elevated pressure con replace the tests
at accident pressure

,,

3
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4. Test methods..

.

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
;

0.25 Lt - 0.1 Ltm

where4
~

/
.

! - Lt = ( Pt / Pa ) . La
4

1
; - Ltm is average of the two measurements
,

no verification test (calibrated ledk test)

CONTLEAK. DOC
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A.2 Calibrated leak test..

.

ANSI /ANS-56.8 -1981 criterion

Lo + Lam - Lc < O'. 2 5 L a

0.75 La < lo < 1.25 La

modified for P < Pat

lo + Ltm - Lc ' < 0.25 Lt

'

0.75 L < Lo < l.25 Lt'- t-

i

x

modified for La < 0.75 LtL.' /
LD8

~

g Lo + Lim -Lc < 0.125 Lt + 0.125 Lo

max ( 0.75 L m,0.1 Lt ) < Lo < 1.25 Lti
t
,

CONTLEAX.CCC
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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

|

|
~

'

Of versus JAP AP: -20 mbar -->+60mbar
.

4

.
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f
Tests during 6peration can detect a leak of 1 cm '

in diameter i

,

h O f'6 0 ( N m 3 / h )
Plant ;

i

3.1T1 -

:

4.3D3 -

!
''

D3 3/8" 22.5

D3 3/4" 94.7
!

\
r

)

|

+

. |

Criterion : Of 60 mbar
; 17 Nm3/h

.
|s
|

|

1
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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 fifteen
days

i
1

*

i
m.

.

|

|

CONTLEAK. DOC
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NEW BELGIAN POSITION ON CONTAINMENT
LEAKAGE TESTING

-,

B. De Boeck '

Association Vingotte
Suret6 Nucleaire
Avenue du Roi, 157
B-1060 Bruxelles, BELCIUM

ABSTRACT

The containment leakage testing requirements .(up to now 10 CFR
50 App. J) have recently been revaluated in Belgium. The crite-
rion for type A tests at half the accident pressure has been
strengthened, but the periodicity has been relaxed. New overall
leakage test at very low overpressure have been required afte.r
each extended cold shutdown period. A few items of the procedure
for type A tests have been modified. It is felt that the'new
requirements improve the safety but also lower the burden of the
containment leakage tests.

1. INTRODUCTION

For more than ten years, the leakage tests of the Belgian con-
tainments have been made in accordance with 10 CFR 50 appendix
J. With this experience, and in view of the recent developments
in France and in the USA, it seemed usefull.to reassess the
leakage tests methodology. Therefore, a working group with re-
presentatives from the utilities, the . architect engineers and

:the licensed organization . was set up in 1984. The final repor-
#has been published in April 1986 and shows that some aspects
of the present' methodology can be modified and that the result
offers a better compromise, combining the safety requirements
and the operational ones. This ~ paper gives the conclusions of

'

the report.

.
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2. TESTS AT ACCIDENT PRESSURE
|

Is called " accident pressure" and abbreviated Pa, the peak pres-
sure in the containment, following a design basis accident,
like mentioned in the Safety Analysis Report (definition identi-
cal to the one from 10 CFR 50).

';

It is felt that leakage tests at accident pressure are not war- f

ranted. The main reason is that their operational burden is not
balanced by a clear safety benefit. The main drawbacks of.these

,

'

tests are:

-~ Test duration
The duration of such a test is clearly larger than the one of
a test realised at a lower pressure (more important prepara-
tion, longer pressurization and depressurization).

- Danger
Even if such a test does not represent a dangerous loading ]
for the containment, it is nevertheless true that it increases
the risk of fires and the difficulty to fight these, and that
it increases the risk of damaging equipments in the . contain-
ment.

- Representativeness
The Pa pressure is not representative of the real pressure ;
in the containment after a design basis accident, on the one [
hand because of the margins and conservative assumptions taken f

in the calculation of Pa, and on the other hand because of the
,

depressurizing effect of the containment cooling systems. Some ,

of the type A tests performed in Belgium have showa higher ;

leakage' rates at half Pa than at Pa. |
i

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

3. TESTS AT ELEVATED PRESSURE

Is called " elevated pressure" and abbreviated Pt, any pressure
between Pa/2 and Pa, Pa and Pt being expressed in relative bars.- t

The 1980 edition of the 10 CFR 50 App. J, permits to do leakage
tests at a pressure equal to the half of the accident pressure'. ,

-

The leaktightness criterion is taken from the leakage ' rate at {
'

full pressure and the one at reduced pressure, measured during
the preoperational tests. Now, these measured leakage rates j

are tainted with errors being bigger when the leakage rate- is .

lower, which is generally the case. One calculates then the [
ratio of the two leakage rates, and dependice on the result, one
uses for the criterion, either the ratio itself, either the

!

i

i
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square root of the ratio of the pressures. If the ratio of the
leakage rates is used, one has seea that this ratio is not knowa
with accuracy, but even if it were the case, then nothing indica-
tes that it remains constant during the entire life-span of the
containment. On the other hand, the square root of the ratio of
the pressures does not represent the most pessimistic extrapola-
tion lav which can be obtained.

This does not imply that one should reject tests at a pressure
lower than Pa, but rather that it is necessary to establish
a more satisfactory criterion. The new Belgian criterion is:

PtLtm f 0.75 La
Pa

where - La is the leakage rate considered in the accident analy-
sis

- 0,75 is an arbritary factor to cover the possible rise
of the leakage rate in the interval between two tests

- Ltm is the 95: upper confidence limit of the measured
leakage rate (appendix 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 in this criterion, is the one of the ratio of the relative
pressures. This law is close to the law of the laminar flos,
which gives the strongest variations of the leakage rate .-
function of the pressure. This law does not take into considera-
tion the leaks with a threshold effect. Yet, the influence of
such leaks is considered to be weak, as preoperational tests
have shown.

To conclude, tests at elevated pressure can replace the tests
at accident pressure if (1) the law of the ratio of the relative
pressures is used to extrapolate the leakage rate and if (2)
the test pressure is at least equal to Pa/2. There is no the3-
retical justification for the factor 2, but it seems desirable
to test the containment at a pressure which is (1) not too dif-
ferent from the maximum pressure expected in the containmeat
after accident, which (2) permits to measure the leakage rate
with a reasonable accuracy, and which (3) limits the span 2a
which the leakage rate has to be extrapolated.

4 TESTS AT REDUCED PRESSURE

4.1 Principle

|
In addition to the tests at elevated pressure, it is possible t2 |
perform leakage tests at a reduced pressure (i.e. lower thes ]
Pa/2), during operation. Such tests are in use in France aid '

'

I
i

|

1

'

,

,
- - - .
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have been performed experimentally in Belgium.- The decision
has been taken to do them periodically (see 5 5). The goal of
these tests is not to measure accurately the leakage rate of the
containment, but to detect any gross leakage path.
In normal operation, the pressure in the reactor building has
a tendency to increase owing to the leakages of the compressed
air system. If one measures the flow of incoming air, the pres-
sure, the temperature and the humidity- in the building, it is
possible to calculate the leakage rate. For a typical test, the
pressure is allowed to go from - 20 mbar to + 60 mbar. This
extends on few days and measurements are taken every hour.
Symbols:

Q: flow of incoming gas (Nm /h)
P : absolute pressure in reactor building (mbar)
T : absolute temperature in reactor building (*K)
X : absolute humidity in reactor building

(kg of water /kg of dry air)
Pv: partial pressure of water vapour (mbar)

bui} ding (Nm 3)V : quantity of dry air in reactor
Vr: free volume of reactor building (m )

One has:

" ~
0.622 + X

and P - Pv 273y y,
,

1013 T

This computation is done at a regular interval delta t, and each
time one computes delta V, the difference between V at time t and-
t - delta t. The leakage flow is then:

Qf =QoV
,

ot

At each time step one measures also delta P, the differential
'

pressure between the reactor building and the outside. The va-
lues of Qf are then plotted in function of.the squa re - root of
delta P (Qf is expected to be proportional to the square root of
delta P). A straight line is then computed by the least squares
method and translated to go thru the point Qf 0 for delta P= =

0. The value of Qf for delta P 60 mbar (Qf60) is then compared-

with the criterion.

,

e~- - , - -- - ,--m- - , , . w _ . _- - _ _ __ _ - - - _ _



. - --

1e.

-3 -,

This criterion in Belgium is 17 Nm3/h, which corresponds to a
,

circular hole of I cm in diameter. This value was chosen on the. |basis of the accuracy of the method used up to now, the goal l

beiag to minimize, on one hand the probability of not detecting |an important leak, and on the other hand, the probability of
istarting a search f or a non existent leak.

4.2 Experimental results

Tests have been performed in 1985 at Tihange I and 2, and Doel i3, to show the feasability of such tests. Some results are givea i

below. Tests have been done with a normally isolated contain-
ment, like it is in operation, and also with different leakage
paths. A few times, the leakage flow has been measured with a
flowmeter installed on the leakage path.

It should be noted that for tests 8 and 9, there were head losses
in the line in addition to the 3/4" flow restrictor.

TABLE 1

N' UNIT 0 opening Qf60 3 Q at e ta Ph /h
Nm /h i mbar

,

1 Tihange 1 / 3.1 |
2 Doel 3 / - 8.6 ',

3 Doel 3 / 4.3 I

I
4 Doel 3 / - 1.0 ,

'5 Tihange 1 7 c:m 11.0 11 60
,

6 Doel 3 3/8" 18.8 i

.

7 Doel 3 3/8" 22.5 ' 19

'20 38
.

8 Tihange 1 0-+3 / 4" 0,7/28.1 1

4

9 Tihange 1 3/4" 32.5 33 60,

10 Doel 3 3/4" 94.7 34 ', 9

e
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The conclusions of these tests are:

- small holes can be detected, the detectability limit is at
around 10 Nm3/h, or a hole of 7 mmm in diameter

- the accuracy of the method is good, as can be seen from the
measured leakage flows (based on the square root of the ratio
of the pressures, the flow extrapolated at 60 mbar is 25 Nm3/h
for test 7 and 88 Nm3/h for test 10)

- it is important to accurately measure the temperature and
humidity variations in the containment during the tests.

- a pressure range from - 20 mbar to 50 mbar is to be considered
as a minimum to get a good accuracy, especially for small
holes.

5. PERIODICITY OF THE TESTS

It is unlikely that the containment, apart from the penetrations,
will change significantly on a time scale shorter than ten
years. Experience from the United States shows that when a test
at elevated pressure fails, it is nearly always due to one or
more leaking penetrations.

If one dissociates, for the test at elevated pressure, the func-
tion which verifies the leak tightness of the containment itself
from the function which detects holes left inadvertently, then a
periodicity of 10 years is acceptable for the tests at elevated
pressure. The second function would then be realised on the
one hand by the periodic tests of the penetrations (type B and C
tests), and on the other hand by the tests at reduced pressure.
These should be done when a possibility exists of having a loss
of leaktightness of the containment. In Belgium, a test at redu-
ced pressure will be done after each cold shutdown of more than
fifteen days.

6. MISCELLANEOUS

6.1 Use of two measuring methods in parallel

In Belgium, the overall leakage rate tests are usually performed
with the absolute method and the reference vessel method. These
two methods are practically independent and their results can
thus be used for mutual validation. Therefore it is not always
necessary nor to pursue the test for 24 hours, nor to perform
the calibrated leak test to verify the accuracy of the measures.
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1. End criterion.

If both methods furnish, over a period of at least 8 hours
and with at least 30 measure points, a leakage rate value
which meets the criterion presented in 5 3, then one may end
the measurement.

2. Concordance criterion.

It is not necessary to initiate a verification test (for
example: calibrated leak) if at the end of the measuring
period the difference between the leakage rates measured by
each of the two methods over the last 8 hours is less than:

0.25 Lt - 0.1 Lem

where: - Lt La=

Pa

- Lem is the average of the two measurements of the
leakage rate.

This criterion is largely arbitrary.
The principles which have led to its establisment are the
following. The fixed term (0.25 Lt) is drawn from the suc-
cess criterion of the calibrated leak test of ANSI /ANS-56.8-
1981 (see 5 6.2). The proportional term (0.1 Ltm) forces to a
better concordance when the leakage rate is close to the ma-
ximum admissible value. In that case, it is indeed more use-
ful to be sure that the leakage rate is correctly measured
than in the case where the leakage rate is well below the
criterion. In total, one obtains a concordance criterion
which is consistent with the expected accuracy or the measu-
ring methods used until now and which offers a reasonable
guarantee that the leakage rate is correctly measured.

6.2 Calibrated leak test

If, during a leakage rate test at elevated pressure, only one
measuring method is used, or if the concordance criterion men-
tioned in 5 6.1 is not met, it is necessary to perform the ca-
librated leak test (or an equivalent test). The success cri-
terion of this test, laid down in ANSI /ANS-56.8-1981, is only
applicable in case the test pressure is equal to Pa and the
superimposed leak is equal to about La.

4
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To recall, the success criterion of this test is the following:

|Lo + Lam - Lei f 0.25 La
where - Lo is the superimposed leakage rate

- Lam is the leakage rate measured before the calibrated
leak is put into service
Le is the leakage rate measured after the calibrated-

leak is put into service

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

- Pt Pa=

- 0.75 La f to f 1.25 Lt .

It is easy to adapt this criterion in case Pt < Pa .

+ Ltm - Lcl 6 0.25 Lt|Lo

Pt
where Lt La=

p,

The conditions for application are:
.

- Pa/2 4 Pt 4 Pa (relative bars)
- 0.75 Lt 4 Lo 4 1.25 Lt

If one chooses to take Lo lower than 0.75 Lt, this critertaa
looses its sense because it becomes too easy to meet. It is
therefore necessary to adapt it. The following adaptation is
proposed:

|Lo + Ltm - Lcl$ 0.12) L '. + 0.125 to
The conditions for application are:

- Pa/2 4 Pt 6 Pa (relative bars)
- max (0.75 Ltm; 0.1 Lt) 4 Lo ! 1.25 Lt

This criterion has the following advantages:

- it remains simple
- it adapts itself to the value of Lo

it is close to the ANSI criterion when Lo is close to Lt-

One can note that (1) Lo may not be lower than 0.1 Lt if one
wants to have a calibrated leak which remains in the measurable

,

range, and that (2) the factor 0.125 is chosen arbitrarily equal
to half the factor 0.25 of the uncorrected criterion.

. -
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6.3 Extrapolation of the leakage rate

According to the law one chooses to characterise the leaks of the
containment, one obtains different relations between the leakage
rate at test conditions and the leakage rate at accident condi-
tions. The most conservative law is that of the flow of a ven-
turi, which results in a leakage rate after accident 1.4 times $
higher than in test conditions-(at the same pressure). ]

The French use, for their plants with liners, the law of the
turbulent flow in a rough pipe, which is a little less conserva-
tive and gives a factor 1.35.
In France, the criterion is thus: j

l

Lam f La*

0.56 La=

It is on the other hand useful to note that the factor 0.75
of the relation

Lam f 0.75 La

of Appendix J of 10 CFR 50 is not a factor to cover an extrapo- .

"

'lation of the leakage rate towards accident conditions, but
actually a margin to cover a possible rise of the leakage rate

,

until the next test. *

Still, in Belgium, for the calculation of the radiological con-
sequences of a LOCA, it is supposed that the leakage rate o f. _f

the - con tainme nt stays at its maximum value during 24. hours and ,

is thereafter reduced to half of that for the remaining time,
whereas the pressure in the containment is rapidly brought down.
Consequently one disposes here of an important conservatism.

To conclude, as long as these assumptions are conserved.for the !
calculation of the radiological consequences, it is not necessary |
in the criterion of $ 3, to include a supplementary factor to !

cover the rise of the leakage rate during accident conditions.
'

.

t
t

!

7. CONCLUSIONS :

The establisment of a working group composed of representatives
from the utilities, the architect engineers and'the licenced
organisation, to treat a precise technical subject, has led to :

the proposal of a notable improvement of the strategy applied to
the overall leakage rate tests of the containment. !

!

. - . , - - . ., m_. . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _
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The main improvements are: <

!- shorter tests (on the condition to use two independent measu-
!ring methods)
,

!

|-an lacreased confidence la meeting the objective of leaktight- |ness (through the use of a criterion independent of the preo-
perational tests and based on a conservative extrapolation law)

- an increased confidence in maintaining the leaktightness of the
containment during operation, despite a lower frequency for
the tests at elevated pressure (by performing tests at reduced
pressure during reactor operation).
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NUCLEAR SAFETY 15 april 1986
0/ref. 86AXO362

E S N / 8 5 / 014 e.n

REPORT OF THE WORKING GROUP
ON CONTAINMENT LEAKAGE TESTING

I. INTRODUCTION

After ten years of operation of the first Belgian nuclear units,
it seemed useful to use the accumulated experience on leakage
tests of the reactor building, to revaluate the methodology in
this field.

To this end, a working group composed of representatives from
the utilities,the architect engineers and the licensed organiza-
tion was set up around mid-1984 Six meetings have taken place
between the end of 1984 and'the beginning of 1986. The list of
the participants is given in appendix.

Until now the American methodology has been used in Belgius.
This report shows that certain aspects of this methodology can
be modified and that the result offers a better compromise com-
bining the safety requirements and the operational ones. As far
as the aspects which are not treated in this report are concer-
ned, the American methodology continues to apply. On the other
hand, the group proposes to endorse the deviations accepted
until now in this field.

11. TESTS AT ACCIDENT PRESSURE

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

It is not desirable to make the leakage tests realised at the Pa
pressure mandatory after the start-up of a nuclear unit. They
actually present drawbacks which are not balanced by evident
advantages. These drawbacks are:



.
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:
|

- Test duration |
The duration of such a test is clearly larger than the one cf |
a test realised at a lower pressure (more important prepara-
tion, longer pressurization and depressurization).

i

- Danger j
Even if such a test does not represent a dangerous loading for

,

the containment, it is nevertheless true that it increases the )
risk of fires and the difficulty to fight these, and that it
increases the risk of damaging equipments in the containment.

|

1
- Representativeness !

The Pa pressure is not representative of the real pressure
in the containment after an accident, on the one hand because
of the margins and conservative assumptions taken in the cal-
culation of Pa, and on the other hand because of the depressu-

,

rising effect of the containment cooling systems. i

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

;

III. TESTS AT ELEVATED PRESSURE.

Is called " elevated pressure" and abbreviated Pt, any pressure>

between Pa/2 and Pa, Pa and Pt being expressed in relative bars.

The 1980 edition of the 10 CFR 50 App. J, permits to do leakage
tests at a pressure equal to the half of the accident pressure.
The leaktightness criterion is taken from the leakage rate- at
full p re s s u re and the one at reduced pressure, measured during
the preoperational tests. Now, these measured leakage rates
are tainted with errors being bigger when the leakage rate is
lower, which is generally the case. One calculates'then the
r e '. i o of the two leakage rates, and depending'on the result, one
uses for the criterion, either the ratio itself, either the
square root of the ratio of the pressures. If the ratio of the
leakage rates is used, one has seen that this ratio is not known
with accuracy, but even if it were the case, then nothing indica-
tes that it remains constant during the entire life-span of the
containment. On the other hand, the square root of the ratio of
the pressures does not represent the most pessimistic extrapola-
tion law which can be obtained.

r

i

#
P
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This does not imply that one should reject tests at a pressure .

lower than Pa, but rather that it is necessary to establish
a more satisfactory criterion. The proposed criterion is:

'Ltm f 0.75 La
Pa

where - La is the leakage rate considered in the accident analy-
sis

- 0,75 is an arbritary factor to cover the possible rise i

of the leakage rate in the interval between two tests
- Ltm is the 95% upper confidence limit of the measured :

leakage rate (appendix 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 in this criterion, is the one of the ratio of the relative
pressures. This law is close to the law of the laminar flow,
which gives the strongest variations of the leakage rate in

i

function of the pressure. This law does not take into considera- |
tion the leaks with a threshold effect. Yet, the influence of ;

such leaks is considered to be weak, as preoperational tests j

have shown. |

|

To conclude, tests at elevated pressure can replace the tests
at accident pressure if (1) the law of the ratio of the relative
pressures is used to extrapolate the leakage rate and if (2)
the test pressure is at least equal to Pa/2. There is no theo- 1

retical justification for the factor 2, but it seems desirable
to test the containment at a pressure which is (1) not too dif-
ferent from the maximum pressure expected in the containment
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 reference vessel method. These
two methods are practically independent and their results can
thus be used for mutual validation. Therefore it is not always
necessary nor to pursue the test for 24 hours, nor to perform
the calibrated leak test to verify the accuracy of the measures.

'|
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1. End criterion.
i

If both methods furnish, over a period of at least 8 hours.
and with at least 30 measure points,.a leakage rate value

.

which meets the criterion presented in i .II I , then one may
end the measurement.

,

2. Concordance criterion.
,

It is not necessary to initiate a verification test (.for |
example : calibrated leak) if at the end of the measuring
period, the difference between the leakage rates measured by .;
each of the two methods over the last 8 hours is less than ~

0.25 Lt 0.1 Ltm-

,

P}*where: - Lt La !=
p

- Ltm is the average of the two measurements of the
'leakage rate.

This criterion is largely arbitrary. The' principles which
have led to its establisment are the following. The fixed -

term (0.25 Lt) is drawn from the success criterion of the <

calibrated leak test of ANSI /ANS-56.8-1981- (see 5 V). The
proportional term (0.1 Ltm) forces to a better concordance
when the leakage rate is close to the maximum admissible va- .;
lue. In that case, it is indeed-more --usef ul. to be -sure that
the leakage rate is correctly measured than in the case where
the leakage rate is well below the criterion. In total, one
obtains a concordance crite rion which is consistent with the [
expected accuracy of the measuring methods used until now'and' |

which offers a reasonable guarantee that the leakage rate is ;
correctly measured. ;

,

t

V. CALIBRATED LEAK TEST

If, during a leakage rate test at elevated pressure, only one ;

measuring method is used, or if the concordance criterion men- |
tioned in i IV.2 is not met, it is necessary'to perform ~ the

~

'

i calibrated leak test (or an equivalent test). The success cri-
terion of this test, laid down in ANSI /ANS-56.8-1981, is only I

applicable in case the test pressure is equal to Pa and the- '

superimposed leak is equal to about La.

:
!

I
L
!

i

.i
!

t
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To recall, the success criterion of this test is the following

|Lo * Lam - Le | f 0.25 La ,

where - Lo is the superimposed leakage rate
- La s is the leakage rate measured before the calibrated

leak is put into service
- Lc is the leakage rate measured after the calibrated

leak is put into service

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

- Pt Pa=

- 0.75 La 4 Lo 4 1.25 La
It is easy to adapt this criterion in case Pt ( Pa :

|Lo + Lem - Lc| f 0.25 Lt
Pt

where Lt La=
p ,

The conditions for application are :

- Pa/2 4 Pt f Pa (relative bars)
- 0.75 Lt 4 Lo 4 1.25 Lt

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

,

|Lo + Lem - Lc| 4 0.125 Lt + 0.125 Lo
,

4 The conditions for application are:

, - Pa/2 8 Pt 4 Pa (relative bars)
- max (0.75 Ltm; 0.1 Lt) f Lo 4 1.25 Lt j

This criterion has the following advantages:
!
1

-it remains simple
it adapts itself to the value of Lo-

- it is close to the ANSI criterion when to is close to Lt
I
'

One can note that (1) Lo may not be lower than 0.1 Lt if one
vants to have a calibrated leak which remains in the measurable
range, and that (2) the factor 0.125 is chosen arbitrarily equal
to half the factor 0.25 of the uncorrected criterion.

I
.

!

. _ . . . .--- A
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V1. 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 different relations between the leakage
rate at test conditions and the leakage rate at accident condi-
tions. The most conservative flow is the flow of the venturi
type which results in a leakage rate after accident 1.4 times
higher than in test conditions (at the same pressure).

The French use, for their plants with liner, the law of the tur-
bulent flow in a rough pipe, which is a little less conservative ;
and gives a factor 1.35. In France, the criterion is thus :

!

0.75Lam f * * **

1.35

It is on the other hand useful to note that the factor 0.75 of !
tt e relation !

Lam 4 0.75 La
|

of Appendix J of 10 CFR 50 is not a factor to cover an extrapo- |
lation of the leakage rate towards accident conditions, but j
actually a margin to cover a possible rise of the leakage rate l
until the next test.

Still, in Belgium, for the calculation of the radiological con- |

sequences of a LOCA, it is supposed that the leakage rate af |
the containment stays at its maximum value during 24 hours aad
is thereafter reduced to half of that for the remaining time,
whereas the pressure in the containment is rapidly brought dowa.
Consequently one disposes here of an important conservatis3. I

To conclude, as long as these assumptions are maintained for the
calculation of the radiological consequences, it is not necessarv
in the criterion of 5 III, to include a supplementary factor

.

to cover the rise of the leakage rate during accident conditions. I

VII. TESTS AT REDUCED PRESSURE

In addition to the tests at elevated pressure, it is possible to
perform leakage tests at a reduced pressure (i.e. lower thaa
Pa/2), and where the goal isn't any more to mesure the leakage ;

rate of the containment but to detect an important leak.

|

l

|

1
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The French, -for example, measure continuously the leaktightaess
of the reactor building, during reactor operation. The principle
of this measurement is the following. In normal operation, the
pressure in the reactor building has a tendency to increase
owing to the leakages of the compressed air system. If one mea-
sures the flow of lacoming air, the pressure, the temperature ,

and the humidity in the building, it is possible to calculate
the leakage rate. These measurements are made with the pressure
varying from -40 to +60 mbar.

It is desirable to perform these tests once the temperatures in
the reactor building are stabilized. Operational experience has
shown that a period of two to three weeks was necessary to
obtain this stabilitation. It should thus be possible to obtain
the result of a measurement at the latest after one month of

.

'

nominal temperature and pressure in the primary circuit.

If such a test shows an unacceptable leak, the actions to be
taken should also be specified. Given the importance of a leak-
tight containment to reduce the consequences of a radioactive
release in the reactor building, it is imperative to quickly
suppress the leak or to go to cold shutdown.

On the other hand, it is necessary to have the time to find
the leak, to suppress it and to redo the test, without having
to face transients who themselves carry risks.

Following tests carried out in Belgium, the proposed a .: t i o n
is : after the startup of the unit, and at the latesc after two
months of nominal temperature in the primary circuit, it should
be shown that the leak of the containment is lower than the one
resulting from a hole of I cm in diameter in a plate; in the
opposite case the unit shall be brought to a cold shutdown at
the end of the two months.

The values indicated in this action could be reviewed when the
experience will be larger. The hole of I cm is chosen on the
basis of the accuracy of the method used up to now, the goal
being to minimize, on the one hand the probability of not detec-
ting an important leak, and on the other hand, the probability
of starting a search for a non existent leak.

. _ _ _



,

_ _ . _. .. .. _

'

s

- 3 -
.-

1

;

VIII. PERIODICITY OF THE TESTS ,

I

It is unlikely that the containment, apart from the penetrations,
1will_ change-significantly on a time scale shorter than ten years.

Experience from the United States shows that when a test at ele--
'vated pressure fails, it is'nearly always due to one or more

leaking penetrations. ;
,

If one dissociates, for the test at elevated pressure, the func-
tion _which verifies the leaktightness of the containment itself ,

from the function which detects holes left inadvertently, then a
periodicity of 10 years is acceptable for the tests at elevated [

'pressure. The second function would then be realised on the one
hand by the periodic tests of the penetrations (type B and C
tests), and on the other hand by the tests at reduced pressure. ;

These should be done when a possibility exists of having a loss '

of leaktightness of the containment. It is proposed that a test
at reduced pressure should be done after each cold shutdown of
more than fifteen days,

t

IX. CONCLUSIONS

The establisment of a working group composed of representatives
from the utilities, the architect engineers and the licenced' |

organisation, to treat a precise technical subject, has led to
the proposal of a notable improvement of-the strategy applied to
the overall leakage rate tests of the containment.

!The main improvements are:

- shorter tests (on the condition to use two independent measu-
ring methods)

- an increased confidence in meeting the objective of leaktight- !

ness (through the use of a criterion independent of the preo-
perational tests and based on a conservative extrapolation law) !

- an increased confidence in maintaining the leaktightness of the
containment during operation, despite a lower frequency for ,

the tests at elevated pressure (by performing tests at reduced
pressure during reactor operation).

e

f

,

'

b
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|
LIST OF THE PARTICIPANTS OF THE WORKING GROUP .

ON CONTAINMENT LEAKAGE TESTING
-----------------------------------------------
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,

it was decided in Belgium in 1986 to reduce the frequency of the type A leakage tests of the contamment and to perform
annual km pressure leakage tests during reactor operauon These tesu require special care if a good sensitmty and thus a haga
probabihty of detecting pre-ensung opemn&s ts to be achaeved. De expenence so far has been very satisf actory, he bterature
shows that the probabahry of pre-cusung openings is relauvely tugh. Containment leakage tests performed dunng reactor
operataon can ugnificantly tocrease the probabshty of detectmg prew:usung openmgs, and therefore reduce the ruk of severe
accidenu-

1. Introduction stabtlise the condidons (temperature, humidity) in the
reactor building, to perform the test, to correct possible

in 1986 the contamment leakage testmg require- problems and in that case to p*rform an additional test.

ments were modified in Belgium ll). Type A tests ull Therefore the reqturement introduced in the Techrucal

be performed every 10 years, but the integnty of the Specifications of the plants i: 1e following: if after two
containment will be vertfied at least every year by a months of maintaming the primary circuit at a tempera.

global low pressure leakage test performed durms reac. ture above 260*C, it has not been showt1 that the

tor operauon. This test has the capability to detect leaks leakage rate of the containment is below 17 Nnf h (i.e./

that correspond to a bole of 0.7 cm in diameter or more. about 0.7% / day), the plant shall be brought to cold
To actueve this sensitivity it is necessary to choose the shutdown.

tnstrumentadon carefully and to follow a good proce- This type of requirement is unusual in the Techrucal

dure. Specifications because normally the frequency of the
Because the contamment is an important factor in test is given and then some time is allowed for actions if

mitigatmg the consequences of a severe accident, it is the test is failed. Here the two are combtned The
necessary not only to assess its integrity after the acci. reason for this is to give some incentive to the utilities

dent has taken place, but also to ensure that it is to perform the test as soon as possible after restart.

leaktight before. Containment leakage tests performed Indeed this gives them more time for correedse mea-

dunns reactor operadon have this capability. They are sures, should tbc test fail.
,

therefore an important step in any severe accident risk
reduction scheme, because the probability of pre <ust- 1.1. Test methodology

ing openmss, as docurnented up to now in the litera-
ture, is relatively high. In normal operation, the pressure in the reactor

building has a tendency to increase owmg to the leakage~

of the compressed air system. If one measures the flow

2. Low presstre containment leakage tests of incommg air, the pressure. the temperature and the
hurmdity in the buildmg. it is possible to calculate the

It is now mandatory in Belgium to measure the leakage rate [1]. 'Ibe absolute method and/or the refer-

leakage rate of the contamment after each cold shut. ence vessel method can be used.

down of more than fifteen days. This test is performed For a typical test, the pressure is allowed to go from

dunng reactor operation. Some time must be allowed to -20 mbar to + 60 mbar. A least the range between 0

0029-5493/90/$03.50 01990 - Elsevier Science Publishers B.V. (North-Holland)
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flow-meters on the compressed ur system. Wese are
and 50 mbar should be covered if one wants to have athermal flow meten which need no correcuon for tem-
reasonabic accurracy The pressure tnerease rate is nor- perature and pressure. To save a penetrauon. the prew

,

mally in the range of 0.5 to 1 mbar/h. A test therefore sure difference between the contautment and the aux.i
lasts for a few days. The riutumum test duranon should shary buddsng is not measured directly, but is computed ' |
be 50 h, to be able to get enough data points. If dunng from absolute pressure meuurements. The absolute

'

the test, the atmospheric pressure drops suddenly and
4 the manmum differential pressure is reached before 50

pressure in the containment is also needed to compute
4

'

the mass of air.

[ h, the test should be performed again. The temperature is measured using about 30 platinum
All the parameters are measured every 30 s. De

values are averaged over 15 min and this gives one data
probes distnbuted in the containment volume so as to
give the best possible average v:mperature. The bunud-

,
i

point. A typical test gathers 200 to 400 data potats. Thisity is measured by 5 to 10 hthium :h4nde probes. In
.

*

is done by means of a personal computer. The data the absolute method the air mass change tn the contun-
points are plotted in a graph showing the leakage rate as ment during each time step is computed from the ab- ,

g a funcuen of the square root of the differenual pressure solute pressure, the temperature and the bunudity. In f
between the reactor building and the sunliary building. the reference vessel method the ur mass change is ''

I During the test, care should be taken not to disturb cornputed from the absolute pressure, the pressure dif. I
'

the condinons in the reactor building, Airlock move- ference between the reference vessel and the contain.'

ments should be avoided as far as possible. Tbc ventda- ment, and the hunudity. For both methods, the fre:
non and the cooling of the contaminent should be very volume of the containrtwns must be known.
stable. The method takes care of temperature varuuons The difference between the air mass change com- i'
but the representativity of the temperature measure- puted from the parsmeters in the containment. and thei
ments is never perfect. Therefore any dtsturbances in air mass change measured by the flowaneters on theI
the temperature distribution in the containment will cornpressed air system, is the leakage flow of the con. ;

i lead to a greater spreading of the data points. imament. This leskage is then plotted versus the square ''

j root of the differential pressure between the reactor
j

building and the auxiliary building,
3. Resmits from the low pressure tests A straight line is then computed by the least square '

method. ConventionaHy the leakage rate is expressed a
,

q
The tests performed in Belgium use the same instru- the difference between the value at 60 mbar and th

mentation u the type A tests, with the addition of the
-

tl
1

Table 1i
Results from the now preuure kaiage tests

| Reference veuct

I Test Absolute

Qf0 Qf60 e Qf60 QIO Qf60 e Omo

(N n//h)
(N ar'/h)ji

Doel 3 10/37 2.4 03 116
'

10/37 2.3 0.3 0.73*

9/38 - 4.9 2.1 0.34 - 5.6 3.8 8 89
i

Doel 4 6/s3 2.4 12 0.66 1.0 5.1 1 23;

Tihange l t/g7 - 14.1 1.6 1.22 - 12.9 - 1.7 1 44

1/37 - 14.2 18 1.33

4/s8 2.3 - 0.9 OA9

Tihange 2 4/87 - 0. 3 34 0.90

5/84 76 3_5 0.25

Tihange 3 7/s1 2.4 1.0 1.34 2.5 07 o7

s/s7 12 -06 1.33 3.1 -16 a 43

1/s8 1.5 - 0.1 0.37 1.6 - 0.1 84

__
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colue at 0 mbar, and is noted as Qf60. The value at 0 Table 2

mbor (is noted as QfD) should theorv6cally be zero, but Unavadabibiy Leak area (in.')
is nearly never so, for two reasons ,

0.022 0.001 to o.01 ;
- the systematic errors of the mstrumentation and the

0.0$ $ 0.01 to 0.1 ,

crror on the free volume of the contamment;
'O

- an unaccounted inflow or outflow of gas, wisch is
mdependent of the pressure in the containment. Total 0.11 j

"Ihe standard deviation is also computed and is a mes- )
sure of the spreading of the data points. This spreadtng
comes from the erTors of the instrumentation and frotn ak tQ w per Wh W MM i

lock of representauvity in temperature and humidity g gg g
measurements wben these parameten vary. For this
reason it is irnportant to have a temperature and a (from less than I cm to several square meters for a

~

jg gg g
2 |

dity wh3ch are as stable as possible in the contain- M hwmpg& !

**#I * ^" * P'"
Table 1 gives the results obtained in 1987 and 1988.

7"'"**** " 3" "I * ** **# 3
These results show that when the containment is leak-

* * * * ***""*****"I '8*****'Sught, Qf60 is lower than 5 N m /h. Therefore if one ^ " * * * * * * **4 I #*E*N 'I ** "" ~

lmeasures a value higher than 10 N m'/h, one is nearly * * * * " " O
sure that there is a leak. A leak of 10 N m'/h at 60 Venu ePau MRs) and imegnted M Rate Test
mbor corresponds to a boie of 0.7 cm in diameter [1). OI D NPwu wen %W to gamer infamana

The standard deviation bes between 0 and 2 N * *"***"I ***** """*5""'
m /h. One should not place too much emphasis on the8

' ' " * * * * * * ** I'** OI' I"I""'"
value of the leakage rate, because the error is of the ti a A Preliminary estimate obtained from the LER
same magrutude as the value measured. data base of containment unavailability due to large -

leakage events (holes in the contamment liner or open
contamment isolation valves)is in the range of 0.001 to

,g 0.01. Contamment unavailability for relatively small
leaks which violate plant Technical Specifications is

To mingate the consequences of a core meltdown. a estimated to be 0.3.
leak tight contamment is very important. In normal g ,, ,

opezauon, three bamers (the fuel red cladding, the tion of leak area were obtained using ILRT data. A first |
reactor coolant system pressure boundary, and the con- g g g g
tammt pressure boundary) protect the environment results shown in table 2 for PWR containment unavaila-
from the release of radioactive material present in the g
fuel. In many core meltdown accidents, the first tw Because type B and C tests are typically performed
bamen are progressively breached and the contamment before an ILRT, the leak rate noted in an ILRT is i

represents the final bamer agamst releases Therefore m smaller than the actual case. Therefore an additional |

severe accident analyses a great emphasis is placed on review of "as found" leakages from type B and C tests
the contamment behaviour [21 Of course if the contain- , gg . M b this e
ment is to remain leaktight during the accident,it has t were added to the previous results and the total unavail-
be leakught at the onset of ibe acxsdent. Different ability is presented in table 3.

.

studies have assessed the kind of preexisting openings
*

end calculated the unavailability,of the containment.

Taw 3
41. Preenstmg openmss

Unava21abibty Leak area (m.8)

Containment unavailability is defined as the prob- 0.0$ 0.001 to 0.01
abthty that the containment will not perform its func- 0.125 0 01 to o.1
tion successfully at any given time dunns plant life. 0.07$ 0.1 to l
Contamment unavailabihty can be due to excessive Total 0.25
eclves or penetrations leakage, valves or penetrauons

'

r
.

w ., a. eseen we P * * *
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The tout unavulabaty ts thus very close to that When companns the unavadabsty versus leak area

' obtamed from the LER data base (0.3). This shows that
from different stu6es, care should be iden of tbc

m the case of an acesdent, the probabasty that the formula used to compute the leak area from the mus
'

contaminent =tilicak in excess of the Techrucal Spatfb flow rate. The Itaban study uses a formula *tuch pves

cauon value, ts in the range of 15 to 30%. results 70% tusher hn those of the forrnuta used in
A samdar study hu been performed tn Belgium. NUREG/CR-4220. The formula chosen depends on

LERs do not cust for Belgian plants, therefore ocjy the a sump 6ons about tbc ledage path in most cases

!LRT reports were used. Because type B and C test the characteristics of the ledage path are either not

reports pve only "as left" results, the type A test known or very complex. Therefore mstead of speakas
of leak area, one should speak of "eqtuvalent" leak

reports =cre used alooe. Twelve ILRT reporu were
andysed, covering about 36 reactor years. Three tests area, corresponding to specific assumpdons

showed a containment fai!ure. These are:
- Doel 2 September 1986: at 0.3 bar overpreuure, an 4.2. Isakage rests dunny operation

open valve was discovered on the personnel ur lock
and was closed.

- Tihange 2 July 1981: at 23 bar owrpressure the
Sectmo 4.1 has shown that the probabdity of pre-ex-

equipment hatch began to led. % hatch is bolted isting openings is high a best-esumate value based oc

frocn outsade and is therefore not self scaling, it wu the exisung literature would lie between 01 and 0.3.

discovered that the torque used for the bolts was too Tims is the probability that at any pven turie the leakage
rase of the containment would be higher ttuin the value

low.
- Tihange 3. July 1984: at 0.4 bar overpressure an open pven in the Technical Spectrications.

line was dacovered on the equipcnent hatch. This line Lankage tests during reactor operation, as defined in

had been used prevsously for sotne tests and had section 2, have the potential to inerene the probabdity
of detecung pre-existing openings. This is to fact ther

been inadvertandy left open.
Using the same methodology as in NUREG/CR 4220

main goal. How effective are those tests in meeung that

cae obtams a containment unavailabdity of 0.13 which goaff
As has been shown in secuco 3 and in ref. [1L theis very close to the value of 0.11 obtained in that desectabdity limit is at around 0 4 cm , or 0.06 in.82

NUREG. From the tables presented in section 41 it can be seen
Ref. [4] also containa a study of pre-existing open- that this would reduce the unavailabWty of the contain-

ings in technscal annez 9. The study was performed is ment by about a factor of 2. More importantly, it would
Italy by ENEA/ DISP and was based on data taken

be the larger holes, and thus those contnbunns the mostfrom Amencan LERs and Nuclear Power Expenence
to the risk, which would be taken out of the unavulabd-

Books. Data from the Italian Operating Experience
were also used. The containment unavailabdity venus say figures.

To quantify the isopact of perforrrung icakage testsleak area obtained in this study is shown in table 4
during reactor operatico on the nsk of severe accidents,The total unavailability is close to tbc value obtained

in NUREG/CR 4220, even if one subtracts the contrb
ces needs a level 3 probabilistic afety n-ent (PSA),
which takes into account the probabthey of pre-eustmg8

buuon from leak areas lower than 0.03 cm , whach
- would not pve a real containment unavailability,

openess venus leak area. Such a study was not availa-
ble when this paper was wnsten. In NUREG-l!$0 (2k
for the analyus of Zion, there is a contamment fadute
bin for pre-exisung openings (failure bta 6 ta tabte 4.3),
but the probabdity assigned to this btnd is edependent

,

of the leak area. In ref. {$1, which ts the octaaled study
Tebts 4

for Zion done for the NUREG 1150. no informauon is
tJasvadat=bry La A aren scar'l given as to how the results of NUREG,CR 4220 have

use N less, pun the rdata% @ peg)

0a64 0.03 to 0.3 abdity of having a bone exceeding the detect 4Nhty hrrut
0 076 0.3 to 3 (between 0.05 and 0.15 as shown eartact a thes secuool,
o.gog 3 go 3o

and pven the targe amount of ra&oactmrv =tuch could
ooos taryr than 30

leak through such an opemng, one can say :oefident!)
-

that the risk reduction would not be negbg>ble.
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5. Conctunons th25 capabibty They are therefore an trnportant factor
in reducing the nsk of severe accidents.

Global low pressure conuunment leakage tests dur- j
ing reactor operauon have been performed in Belg;um i

for more than three years.1he results have been very
MNsatisfactory. These tests allow the detecuon of leaks

2with an area of 0 4 cm ,.

Based on present internauonal experience, the prob- 111 B De Boeck. New Belstan posauon on containment leakage

abthty that at any gsven ume the containment shows a tesung. Proc. T1urd Woritshop on Containtnent Integnty,

leak with an equivalent area larger than 0 4 crn' hu NUREG/CP-0076 (1986).

been showm to be between 005 and 0.15. Low preuare [2] Reactor Rak Reference Document, NUREG-1150 draft
' "'

tests have the capabthey to bring this figure to uro each gg of Contamment Isotauon synem.
time they are perfoM NUREG/CR-4220 0985).

If a severe core accident occurs when there is a hole H] Rw of & CSNI M Fw m h-t Peor-
in the containment, the radiological conuquences can mance. SIN DOC (56)l710%1.
be very h2gh It is important to reduce the probabibty of {$) Evaluauon of sevm Acadent Rm and Potenual for Rah
such a hole as far as possible Low pressure tests have Reducuan Zson Power Plant. NURIC /CR.45$1 (1987).
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1. Background

BELGATOM After ten years of Belgian PWR containment integrated (type A)
c mmercial peration, at the leak tests at a reduced pressure atis the marketing branch of

. request of the Belgian Licensing least equal to half the peak
TRACTEBEL for its Authority, a task force was set up pressure and to measure the
developments and to analyze the results gained from leakage rate (Ltm).

services in the nuclear field. Containment Leakage Rate Testing "The leakage characteristics

BELGATOM's (CLRT) experience. yielded by fpreoperational)
This task force included measurements Ltm and Lam shall

- shareholders are representatives from: establish the maximum allowable
80 % TRACTEBEL . Licensing Authority test leakage rate Lt of not more
20 % BELGONUCLEAIRE. (VINCOTTE) than La x (Ltm/ Lam).

'l . Utilities in the event Ltm/ Lam is greaterAs a consequence,
(EBES and INTERCOM) than 0,7, Lt shall be spec (fied as

nuclear techniques and Architect Engineer equal to La IPt/Pa).'/'"
related senices (TRACTEBEL)

From the test data analysis itdeveloped by
The analysis has evidenced that appeared that:

Companies affiliated some aspects of the U.S. - the measured values of Ltm and
to TRACTEBEL and methodology, applied so far in Lam are affected by errors which

q

,i BELGONUCLEAIRE are Belgium, could be modified in become greater as the actual
rder to reach a better trade-off leakage rate becomes smaller,also marketed through

between plant safety and operation which is generally the case
BELGATOM. requirements, through "on-line low - the first ratio is expected to

pressure" tests. change during the containment
Additionally, this methodology lifetime iju |

'

significantly reduces plant outage the ratio (Pt/Pa) is not i

requirements. conservative for laminar flow
rates along the leak paths. 1

'

It was concluded that after the
containment preoperational leakage The US acceptance criterion was
rate tests performed at peak then analyzed to improve accuracy i

.

pressure (Pa) to measure a leakage and conservatism. l

J 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 1
peak pressure versus the effective {

'pressure in the containment after
an accident

- risks of fire and of damaging
BELGATOM non-safety-related components in

the containment
- long time requested for pressure~ ~"

4 Avenue Ariane 7 raising and measurements.

"''2""""* The 10 CFR50 - Appendix J -
,

Tel. . + 32 2 773 84 96 imposes to perform three times !

Teles : 21.852 TR ACT h over ten years of operation
Telefn : + 32 2 773 99 00

_ _ _ - . - - _ _ _ _ _



..

.

.-

M
V
F 2. Belgian approach;

Reduced pressure tests of at least 8 hours and with at
. least 30 consecutive measurement

* Based on an extensise testing
points, a 14 raw did as

and validation program performed the acceptance criterion, the test
with the research laboratory of the can be stopped.
Belgian utilities LABORELEC
experienced in such testing, Hence this approach does not
another acceptance criterion is require to carry on the test during
defined which is independent of 24 hours, nor to perform the

. the leakage rate measurements, calibrated leak test to verify the
deals with the laminar flow type accuracy of the leakage rate
along the leak paths and leads to measurement.
the greatest leakage rate variation .

* If one method only is used for
versus pressure changes.

reduced pressure tests, or if the
.

* In Belgium, containment leak concordance criterion
tests at reduced pressure (Pt) are ANSI /ANS-56.8 - 1981 is not met,
performed once every ten years it is mandatory to perform a
using both absolute and calibrated leak test (or an
comparative method (reference equivalent test).
vessel method).

A new acceptance criterion for this
. .

These two methods are totally
case was denved from theindependent and their results can

be used for their mutual ANSI /ANS peak pressure test
acceptance criterion to obtain thevalidation.
following advantages:

If each of both measurement easy application
techniques provides, over a period - dependent upon the

CO N T AINM E N T TIGHfNESS ON-LINE MONITOR IN G
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calibrated leak (Lo) inner pressure increase sersus the
close to ANSI criterion when Lo measured one.-

is close to the maximum The containment leakage rate can
allowable leakage rate at reduced be derived from discrepancies
pressure (Lt). between these values.

The calculation code, developed
for the low pressure tests takes

On line low pressure tests nto account the containment
temperature and moisture

Experience shows that the variations during the tests. This
reactor containment liner does code was validated by the
not give rise to tightness problems. experimental results.
Major sources of leaks are The measurements are performed
containment isolation valves and within the pressure range
penetrations. These are periodically 40 mbars to + 60 mbars,

tested with a frequency consistent One or both techniques (absolute
with 10 CRF 50 - Appendix J - method and/or reference vessel
requirements (types B and C tests). method) can be used for these tests.

Therefore, as a complement to the After completion of the leak test,
reduced pressure test method, a verification test can be
another method has been performed by superimposition of a
developed to perform tests at very leak through a calibrated orifice
low pressures consistent with plant typically 3/8",1/2" or 1".
operation, the objective being then Experience shows that, the
to detect, instead of a containment detection limit is lower than
liner " natural degradation", any 5 STPm'/h when normalized to an
gross "' localized" leak such as effective containment pressure of
misaligned valves or left open 60 mbars, typical values of
valves, flanges or instrument i STPm'/h have been measured
connections or a faulty operation for tight containments,
such as, for instance, an An acceptance criterion is
inadvertent drilling through the calculated on the basis of the
containment liner, characteristics of each plant.

Experience shows that these gross For Belgian PWRs, a leak rate of
localized leaks can be evidenced by 17 STPm$/h corresponds, at
continuous containment on line containment room temperature, to
monitoring during plant operation. 10 times the maximum
During normal operation, the allowable leakage rate La
pressure in the containment extrapolated to 60 mbars.
building tends to increase due to Physically it also corresponds to
compressed air leakage from the leak through a hole of I cm
pneumatically operated equipment. diameter in a thin plate at an

effective pressure of 60 mbars..

By monitoring the compressed air
makeup to the containment, it is The experience gained so far
thus possible, through appropriate indicates that such tests can be
measurements and a calculation easily performed in less than
code, to correlate the theoretical 72 hours.



__ _ _ _ _ _ - _ _ - - - - _ -- - - - - - _ - - - - - - - - - - - - - - - - - - - - - - -

++ ; +y
_. _ ..

A-M

~ '~ -

3. BELETEST highlights
. ~ >j

- .

. ,
.

The Belgian approach to - perform such an adaptation,

-

'

' ' f E- "

Containment Integrated Leakage - bring its support during the_ . -
- * * " - ' "

+ ' . Ne Rate Testing combines two testing licensing process with the Safety'

, ?4 schemes: Authorities
' '-

[] .., .] h - a test at reduced pressure once - justify the representativity of the
- E

'' every ten year period instead of method on the basis of its
, , , e .u-M . . .; every three year as usual, experience and the Belgian

f f - a continuous on-line monitoring validation package,
..-1- system. - make available the software to

""#'Y** "# *camements
'

'f This approach rneets the concerns~'..
- assist the Utih.ty during the f,irstof both the Licensing Authority

applicati n f the new method.and the Utilities. The first is
|

'

concerned by the representativity
:

. of the type A usual test prescribed1

by the NRC regulations and the
latter are concerned by the
duration of the shutdown.

necessary to raise the pressure and
to perform the measurements and
by the risks of damage to the non-
safety-related equiments during
such tests.

' '

The Belgian approach does not
only meet these concerns but also
presents other advantages such as:
- a maximum allowable test

leakage rate formula
, independent of the

preoperational test results
* '

- a greater confidence in the
containment integrity thanks to
the continuous on-line
monitoring enabling to

'

immediately detect any small
,

aperture inadvertently left open
through the containment.

'

A similar approach is already used
in some European countries while I
others are also contemplating its I

systematic use. |

The use of this approach for
checking containment tightness
calls for an adaptation of the-

methodology and the software-

i tools in terms of the plar.t

| characteristics.
' 8 TRACTEBEL can:

.


