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MEMORANDUM FOR: Distribution

FROM: Moni Dey, Senior Task Manager
Engineering Issues Branch
Division of Safety Issue Resolution
0ffice of Nuclear Regulatory Research

SUBJECT: TRIP REPORT FOR MEETING WITH SWEDISH NUCLEAR POWER
INSPECTORATE AND VATTENFALL ENERGISYSTEM (UTILITY)
TO DISCUSS APPROACHES 7" CONTAINMENT TESTING

I met with the Swedisn Nuclear Power Inspectorate (SKI) and Vattenfall AB
(Operator of Ringhals 1, 2, 3, 4 and Forsmark !, 2, 3) on July 14, 1883 to
obtain information regarding their approaches .o containment testing and
experience with an dn-Line Containment Integrity Monitoring fystem. A list of
attendees is enclosed. The purpose of the meeting was to obtain design and
implementation information, including the rationale for changes in approaches
to containment testing. The information obtained at this meeting and others
provided as a follow-up will be utilized towards formulating options for the
Performance-Based Containment Testing Regulation currently being developed in
the “Marginal to Safety" program. Data obtained from the Swedes are presently
being analyzed by S. Cohen and Associate and Battelle Columbus Labs, that are
providing technical assistance to the staff, to develop value impact analyses
of rulemaking options including the use of on-line monitoring.

Based on similar approaches adopted in France and Belgium, Vattenfall AB has
proposed three modifications to SKI on containment testing:

1 Extension of the "Type A* integral containment test to once in every 10
years based on historical test data thzt indicate that "Type A" tests do
not reveal any new information beyond that obtained by local leak rate
tests regarding leaktightness of the containment, and only provide
information regarding the structural integrity of the containment. The
interval of Type A tests can be established to confirm the structural
integrity of the containemnt.

- Conduct of local leak rate tests of penetrations and isolation valves
based on failure and performance history since many isolation valves and
penetrations have not failc leak rate tests over the last 10 years of
operational history.

3. Implement an on-1ine monitoring system (desioned by EdF, France) to
provide a gross check of containment integrit. following a cold
shutdown.
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Vattenfall AB is presently conducting tests of the on-line monitoring system
and analyses of historical test data to provide justification of the modified
testing scheme to SKI. They expect to implement the proposed revisions by
early 1994, SKI agreed to provide NRC data and documents that will be
submitted by Vattenfall AB to support testing modifications in Items 1 and 2.

Details of the design and tests conducted to date of the on-1ine containment
integrity monitoring system were provided by Vattenfall AB (see attached
slides presented by Gustaf Lowenheim, papers from EDF, France; Association
Vincotte, Belgium; and demonstration test results of the Belgian system,
*Laborelec®). Vattenfall AB has tested both the Belgian and French systems
which are similar and has decided to adopt the French system based on the
availability of technical support from the vendors. Background documents of
earlier studies that lead to modification of European containment testing
prcotices were also provided and are attached.

The on-1ine monitoring system measures the flow or air into the containment
atmosphere 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 t¢ 0.4
percent volume per day (equivalent to a hole of about 1/2 in. in diameter).
The system is intended to check for gross leakages following cold shutdowns.

The French Sexten System has been installed and tested at the Ringhals Nuclear
Power Station, Units 2 and 3 at an appruximate cost of 2.5 Million SEK/Unit
($0.4 Million/Unit). Results of these tests will Le provided to the NRC when
the tests are completed later this year. Vattenfall AB has encountered some
problems determinining weighting functions for the temperature sensors in the
containment due to large temperature fluctuations from some sensors, weather
pressure variations, and load follow operations during the tests. They
anticipiate resolving these problems and successfully completing the tests.
The problems encountered by Vattenfall AB were not expected by the system
vendors, EDF, France. To date, the system has been successful in detecting
small leaks through the purge valves and radiation monitoring system.

As a result of conflict with vacation periods in France and Belgium, similar
meetings at thnse countries were not possibie in July and have been planned
for October 13413,

Representatives of SKI and Vattenfall AB were very helpful and open in their
discussions regarding their approaches and experiences. They have agreed to
keep the NRC informed of their efforts and findings.

ORIGINAL QNS &Y

Moni Dey, Senior Task Manager
Engineering Issues Branch
Division of Safety Issue Resolution
0ffice of Nuclear Regulatory Research
DSIR/g;B/V/
MDey: [ I>
09/.73/93 “OFFICIAL RECORD CoPY*



Attendees of Meeting on
On-Line Containment Integrity Monitoring System

Kl

Dr. Wiktor Frid
Lars Berglund

Yattenfall AB (Utility)
Gusta? Lowenhielm
Dag Djursing

Bengt Svegner
Lars Frediund

HRC
Moni Dey, RES

Stockholm, Sweden
July 14, 1883
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PURPOSE

*GET A BETTER FOLLOW-UP OF
CONTAINMENT LEAKAGE

- ON-LINE AND "AS-RUN"
CONDITION

*CONTAINMENT AIR TEST
SUPPORTED RY NEW SYSTEM

*IMPROVED
-IA SUPPLY MEASUREMENT
-TEMPERATURE SENSORS

*POSSIBILITY TO SHORTEN OUTAGE
PERIOD



PROBLEMS
DURING COMMISSIONING

* WEATHER CONDITIONS -
HIGH/LOW PRESSURE VARIATIONS

* LOAD FOLLOW

* TEMPERATURE SENSORS TOO
CLCSE TO RCP

* JA TOO LEAK TIGHT (5-20 DAYS)



PLANT DEFICIENCIES

* LEAKS ETC IN APD SYSTEM

(CONTAINMENT AIR WAS
RELEASED TO STACK AFTER
MONITORING)

* PURGE AIR VALVES

LEAK RATE 1-5 Nm3/h BELOW 0,04-
0,07 baré, TIGHT AT HIGHER
PRESSURE



COST

APPR 2,5 MSEK/UNIT (0,4
MUSD/UNIT)

FINANCED BY LONGER CAT TEST
INTERVALS



ACCEPTANCE CRITERIA
< 5 Nm3/h NORMAL CONDITION

5-15 Nm3/h IDENTIFY AND CORRECT
WITHIN LIMITED TIME

>15 Nm3/h INFORM SKi, ACTION
PLAN
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List of equipment

The test equipment used to measure the leakage rate of nuclear containmenis cuning operaticr n-
cludes .

- 34 temperature gauges,
- 4 hygrometry gauges,
< 1 centainment pressure sensor,
- 1 atmospherc pressure sensor,
- 1 data acquisition and processing system consisting of
. 1 acquisition unit,
. 1 laser printer,
. 1 think-jet pnnter,
.1 RS232 link cable,

.1 HPIB link cable.
-
.1 ICADS (Instrument Compressed Air Distnbution Sysiem) flow meter
.1.100 22 precision resistor for calibrating the resistance measurements,






THE MEASUREMENT SYSTEM
Acquisition system

The SEXTEN SYSTEM measurement equipment at Ringhals consists of the same type of equip-
ment as provided for SEXTEN 2 EDF. This enables both systems to evolve simultaneousty.

The equipment used is as follows .

-an HP 75000 B acquisition unit, equipped with & relay boards (8B resistance channels or 16 voltage
channels), a voltmeter, a disk drive, a 20 MB hard disk, and an | BASIC processor ; .

- a laser pnnter, connected in RS 232 to the P 75000, used as a plotter ;
- a thinkjet printer for real time prnting and other messages, recorded in HP1B.

The program is wrnitten in | BASIC. It is executed by the | BASIC processor installed in the HP
75000.
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Temperature gauge

- Precision upon installation :
. Respect the third of the standard DIN 43760, which, for a platinum gauge PT100 at 0°C, gi-
ves : 100 Q20,04 Q or0°C £ 0,1°C.

Hygrometry gauge
LiCi-type hygrometry gauges are used. They must therefore be regenerated for recalibration and 1o
fulfil the precision requirements. it is recommended not 1o have air speeds in excess of 1 MVs.

- Precision alter recalibration or upon installation :
¢ . acceptable error of 2 1°C on absolute dew-point temperature Td
. acceptable error of 5 0,75 mbar over a vanation of 5 to 20 mbar of Hm

Containment pressure sensor
- Precision after recalibration or upon instailation :

. acceptable eror of = 1 mbar at absolute pressure Pc
. error € 0,1 mbar over vanaton of 350 to 1050 mbar of P¢

‘

Atmospheric pressure sensor |

- Precision after recalibration or upon installation :
. acceptable error of = 1 mbar at measured aimosphenc pressure Pa

Mass flowmeter

- Precision during one year of operation :
Error of £ 0,5 Nm3/h on the ICADS flow
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FINGHALS - GAUGES LOCATION

GAUGE CAT ref. | Loc. GALGE CAT ref. | Loc. 'evel
T 023 X506 120 m T 029 K509 140 m
T 024 K546 120 m T 030 K549 140 m
T 025 K526 120 m T 031 K529 140 m
M 003 K527 130 m M O04 |XK544.545] 145 m
T 026 X502 130 m T 032 KS$0S 150 m
T 027 K542 130 m T 033 KE4S 150 m
T 028 | K522 130 m T 034 K522 150 m
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CONTINUOUS MONITORING OF CONTAINMENT LEAKTICHTNESS

THE SEXTEN SYSTEM

s
Direction des Etudes et Recherches

6, quai Watier
78400 CHATOU
FRANCE
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INTRODUCTION

™e containzent leaktightness 18 essential to the safety of PWR nuclear
power plants This wesS 11lustrated by the Three Mile Island accicen
where the containment efficiently pleyed its part in preventing the

release of radioactive gaterials to the atmosphere.

The containment leaktightness 1S usually checked before the unit is
started and, then, periodi:ally by performing {ntegrated leaksge rate
tests. %m. “ghesst tests are earried out before the plant startup/

Cfirst ’remn# snd, after, ten years unless @
‘ﬁadghuw W #8.41n this case,
tests are performed more frequently. The leesktightness is checked at 8

pressure corresponding to the Lost of Coolant Accident that is at 8 § bar
geuge pressure. 2 g o

in France, it was decided tO check the containment leaktightness on @
perzanent besis by installing & W~mnhe SEXTEN,
working during the unit operation.

T™is system has now peen installed in all the French PWR units. It has,
on several occasions, revealed leaktightness defects in the containment
of working units.

KISTORY

The first containsent lesnkage rate tests in an operating ynit were
performed {in 1980. The results of these tests are shown {n Figure 1. The
solid line curve (dM /M) describes the podification of the air mass in the

containment versus time.

During the first phase, the systes ncoz-de? 2

corresponding to @ leakage Trste s 21 Na'/h at 8 52 mbar positive
pressure. The plant radiation sonitoring systes once closed, the sarp:ﬂ £
system peasured an air ingress into the containsent of sbout 6 Km'/h =
(phase 2). During phase 5, once the plant radistion sonitoring lyni'!"ésd‘
the service compressed wir ';’I/dht.riwum systes were closed.’
containment leskage rate st ® 33 abar positive pressure was O Ma’/b. In
conclusion, the test systes detected @ leakage through the plant
radiation sonitoring systes snd an \n&-lind air inleskage into the

containment through the service compressed eir distribution syste®.

This first test, therefore, demonstrated that integrated containment
leakage rate could be pessured during unit operation with an Bet
gufficient to detect leakage probless thet way occur oo TRLEE ;

component.

Following these tests. (n 1981 =nd 1982, snother
{nstrupented and measuresents were recorded for
This test Wwas used as @& basis to define @
{nstrupentation which served As a reflerence

ponitoring systes.
Three of these prototypes were {nstalled in power plants in T
perfec:ed and velidated.

’ Tty b, r



that 8ll EDF PWR units would be equipped withd

st present, the containzent leaktightness in French wunits 2§ being
continuously monitored by the SEXTEN systea.

OPERATING PRINCIPLE

Leakage detection in containments is based on the fact that the pressure
inside the containment is succesively under or gbove atmospheric pressure.

Actually, WHe @! res {de the containment goes up and down® (ref.

rigure 2) e "\;: ‘gn frptrumeht Compressed gir distributior

Wl pedng - consumed by ok wir-opérates valves in the reactor

- e air drawn from cutside is released in the containment where

the pressure slowly rises. PREN aNe presyure reaches & set limit, they

tor guickly depressurizes the eontathsent, End & nev pressurizatioy
aude weging. ot

P UREDE. ACE . A88KS . _shese  say D¢ “Getetred during the posItive %
sugutive pAEEsLrE  PEFIBSs In e 800 LTaBent Dy ssessing UNE gl NESE”
Wiance SH his eensatryl.

This gas oass 1is pessured by the absolute gethod. This method is videly
used for contairme.: leakage-rate tests.

It consists in measuring the aversge partial steas pressure and the
absolute containment air pressure. The Ary air content of the containment
can then be calculated.

The slope of this quantity variation {s equal to the integrated
containment leakage HAaSS flow.

The containment leakage rate can be measured by gubtracting the ICADS air
flow rate injected into the containmsent fros the integrated containment

leakage mass flow.

e choice of the location of the wvarious sensors and of their weighing
for the computation of average values {s essential toO heve Bcrurste

peasurezents. % dpaed

For instance, Figure 1 shovs that the average tesperature varies by
approxizately 1°C and the partial steas pressure by some & mbars Suring =,
chase 2. A disruption can be seen on the curve of the dry air Bass () |
versus tise, but the error level remains low. i ‘ - ]

e

As & pressuri¥arion wycle lusts some 20 days (900 nl;_a!ur."_ﬁ L
jediage TaleE end an  average geuge,  Pressure in ghW 1

sessured every day.




Curves such as those in Figure 3 are cobtained. By analyzing these curves
a precise diagnosis of the containment leaktightness can be made.

To charscterize he containment leaktightness 8 criterion was defined for
the contairment leakage rate &t & positive pressure of 60 mbars (Qf60).
In France, 4in Q00 Mw units, the containment leaktightness is considered
sdequate when QF60 {s below

CRARACTERISTICS OF THE SEXTEN

Several problems likely to affect the containment leaktightness or the
operator of some circuits can be detected with the SEXTEN systen, These
are

- leaks of the components contributing to the containsent lesktightness,
- leaks of the systems running across the containment,
- undesired gas inflow (air, nitrogen).

SEXTEN can be used, once it has detected & probles, as an aid to
identifying the defective circuit or component. Indeed, tharks to the
real-time plotting of the evoclution 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.
exazple in Figure 1).

For a 900 MW unit containgent (free wvolume of about 50 000 :3). the
average uncertainties with the SEXTEN system are :

‘ﬂover s BDour “Wetsuresent period for the containment
integrated leakage rate,

- R o e assesszent oY ®ver a pressurizstion cycle in the

containment.

ﬂr hours of mpasgresgnty U5 confird the developsent,
Ka'/b leekY

The instrusents used in the SEXTEN systes are given in Figure 5.
The systes, strickly speaking, consists of & processing unit, & data
logger, & printer and a plotter. A SEXTEN systes can monitor two
containments simultanecusly. The following sensors are used :
- 1 absolute-pressure tranducer in each containeent,

- 10 temperature sensors in each containment,

- 2 soisture-content sensors in each containmsent,

. 1 flowmeter on the instrument cospressed alr distribution
S p

{ICADS) in each containment,

- 1 atsospheric-pressure transducer.
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- ] L . { et a
1 flowmeter on the instrument compressed air distribution systes
ution vELes

{ICADS) in each containment,
- 1 stpospheric-pressure transducer.

h,mAWiW'Hmﬂy and {¥sues Benpcurégents GuITUNOT BT NEY
Gl of o2 peut¥lvriszstion eycle 48 e poukaligentd At the operator's
request, the evolution of the gas ®ass inside the containment can be
clotted in real time when leaks are locked for.

r-

RESULT ANALYSIS
e SEXTEN systes confirmed that leskage probless may sometimes occur in
the containment of operating units. The leaks are generally located in
the circuits running Aacross the containment, for instance in the plant
radistion monitoring systes, the puclear island vent and drain systes,
the containment gweeping ventilation systes and the containzent
etzosphere monitoring systesm,

The SEXTEN detects these problems and helps the cperator to locate the
leaks.

CONCLUSIONS
e tests performed from 1980 to 1982 desonstrated that the fiakuge rate
it - : . with an
.

A continuous sonitoring system of the containsent lesktightness, called
SEXTEN, has been developed by EDF. This systes has been instelled in all . g

French PWR units.

This systesm detected some leakage problems likely to occur
circuits running ecross the reactor building connected to the

air.

%s

This continuous wmonitoring complesents the tesls perforsed to 1
leakage rates at the LOCA pressure and isproves the umit
contributing to an adegquate containment leaktightness.



Figure 1 Variation of the dry air mass, absolute temperature, partial
pressure of water, and absolute pressure in a containzent during e

leak rate test.

Figure 2 Typical variation of the pressure in e corntainment in operation,
versus time .

Figure 3 Exapple of the variation of containment leak rate versus
containpent differential pressure

F.gure 4 Diagraz of the SEXTEN systenm
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CONTAINMENT LEAKAGE RATE

TESTING METHODOLOGY

B. CENTNER
aB. 1N 1pe”



CONIENIS

INTRODUCTION

PEAK PRESSURE TEST

REDUCED PRESSURE TEST

USE OF 2 INDEPENDENT TEST METHODS

CALIBRATED LEAK TEST

EXTRAPOLATION OF THE LEAKAGE RATE BETWEEN
TEST AND ACCIDENT CONDITIONS

LOW PRESSURE TEST - CONTAINMENT TIGHTNESS

CONCLUSIONS

ON-LINE MONITORING



v,  INTRODUCTION

After ten years of Belgjian PWR commercial operation, at the
request of the Belgian Licensing Authority, & task force was set
@4p to analyse the results gained from Contarnment Leak Rate
Testing (CLRT) experience

The task force i1ncluded representatives from

- Liubgebkbe (Licensing Authority)
- QNI ey (EBES and INTERCOM

- MEEEiItect Engineer (BELGATOM

The analysis has evidenced that some aspects of the U S
methodclogy, epplied so far in Belgium, could be modi:fi1ed

in order to reach a better trade-off between plant safety anc
coperation requirements, through “cn-line low pressure” tes's
Additionally, the new methodology significantly reduces plant

outage requirements

2 PEAR PRESSURE IEST .P.)

It was considered that, after the containment precoperational
leakage rate test performed at peak pressure P. to measure &
leakage rate L.m. it should not be considered as mandatory to
perform periodic peak pressure tests Indeed the main

resasons are

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

- risks of fire and of damaging components in the containment

- fast duration considerably lengthened




3. REDUCED PRESSURE TEST (P,)

The 10 CPRSO - Appendix J - 1983 imposes to perform leak test at
8 reduced pressure (Pt) at lesst squal to half the peak pressure

and measure & leakage rate Ltm‘

“The leakage characteristics yielded by measurements Ltm and L.m
establish the maximum allowable test leaskage rate Lt of not more
than L. ‘Ltm’L;m’ In the event Ltrfg-m
18 specified as equal to L.‘Ptfp.) ®

is greater than 0,7, Lt

From the test dats analysis 1t appeared that the measured values

of Lt and L.m are

m
- affected by errors which become greater as the actual lesy rate

becomes smaller, which is generally the case,

- the ratic (Pt/P‘i 18 expected to change during the containment

1i1f 4+ 1me,

- the ratio (PtrP‘)112 is not conservative for laminar flow rates

along the leak pathe

The scceptance ctri o Ltm « 0,75 Lt was then analyzed to
improve ACCuUracy an. onservatism

3.2 New agceptance criterion

Based on extensive testing and velidation programs performed with
the research laboratory of the Belgien utilitive LABORELEC
experienced in such testing, another scceptance criterion was

proposed



tm ‘ &

where

o measured leakrate at Pt

maximum allowable leakage rate at P.

0.7% corrective factor to cover & potential containment

tightness degradation between two consecutive leak

tests (§ 6)

The hereabove relaticnship, which 1s independent from the leakage

rates measured during the preocperational leakage rate test, desls

with the laminar [low type along the leak paths and leads to the

greatest leakage rate variation versus pressure changes

Note This relationsh.p does not account for threshold leaks

However experience indicates that the latter can De

neglected

3. 3 [reguency

The containment leak test at Pt is performed once every ten

years

High pressure tests may replace peak pressure tests provided

that
- the scceptance criterion is derived from the ratio of

effective pressures Pt/P.

Fa

-~ Pressure Pt is at lesst equal to
2

the



Although there is no thecretical justification for the lactor 2
it appears advisable to test the contsinment at & pressure which
a) 18 not too different from the peak pressure
b) lesds to a reasonadle eccuracy of the leak measurement

c) limits the interval of leakage rate extrapolation
' F TIw NDEN S

In Pelgium, the integrated CLRT are pirformed using both ebsolute
method and comparative method (referznce vessel method)

These two methods are totally independent and their results can
be used for their mutuasl validation It results therefrom that it
18 not always necessary neither to carry on the test during

24 hours, nor to perform the calibrated leak test to verify the

accuracy of the leakage rate measurement

4 1 Duretion criterjon

If esch of both measurement techniques provides, over a per.cd of
at lesst 8 hours and with at least 30 consecutive measurement
points, a leakage rate whi~h meets the acceptance criterion given

1n section 3 3, the test can be stopped

4.2 GConcordance griterion - Veraifigation test

It 1s not necessary to perform a verifization test (1. e,
calibrated leak) 1f, at the end of the test period, the
difference between the measured leakage rates derived from each

method, over the last 8 hours, 18 lever than
0,2% Lt - 0,19 Ltn

't
where . -~ Lt s L
P

a
is the mesn value of the two leakage rates

B Ltm



- Factor 0, 2% Lt 18 derived from ANSI/ANS-56 8 - 1981 criterion
§ 3. 2.8

- Factor 0,1 L impliies & better concordance between the

tm
measured leakage rates by both methods, when the actual leakage

rete 1& close to the acceptance criterion

In this case, it 18 more suitabdle to have the confidence that the
leakage rate ‘s accurately measured, rather then in the case
where the les:ace acceptance criterion i1s largely met

Indeed, from the sefety stendpoint, the higher the actual leakage
rate 18, the more sccurate the measurement must De

The hereabove concordance criterion 18 thus consisteni with both

the accuracy of the measurement techniques and the safety goal

- R AK ST

1f one method only 18 used for reduced pressure tests, or 1f the
concordance criterion 18 not met ( § 4.2), it 1is mandatory to
perform a calibreated lesk test (oOr an equivalent test)

5.1 For peek pressure tests, the acceptance criterion 1is

defined in the ANSI/ANS - 56 8 - 1981

L «L =~-1L | so0,25L

o am ¢ a
where
Lo . celibrated leak
am measured leak before introducing the calibrated leak
Lc . composite leesk after superimposition of the

calibrated leak

To use the above criterion, the following condition should

be met



w
o

For reduced pressure test :Pt < Pal. the proposed new

acceptance criterion, derived from § S 1, a1s

1L = L - L | s 0,129 L + 0,925 L
[+ tm c t Q
P
a
with — Pt s P‘
2
Pt
Lt = =~ L
a
p.

Kax (D,75 Ltm . 0,1 Lt) 5 L° £ §,2% LL

The hereabove criterion has the following advantages

- @asy application

- dependent

- close to ANS] criterion when Lo .8 close to Lt

Notes : Lo shall not be lower than 0,9 L., so as to resna:n
measuradle

Pactor 0,125 has been arbditrarily chosen to 50 % of
the original ANSI criterion

hccording to the law chosen to characterize the flows in the
containment leak paths, different ratios are obtained between

leakage rate 1n test and sccident ceoenditions



For example, flows through nozzles (most conservative assumption
at LOCA pesk temperatures and pressure lead to increase the flcocw
at test temperature and peak pressure by a factor of about 1 4

The acceptance criterion should then read as

Corrective factor 0,7% from 10 CFRSO - Appendix J - dcoes not
cover the leakage rate extrapolation to LOCA peak temperature
This fasctor only covers a potential containment tightness
degradation between two consecutive tests

However, for the radiological assesument, the containment 1is
assumed to leak at L. value during the first 24 hours and at

e

~- afterwards (Regulatory Guides 1. 3/1 4),

2

although the containment pressure 18 rapidly reducs.

This conservative assumption being taken into account, 1t 1s not
necessary to introduce any additional extrapolstion factor in the

scceptance cr.terion given in section 3

7 LOW PRESSURE TESIS (containment tightness on-line monitoring
7.1 Erinciples

Experience shows thet the reactor containment liner does not give
rise to tightness problems

Major sources of leaks are containment isclation vaives and
penetrations

These are periodically tested with a frequency consistent with

10 CRF S0 - Appendix J - reguirements (type B and C tests)
Therefore. as & complement to the high pressure test methods,
other methods have baen developed to perform tests at pressures
below p./z. the objective being then to detect instead of a
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contsinment liner "natural degradation”, a&any gross "localized”
leak instead of 8 conteinment liner leak such as misaligned
valves or left open valves, flanges or instrument connections or
e faulty operation such as, for instance, an i1nadvertent drilling
through the containment liner

Experience shows that these gross locealized leaks can be easily
evidenced by continuous containment on-line monitoring during
plant operation

The principle of this measurement is the following

during normal operation, the pressure 1in the containment ouilding
tends to increase due to compressecd sir leaks from prsumatically
operated equipments

By monitoring the compressed air makeup to the containment, 1t
18 thus possible, with avpropriate messurements and a calculation
code. to correlate the thioretical atmosphere pressure increuse
versus the measured one

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

The calculation code developed for these low pressure tests take
into saccount the temperature and moisture varisations during the
tesls The code has bDeen valideted by the experimentsl results
The messurements are performed within the pressure

range - 40 mbars to ¢« 60 mbars

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

After the completion of the leak test, a verification test can be
performed by superimposition of a leak through a cslibrated
orifice (ex : 3/8~, /2%, 17,...)

7.2  Agsuracy of She method - Aceeplance criterien

i T T Accucacy

Experience has shown that, for an effective containment pressure

of 60 mbars, the detection limit is lower than S STPmd/h (typical



values of 1 m3/h (STP) have been messured for tight
containments)

Por indPPWtive purpose, an orifice of 3/8" lesds to s leak equal
17 Nm3/h st BU mber effective Dressure

7.2.2 Accaptance.ccilecico

Ila,tolldifi!“’?f‘frid have bdeen set up by the Belgian Licensing
Authority

~

Qp 60 % 5 Nm3/h - WAFWEY condition «

§ Nm3/h ¢ Q. (o % 17 Nmi/h - AAEEFLN B0 Ah€ lask YochtionT

B8 updertaven, v

Op go > 17 Nm3/h - EBYE UYL EoNE KT er WRE BOEXN
[T S Y e TT S TAU AN T b " £ 1 o
ST eIty

t ) Qf 60 * containment leakage rate at 60 mbars effective
pressure

( Nm3/h)

Note NM3'L 2 5 Nm3/h at STP cenditions

Rec BRI RAREIEA T I ka 0@ FRTE P RS /S WEFridPonds, at
SRS TR PR EERICE R € 8 t ur 1 CATYIURNRET U WY FapoTated to
A3 NEETERS

Physically it also corresponds to the flow rate through 2 hole of
1 em diameter in & thin plate and effective pressure of £0 mbars

7.3 Preguency .

BRI X UF IR YT e rEFAVT dPERFTIER EETE "Yhatdown longer
WRER AN HevsT



The test 18 to be carried cuwt only when steady state conditions
(temperature, moisture) are reazhed 1nside the containment
atmosphere and not leter than one month sfter reaching 260° C

(%00° F} in the reactor coolant

7.4 Jest duration

The experience gained so far indicetes that such tests can be

ess)ly performed in less than 72 hours (§ 7 5)

7.5 Experimentsl resylts

Containment tightness on-line monitoring (or low pressure test:)
are routinely performed 1n Belgium PWRs since 1985

This section reports typical results obtained so far

7.5 1 Example 1
figure. 1.1 3llustrates the containment absolute pressure

increase rate 1n a "tight” containment

Figuce.1.2 1llustrates the evelution of the pressure difference

petween the containment atmosphere and the referance vessel

Eigure.1.3 shows the reccrd of the regulation air make-up to the

pneumatically operated egquipments located inside the

containment (= 29 STP nalh)

Figure.1.4 illustrates the evoluticn of the containment (*)
leakage rate, in functicn of the difference between the

(*) Neote : for convenient Purpose, the square root of the
pressure difference hes been used instead of the pressure
difference itsell Negstive values of / «P correspond to

ingress leaks
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containment pressure and the atmospheric pressure, obtained by

the "absolute method”

For *p = O mbar, the theoretical value of the leak Q, , ...

should be equal to O STPmafh

3!h (accuracy limit of the method)

The measured value 18 2,4 STPm
For +p = 60 mbar (or J+p = 7,7 mbar), the messured leakage rate

after the drift correction 1is

3
Qf.GOMbur of.Dmbcr 1,0 STPm™/h
These results are given for a 95 § confidence level and are
corrected for containment temperature and moisture variations

during the test
standard deviation 18 equal to 1, 34 STPm3,h

The °r.5o mbar
Eiguce_ 1.8 1llustrates, under the same conditions as above, the
evolution of the containment leakage rate obtained by the

“reference vessel method”

3
Or 60 abar ° 0.7 STPWT/D

3
= ~
°r.60 e standard deviation 0 3 STPm™/h

7. 5. 3. Example 2 (Figure 2)

The purpose of figure 2 18 to sjllustrate the sensitivity of the
method, when calibrated orifices are opened during the leaskage

rate test.

The results obtained by the absolute method ere summarized

herealter (8% § confidence level)
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i

S512¢ of the orifice (%) Q ({ STPm”/n
- £, 60 mbar oL, T
o 2
37% | 12
3/4 89

$he method gnabled thus to essily detect leaks through one
orifice as WHAIY &g 3/8° (10 mm diamaterl”
The corresponding leakage rate (17 STPmafh) is far above the

accuracy limit of the method (2-5 STPms/h)

8  CONCLUSTONS

The major features of the new methodology are

- reduced pressure test freguency & tests at Pt are performed
once every ten years, 1n conjunction with containment tightness

on-line monitoring (see below)

- reduced pressure tests duration : 1f two independent methods
are available, the verificstion test 1s nc more required
provided that the concordance between both methods meets the

scceptance criterion

- the use of an s~ceptance criterion independent from the

precperational test results sand based on & conservative

extrapolation law

- a greater confidence in the resctor contsinment integrity
thanks to "in-servicae low pressure tests”

- gsigmnificent reduced plant outeges.

(1



CONTAINMENT TIGHTNESS ON-LINE MONITORING
( LOW PRESSURE TEST )
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CONTAINMENT TIGHTNESS ON-LINE MONITORIN
(LOW PRESSURE TEST )

CENTRALE NUCLEAIRE DE TIHANGE 3 EXAMPLE 1
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Qcar (STP m3/h)

CONTAINMENT TIGHTNESS ON-LINE MONITORING
( LOW PRESSURE TEST )
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ERADING PURCHASE ORDER ROBOBO-CHAL "Cat on-line"
The demonstration test of the Laborelec on-line containment
integrity test on the Ringhals 3 nuclear pover plant, per-
formed in August 91, is described.
The results of the test are summarized in the tables and
graphics given in annex.
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RINGHALS Unitl : CAT on-line

1 . 8cope : Demonstration of

- the feasibility of performing this new type of tightness
acceptance test on a reactor building with a single containment.
= the performance of the instrumentation (data acquisition rack)
and the user friendly aspect of the software develcped in
LABORELEC

2 . Principle of the measurement :

The leak of the containment is determined by making the difference
between

= the amount of air ( gas ) released into the containment.
- and the relative mass balance of dry air inside

the mass of air being calculated according to the law of ideal
gases

In the case of Ringhals where we only use the absolute method (1},

this implies the knowledge of : the absolute pressure, the partial

vapour pressure and of the mean temperature

If we assume that the free volume is Vo , the total amount of dry

air held in the reactor building is equal to :
Vac INM3 ) = Vo e (Pc-Pwv) /1013 « 27315/ Tm .

where

Pc = Absolute pressure in the containment ( mbar )
Pwv = Partial pressure of the water vapour ( mbar )
Tm = Mean temperature of the air ( ° K ) .

Normally , for an isclated reactor building , the change in mass
of air is only due to the instrumentation air consumption
cumulated with the leaks of this loop inside the containment .
If we call this total air flow rate Qai ( Nm3 / h ) the leaxage
of the containment,is given by :

Q¢ = dVac /dt - Qai (Nm3h)

The test method is based upon the evolution ( change ) of this
leak and its relationship with the differential pressure governing
this flow ; that's to say in case of Ringhals 3 , the differerce
between the absolute pressure inside the containment and the
atmosphere .

" in Belgium . we commonly use . in conunction with the absolute method , the so called
“reference vessel * method which gives us 3 second value for the leak obtained from an other
way 10 measure the change in pressure and differing essentially by the manner to approach he
mean temperature of the air . This latter is given by a thin walled tubing developped along the
height of the reactor building at 2 or 3 places and connected together to form a perfectly t.gnt
vessel in temperature equilibrium with the sufrounding air of the containment .



<

As we do not try to measure the sum of an infinity of miruy
( this is the purpose of the test tYPe A at high pressure

results of which are more precise ) but only to detect and
quantify the flow of a leak throughout an orifice ( a pipe )
breaking the integrity of the confinement + We assume that the law
of this relationship , is of the square root type

-
e

We have Qf = Qfco + B SQRT (dP )

The B term deals with the real leaks out of the containment and
the Qfo term deals with measurement errors and air ( gases )
sources that are NOT related to the 4P driving force

In practice , the coefficients Qfo and B are determined by the
linear regression in the experimental points

The standard leakage (Qe(60)) is DEFINED as the difference in

ordinate of this straight line corresponding to a differential
pressure of 60 mbar without the Qfo term offset

Practically , we proceed as follows
leakage

(for a comprehensive understanding , see also § 4 )

, O compute the standard

-The sensors scanning and data sampling is repeated continuously .
~Each 30 seconds , the samples are read by the PC . 3
-Each 15 minutes , the mean value of the 30 samples of each
channel are stored into a data base ( in physical Units ) located
on a circular buffer with a capacity of 3 months .

-When the test is running , we wait until we get a elapsed time dt
of 3 hours , and we compute the change in mass of air held in the
containment from which we subtract the total amcunt of air
introduced during the same elapsed time .

-The value obtained (divided by dt , expressed in Nm3/ h ) is
related to the mean differential pressure during the same period
So we get a first set of data .The following ones are obtained by
moving forward ( quarter by quarter ) this window of 3 hours
~Finally when the test is completed we get the value of the
coefficients of the best straight line by computing a linear
regression in the pairs of data

.
!

3 . Acceptance Criteria :

In Belgium , the upper limit for the maximum allowable standard
leak Qf(gp) is 17 Nm3 / h the standard desviation (sigma) included.

As we are interested by the maximun of this value , the upper
limit ( for a confidence level of 95 % ) is given by :

Q¢ (80 ) max) = Qg (g0 ) (Mmeasured) + 1.7 sigma <= 17Nm3/h
assuming that we have , at least

30 measured points
a differential pressure range of minimum S0 mbars



4 « TEST instrumentation

4.1 Transducers
4.la : Number and types

Temperature sensors : RTD in platinum ; 100 chms at 0 C { 1/10 DIN
43760 ) . A total of 34 sensors , distributed as uniformly as
possible , cver the entire volume ( Along the height and the
diameter ) and , from a electrical point of view , divided into 2
groups of 17 sensors each , connected in serial

Humidity sensors : 4 lithium chloride , pt 500 from Wallac oY ,
type ERSEC LC=-05/PT-500 , individually scanned and measured

Alr flow : 1 FCI flowmeter ; type AF-88 with a range 0-100 Nmi/h
output 4 to 20 mA

.
L

NB : all these senscrs supplied by the owner

Absolute pressure : 2 quartz manometer from MENSOR
with a range of 0 to 1100 mBar abs.;

cutput 4 to 20 mA

Accuracy : +- .04% of reading +- (.008 mA )
Calibration chart in appendix A & B

; type DPG 1100

Atmospheric pressure : 1 piezoresistive transducer from Kistler
type 4109 with a range of 850 to 1100 mBar abs.

output signal : ( nominal ) 10 mV/mBar

Accuracy : linearity +- 1 mbar ;

hysteresys : .S mbar

Sensivity : .5 mbar

Calibration chart in appendix C .

Differential pressure : 1 capacitive differential manometer from
Rosemount , type 1151 DP-03 with a nominal range of 0 to 7.46 kPa.
output 4 to 20 mA .

Accuracy : .2 % of the calibrated range

Calibration chart in appendix D

4 1 b . Localization

Temperature and humidity sensors : in the containment , at places
chosen as explained in $ 4.1a .

Flowmeter : close to the containment , on the main air pipe
Manometers : in the measuring room , under Ringhals unit 4

4.2 Data acquisition rack , PC and peripherals .
( see diagrams on appendix E )

The test installation consists of two separate sets of devices |,
totally self supportina for their own function and communicating
through a RS232C port or a modem for longer distances ( up to
several hundreds of meters ) .



The first one data acguisition 1S egquipped with all *re
current and voltage scurces necessary to feed the transducers
and have the well suited inputs to connect the signals to be rea:,
This acquisition rack is driven CY a microcomputer , programmed to
solve the specific industrial measurements problens As the
relative precision of the measurenents have a great influence en
the final results , the ADC is so designed that those precision

reguirements are met
4.3 Data handling and presentation of the results

The software developed in LABORELEC + 48 running under Concurrent

POS , which allows the possibility to perform several tasks
simultaneocusly

It consists of a PC AT 386 which manages the dialog with th

AT

operator , the acquisition system and the on~line computations of
the leak . The program allows a direct follow-up of the graphic

as well as the spread sheets and the regressions results . Also
the extrapolated leak at 60 mBar can be displayed with its
confidence intervals . A direct contrcl of the measured parameters
allows the operator to eliminate possible faulty transducers and
to recalculate the leak with the remaining current transducers
Anyhow all the data are stored in a Dbase 3 file that allows off-
line computations and reports afterwards

5 Test duration and typical events

The measurements have been started the 15/08/91 at 2h00 pm and
have been stopped the 19/08/91 at 9h15 am after completion of the
task.

After having solved several problems in connection either with th
transducers either with the wiring or scaling factor , the test
went without any other troubles until the end . exception made for
the step in the absolute pressure measured by one of the Mensor
and an erratic response of one humidity sensor .
Due to the redundance of the measurements devices
been eliminated without affecting the results
After two days of measurements we increased the air flow to the
containment , in order to avoid a too long test duration

, these have

6 Results .

All the data collected during the test are given in the table 1
and plotted vs time op the graphics referenced R1T1##w

’ » to detect the failure in the
procedures or effective application of the procedures te isclate
the containment did not succeed ; but it was obvious from the
measurements that a leak was really present .




After a deeper investigaticn and a meeting of all the rec:
involved in the test , the weak point was .dentified the
radiation monitoring locop Just like we had already in the firss
test in Belgium A closer examination of the schemes of this
circuit , followed by investigations on th loop 1tself have
permitted to identify the leak : a valve let partially open on the
loop in order to ease and assure a safer working for the
circulating pump . Due to 1ts localization on the locp this leak

was negative ( air suction ) when the pressure in the containment
was low and positive at higher pressure . This could explain

» partly , the apparent instability of the leak during the test.
After this valve was closed , the leak measured has drastically
been lowered , and this is clearly visible on the graphs ,after a
couple of hours following the intervention . Although the low
number of data , a computation of the leak for such a short period
gave a value gquite normal and acceptable of less than 5 Nmi/h
The high value for the standard deviation associated is merely
to the small number of points and also to the fact that the cha
in pressure was too small and occured at a too high differential
pressure . In fact , if we take the same Qfo value as in the
previous test ( which , by the way , should not vary significantly
from one test to another ) and draw a horizontal line (dotted lire
on curve RITILEAK.XLC(2)) it crosses the middle of the measured
points cloud , indicating clearly a zero leak .

For a normal test , it would be necessary to blow the pressure
down and to start a new complete test . As this was not the goal
of the demonstration it has been decided to stop .

due
nge

7 Conclusion .

: J ¥ 5
- > Al

Moreover , it was shown that the LABORELEC system meets the
objectives assigned to it . It can be emphasized the succesfull
way on-line operator guidance is realized by the system on real
problems that occured in the plant during the test .

-
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MINISTERE DES AFTAIRES ECONOMIQUES

|
’ ADMINISTRATION DU COMMERCE

‘426 rue | A De Mor (040 BRI LLES
Inspecucn génerale de la Mézcioge

Tél  02/23381 11

CERTIFICAT D'ETALONNAGE
D'UN BAROMETRE
Numéro de référence 4.M/ ' Date(s) d'étalonnage : 5/3/13912

Date de délivrance

Nombre de pages . 2

Instrument de mesure
présenté par

LABORFLEC 5.C,
Rue de Rhode 125
1630 LINKEBEEK

1. IDENTIFICATION.

'.1. Dénomination : Barometre i lecture numérigque,
1.2, Fabricant : MENSCR.

1.3. Description : Barométre a tube de Bourdon en quartz et lecture numérique,
d'une eétendue de mesure de 0 a 1100 mbar, avec un échelon
de 0,! mbar. . 'instrument est identifié par une étiquette

située a4 l'arri2re de l'instrument et portant les indica-
tions suivantes :

"MENSOR Digital Pressure Gauge
Part N? 0011900~404F
Range 0-1100 mbar Abs

Ser N° QU3612
Date B88.02"

2. METHODE D'ETALONNAGE,

Le zéro de l'instrument a été réglé et étalonné A& une pressisn de
0,04 mbar + 0,02 mbar, mesurée au moyen d'une jauge 4 vide du type
PIRANI.

L'instrument a été étalonné aux autres points par comparalsons avec
un barométre étalon de 1'lnspection générale de la Métrologle. L'étalon a

une étendue de mesure de 35 a 1150 mbar, avec une incertitude relative de +
0,02 % a fond d'échelle.

La température durant les essais etait de 21°C « 2°C.
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2 du Cear -4t d'Etalonnage N2 4 M, - du

3. RESULTATS D'ETALONNAGE.

Les résultats suivants ont éte obtenus, aves gne i{acertitude de s

2,2 wbar,
Lecture Lecture Lecture
{pressicn ascendante) (pression descendante)

(mbar) (mbar) (mbar ]
0,0 - 0,04
150,0 150,02 143,32
300,0 300,02 299,32
450,0 449,34 449,88
600,0 599,38 599,91
750,0 743,32 745,83
200,0 899,85 899,79
950,90 349,85 949,79
960,0 959,84 959,78
§70,0 969,82 969,77
380,0 979,81 979,77
990,0 989,81 989,77
1000,0 999,80 999,77
1010,0 1009, 80 1009,77
1020,0 1019,78 1019,75
1030,0 1029,77 1029,74
1040,0 1039,75 1039,72
1050,0 1048, 74 1049, 71

1100,0 1099,78 -

L"INGENIEUR INDUSTRIEL, L'INSPECTEUR GENERAL, ff.,
N

’“/I’)\/-/\ { ] /( ull:
/ R = & B

G. BAIRY. Dr. H. VOCRHOF,

A

: Ce certificat ne peut étre reproduit qu'intégralement, sauf au?orisa-
tion écrite de reproduction partielle donnée par 1'Inspection générale
de la Métrclogie.
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Page No L
18716791
TIiCHTNESS TIST RINGHALS UNIT 108,91

DATE HOUR P ABS PATM TMEAN HMEAN DELTA P L AIR  LE:K L

{mBars) /‘mBars) K) ‘mBars) (mBars) (scm/h) semh scm
08/16/91 15:00 1032.92 1006.7 317.99 20,29 26.40 31.% 9.0 %3619
08/16/91L 15:1% 103).06 1006.7 318.01 20.28 26.51 32.7 -10.8 4362}
08/16/91 15:30 1033.14 1006.8 318.00 20.2%6 26 .51 25.2 10.1 43628
08/16/91 15:45 1033.20 1006.8 317.98 20.26 26 .54 26.1 10.1 436313
08/16/91 16:00 1033.31 1006.9 318.01 20.26 26 .61 32.0 12.2 43635
08/16/91 16:15 1033.25 1006.%9 317,94 20.21 26.55% 32.7 11,7 %3643
08/16/91 16:30 1033.23 1007.0 317.90 20.17 26 49 29.2 10.3 43650
08/16/91 16:45 1033.35 1007.1 317.94 20.15 26.52 26 .4 11.5 43650
08/16/91 17:00 1033.47 1007.1 317.91 20.16 26 .58 32.0 10.1 43660
08/16/91 17:15 1033.58 1007.2 317.97 20.13 26 .64 32.7 13.7 43657
08/16/91 17:30 1033.60 1007.2 1317.94 20.12 26 .65 25.5 11.9 43663
08/16/91 17:45 1033.67 1007.2 1317.90 20.11 26 .68 26.2 11.7 43871
08/16/91 18:00 1033.86 1007.2 1317.96 £0.12 26 88 31.7 12,9 w3671
08/16/91 18:15 1034.00 1007.3 317.96 20.11 26.97 32.5 12.7 43877
08/16/91 18:30 1034.14 1007.2 317.%85 20.13 27.15 27.3 12.5 43682
08/16/91 18:45 1034.41 1007.3 318.01 20.14 27.38 264 .8 11.5 43687
08/16/91 19:00 1034 .46 1007.3 3182.00 20.14 27.41 31,1 13.2 43691
08/16/91 19:15 1034.44 1007.3 318.01 20.10 27 .43} 32.5 15.3 43691
08/16/91 19:30 1034.49 1007.3 317.96 20.09 27 .45 28.7 12.8 43700
0B/16/91 19:45 1034.63 1007.3 317.96 20.08 27.52 27.4 14.2 43706
08/16/91 20:00 1034.78 1007.4 318.02 20.05 27 .64 29.5 13.2 43708
08/16/91 20:1% 1034.73 1007.5 317.98 20.03 27.45 31.4 13.3 3710
08/16/91 20:30 1034.81 1007.5 317.98 19.99 27 .46 2.4 14,6 43715
08/16/91 20:45 1034.87 1007.5 317.98 19.95 i O 28.2 13.4 43719
08/16/91 21:00 1034.94 1007.5 317.96 19.94 27.64 3.4 13.2 43728
08/16/91 21:15 1034.9% 1007.5 317.96 19.92 27.63 31.5 14.5 43727
08/16/91 21:30 1034.92 1007.5 317.92 19.89 27.58 26.3 13.7 4371}
08/16/91 21:45 1035.11 1007.6 317.93 19.85 27 .64 28.5 12.5 &340
08/16/91 22:00 1035.06 1007.7 317.92 19.83 27 .48 32.6 12.8 43740
DB/16/91 22:1%5 1035.17 1007.6 317.93 19.81 27.66 30.1 13.9 43745
08/16/91 22:30 1035.26 1007.7 317.93 19.79 27.69 26.4 13.9 «37%0
08/16/91 22:45 1035.28 1007.7 317.95 19.75 27.76 29.7 14.3 4&)7a9
08/16/91 23:00 1035.41 1007 .6 317.93 19.73 27.97 32.8 12.9 4&37%%
08/16/91 23:15 1035.45 1007.4 317.89 19.70 28.17 287 -13.5 43787
08/16/91 23:30 1035.43 1007 .4 317 .89 19 .66 28.12 25.1 12.6 41768
08/16/91 23:45 1035.40 1007.4 317.87 19.67 28.12 30.0 14.8B &)7468
08/17/91 00:00 1035.56 1007.4 317.89 19 .61 28.31 32.7 12.7 &3717¢
08/17/91 00:15 1035.47 1007.5 317.87 19.58 28.02 29.9 1.3 W37
08/17/91 00:30 1035.53 1007.5 317.83 19.54 28.11 26.4 13.7 &378%
08/17/91 00:45 1035.61 1007.5 317.83 19.50 28.22 30,0 12.4 43790
08/17/91 01:00 1035.70 1007.4 317.87 19.48 28 .34 32.7 14.2 #3790
08/17/91 01:1% 1035.70 1007.4 317.81 19 45 28 .4l 29.1 12.6 <3800
08/17/91 ©01:30 1035.79 1007.3 1317.83 19.43 28.58 24.3 11.8 &3801
08/17/91 01:45 1035.84 1007.3 317.84 19.39 28 .68 31.3 161 4380«
0B/17/91 02:00 1035.89 1007 .3 317.83 19.35 28 .68 30.1 14.7 &80
08/17/91 ©2:15 1035.92 1007.3 317.84 19 .33 28.75 29.7 14.7 @3B
08/17/91 02:30 1035.94 1007.4 317.82 19.30 28.65 29.9 137 &)1
C8/17/91 02:45 1035.94 1007.3 1317.79 19.26 28.77 29.9 14.3 w3822
08/17/91 03:00 1035.97 1007.C 317.75 19.23 29.05 30.0 11.8 <3829
08/17/91 03:15 1036.07 1007.1 317.78 19.21 29.06 29.8 14.8 &3810
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Foreword

A systematic effort to achieve progressive harmonization of safety
practices and requirements for light water reactors was launched in
1973, Working Group No. | om "Safety methodolojies, criteria, codes
and standards" was set up for this purpose, in which the licensing
(and regulatory) authorities and associated safety and control organt-

zations are represented on one hand and the utilities and vendors on
the other.

The main taeks of Working Group No. | can rougly be summarized as

follows:

+ Exchange of {..ormation and documentation on safety methodology,
criteria, codes and standards and specific LWR safety problems
applicable and/cor under development in the various member countries.

. ldentification of divergencies, similarities, common requirements,
reasons for divergencles anc establishment of synthesis reports in
viev of the elaboration of recommendations in areas and on items of
cowmon interest and considered mature for that purpose.

Because of the importance of containment integrity in reducing the
consequences of nuclear accidents and because of the possibility thar
diceriorations of certain parts of the containment system may occur
over long periods of time it was considered of high priority that the
Working Croup No. | of the European Community om "Methodology, Cri-
terla, Codes and Standards™ =« WG | ~ and in particular the ad hoc
subgroup "Containment Engineering Safo(uardo“' - Ainvestigated the
problems associated with the contalnment leak rate detcrminations.
When the activities of Working Sroup No. | started (in 1973) there

ware 0o generslly applicable requirements for integrated leak rate

.
“he list of subgroup members is given in Appendix 2.

N o
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ments for PWR and BWR Containment Systems must adhere ¢to cthe
national ccdes and standards (in the country of plant siting) some
of which are based on the principles developed by the American
Society of Mechanfcal Ungineers (ASME) as far as the steel struce
ture is concerned and the American Concrete Ianstitute (ACI) for
conciete structures., The different national codes reflect diffe-
rences from the ASME-ACI codes in particular as far as the congide~
rations of leads of external origin are concerned such as historis
cal selsmicity, siting conditions, gas cloud explosions and air-

craft crashes.

The accident internal service load {s historically assoclated with
the double ended primary coolant system pipe rupture which causes a
maximum energy, pressure, temperature, and radicactive release into
the containment. In some cases the release from the secondary
system could be the worst case when considering containment

loading.

Certain combinations of extreme {nternal/external losds are also
used in containment design. A typical example is the combinatiocn of
LOCA with some level of earthquake but there ia no general agree-
ment in European countries and the United States wvhere the largest
postulated LOCA has been combined with the largest Safe Shutdown
Earthquake (SSF). In some European courtries it is assumed in the
design that a seismic event may cause a loss of cooclant accident

which then happens time delayed.

2.1. Containment lavout for PWR and BWR power plan-s.

The containment layout mostly used in Eurupesn ccuntries is for
both reactor types the double containment either with {nner steel

shell or with (nner and outer concrete shell.

The inner containment, generally prestressed in the secoad
concept, ensures resistance to internal pressure ond leaktight-

The outer reinforced containment, separated frow the inner

containment, protects it against external loads, and makes it

e
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This gradation of pressure ensures that the direction of the

airflow {s always from areas of low activity to areas of high
activiey.

The i{ntermal ventilation system maintains a negative pressure
of | mbar in rhe annulus, Here there is a controlled airflow
from accessible compartments to plant compartments. However,
there 1is no pronounced gradation of presgure between the
individual groups of compartments in the annulus as there isg
in the containment. The pressure gradation of ~ | mbar in the
annulus to - 2.5 mbar in the containment operating compart-
ments ensures that the direction of the airflow will be
inwardas in the event of leaks in the isolating valves of the

containment veatilation system.

The exhaust air of the internal ventilation system 1s passed
unfiltered directly into the stack.

In the event of an incident (activation of the emergency
cooling system, but with the contalnment intact), the internal
ventilation system {2 the reactor building is shut off. A
specisl emergency ventilation system for the annulus 1is
sctivated. The air inlet s closed via the building isolating
valves and the air extracted to maintain negative pressure {a
fed to the stack via an ;;nrgency fllter,

The annulus ewergency extraction system also maintains the
pressure at - | wmbar, provided that there have been no pipe

breaks or compooent fallures resulting in a pressuie increase
in the annulus.

The Berssele nuclear power plant is of a similar design tc
Philippstir, 2, see Fig. |. The inner shell of the cpherical
steel vessel has an overall diameter of 46 m and & wall
thickness of 22 - 30 sm. The outer shielding of the reactor
building consiste of reinforced concrete with a nominal
thickness of 60 cm. The design pressure of the inner contain-
ment ie 4,8 bar (absolut).
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Dimensions of containment structures in France

PALTER 900 « TYPE ~===>

CPl - CP2
(with {nner steel liner)
Inside diameter (m) 37.0
Total internal height (m) - Level O 56,63
Wall thickness cylinder (m) 0,90
wall thickness dome (m) 0,75
Pressure (effective bar) 4,0
PALIER 1300 ET 1450 TYPE —~==> P4 P's N&
(without inner steel liner)
inside diameter inrer shell 45,0 43,8 431.8
(m) outer shell 50,8 49,8 49,8
Totai internal inner shell 66,30 59,38 60,78
high (m) outer shell 1,75 61,78 63,18
{/Level Zero)
Wall thickness inner shell 0,% 1,20 1,20
cylinder (m) outer shell 0,55 0,55 0,55
Wall thickness inner shell 0,95 0,95 0,95
dome (m) outer shell 0,40 0,40 0,40
Pressure (effective bar) 3,8 4,2 .
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pressure relief valve also dumps energy into the wetwell pool
during primary coolant system pressure control. The containment
system 18 protected against negative consequences of drywell
sub-atmospheric presaures by vacuum breaker swing check valves
which allov pressure equalization between the two regions, The
drywell desipgn pressure 18 typlcally & bar compared with
maximum expected LOCA pressures of less than 3 bar. The wetwell
design pressure depends on the size of the wetwell and ranges
from 2 - 4 Lars. The wall of the reactor building serves as a
secondary containment and the space between it and the contain-
ment, 1f not lined concrete, 1is slightly below atmospheric

pressure to control the leakage to the envirpament.

In Italy Mark II and Mark III contaimments are in use with a
negative control leal concept fo: critical parts (main steam
lines) mainly actuated in accidental conditions.

The Mark II containment, adopted ror COARSO plant now in
operation, is a pressure suppression system, It consists of a
drywell, a pressure suppression chamber (wetwell) and 99
downcomers vent pipes -onnecting the drywell to the suppression
pool. The drywell is a frustum of cone containing the reactor
pressure vessel and accessories. The wetwell, in cyclindrical
form, is located below the drywell. The downcomers venc pipes
are designed to discharge and condensite steam below the water
surface in case of a loss of coolant accident.

The Mark III containment will be utilized in MONTALTO plunt,

nov i{n comstruction, It is based on the suppres:ion . essure

concept as well, but with larger volumes and different layout,

The dryvell surrounds the reactor and is connected to the

suppressiocn pool through horizontal vents in the lower part.

The wetwell is located around the drywell. Both are of cylindri-
cal form. A further rectangular pool is provided on the top of

the drywell for refueiling operations and to supply a further

water volume {n case of a loss of coolant accident.
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The construction of the Italian water cooled reactors essentially
reflect the procedures applied in the USA and on top of that
require that the reactor and related primary cooling system be

housed in a double containment svetem.

The Netherlands

The basic provisions governing nuclear installations {n The
Netherlands are set out {n the Nuclear Energy Act (Kernenergie-
wet) which became effecctive in 1969, Nef{ther of the two nuclear
power plants in The Netherlands (Borssele and Dodewvaard) were
entirely treated in accordance with this Act because of {ts late
appearance. In fact the "Dutch tnles for Pressure Vessels" have
been applied and as these rules are not specifically made for
nuclear power plants, they are supplemented by rules used in the
USA e.g. the appendices of I|OCFRSC, parts III and XI of the ASME
Boiler and Pressure Vessel Code and the Regulatory Guides of
USNRC.

For new power plants the IAEA codes of practice and related
safety guides will be adopted amended for The Netherleands situa-
tion. For leak testing a draft guideline has been finished in
Summer #5 and i{s subject to review by the Reactor Safety Coomit-

ten,

France

The list of documents given in the appendix for France applies
only to the acceptance tests and perfodic tests :or the pre~
stressed concrete containment structures with leak-tight metal
liner for PWR's. France has developed its own documents for these
testes. The philosophy differs from the American practice mainly
by replacing P/2 tests to be executed every three years by full P
tests during the initial refueling shutdown and then everv ten
years. This is described in addition G to the RCC ("Régles des
conceptions et du construction des centrales nuclésires 3 haute

pression").
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It beccmes evident from Appendix | where the codes and standards
used {n the design, constructicn and testing of containmenc,
containment isclation, containment ventilation and post accident
cooling are piven for the different countries. Also it is conspi-
ctuous in this appendix that the larger industrialized countries
like Germany and France have already worked on a development of
national codes, while the natlions with smaller national efforts in
the nuclear area use the codes of the manufacturer. This {s parti-
cularly clear for countries li{ke Belgium and ~ Netherlands who

have used American, Prench and Cerman codes dependent on the
manufacturer of the plant,

For tne containment testing the applicable code in the USA is
Appendix J of 10CFRS50. All countries involved have used this as a
basis, but as a result of their experience interesting deviations
have developed. Since the comparison is done on the older plants of
the European countries, the origin of these deviations can still be
traced,

In this report

~ the pre-operational testing,

- the periodic testing, applied methods, test pressures and
intervals, instrumentation and extrapolation Lo the calculated
accident condition,

are discussed.

4.1, Choice of testing method

The two main testing wmethods are the absclute method and the
reference mwethod, It is remarh.ble that with the groving experi-
ence in the different countries the reference method is loosing
ground in favour of the sbsolute method. Only in Belgium the
reference method {s eti{ll recommended as a cross-check of the

results of the absolute measurement.

As a draw-back of the reference method the German study mentions
the 1irreproducibility, while the French study points out the
principal difficulties as follows: the reference method ls used
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The main methods to perform the lesk tests ire based e.g. on:

measurement of absolute pressure, temperature and humidicy (A
tests)

measurement of pressure differential relative to a reference
chamber (A tests)

= messurement of absoluts pressure of cable penetrations (B

rests)

© measurement of varifation {n the differential pressure (B and C
tests)

« measuremert of the make up flow rate (B and C tests)

=~ tracing substances (¥ and C tests)

- soap bubbles (B tests)

Pre-~operational and perfodic testing (tvpe A tests)

Overall containment tests (so-called type A-tests) are performed
48 4acceptance tests before the installacions are takem into
service, and as periodic tests to proof that leaks do not exist
and that equipment and seals have not degraded excessively, It is
also used for the first measurement of the containment leak rate.
In a number of countries thesge pre-operational leak rate tests
are performed at the calculated accident pressure, Pa, the design
pressure, Pd, and at a reduced pressure.

The idea of & measurement at reduced pressure {s to have a
reference messurement so -that the periodic testing later 1in

reactor life can be done at this reduced pressure only.

4.7.a There is very little uniformity 4in the use of this reduced

pressure between the different countries. In the French reactors
this measurement at reduced pressure is abolished entirely. The
reason given for this is that the risk of derioration of the

static parts of the containment structure can only have two
causes:

~ design or construction defects in the penetrarions, which are
revealed after several months of operation and

- structural fatigue, which {s a factor to be considered in the
long term.
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In viewv of the possibility of the {nstruments drifeing during a
tesr, or to a malfunction of them by other causes, it is consider-
ed 1o some countries that a period of time be spent at the start
of a test with the containment sealed bdut not under pressure. The
result of the leak rate calculation should indicate a zero leak
rate. Free water surfaces should be monitored during the test. It
would appear desirable to also eszablish that no vater or gas is

floving into the contalument before the test starts.

4.3. Extrapolaticon wethods,

Different methods are used to extrapolate the leak rates measured
at test pressure to leak rates at accident pressure (limiting
value usually 3/4 of 0,25%/day)., Sometimes leak paths are consi=-
dered totally turbulent, and a pure pressure dependent extrapola-
tion relation {s used. In other cases the extrapclation is based
on the pre-cperational leak rates measured at the accident
pressure (or slightly above) and at about the same test pressure
as used in the periodic tests. The French aveid the extrapolation
uncertainties by executing their tests always at the accident

pressure.

The permissible leak rate for BWR containments in Cermany 1is
12/day owing to the smaller containment volume and the associated

-

detection problems.

Extrapolation of measurements can only be very approximate (the
nature of the flaws within the concrete 1s highly cowplex and
obeys Darcy's law, the size of the cracks and the gaseous-phase

phenomena depend on the pressure etc.).

Note:

Observations that are made at | bar and at P/2 {ndicate the need
for considerable caution before tests are performed at accident
pressure P (Tests at lower pressure are not performed for extra-

pelation reasons).
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6.

Local leak-tighrness testcs

For components under subatmospheric condi{tions during normal
operation (as e.g. airlocks, ventilation valves etc.) the leak
tests are carried out in some plants with a leakage monitoring

system and can take place during power operation,

The components involved in the type B tests are electrical pene-
trations, door seats of the personnel air locks, penetrations in
the personnel air locks, the plug seats of the equipment entrance
ways, the seal of the transfer tube and any resilient jeinte in the
penetrations.

The type C tests concern the f{solatinn valves.

They are tested by functional tests, comprising tests of smooth
running (by operating the drive and checking of the actuators).
Isolation of the containment is not possible in pover operationm
éince the disconnection of auxiliary systems would cause rapid
shutdown of the reactor. In-service testing {s therefore carried
out only during refuelling or during startup and shutdownm.

The testing frequencies for these components vary widely from

country to countrv.

Cenerally components under subatmospheric condition and electrical
penetrations can be tested during normal operation, but (n ssveral
countries most of the tests are performed during the refuelling
shutdown. Sowetimes these variations are due to the component
design (e.g. some never penetrations designs have a possibility for
continuous monitoring). Dut in other components nc apparent reason
can be found why in one country the testing is done every month and
in another every year. (In France tests coincide with refuelling
operation).

Especially in this area intermationai exchange of experience might
prove to be useful; particularlvy on differencies between test
results "before" and “after” maintenance (so-called "as found" and
“as left" tests).
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8, Aliva prodlems of seriedic containment leik race tests
1 The discussion within the ad hoc subgroup "Containment Engineering
‘ Safeguards™ concentrated on some of the most imporcant factors
1 {nfluencing the results of containmdent leak rate tests as are:
Iz
} a) diffusion of gas into the concrete and certain insulation
materials;
b) uncqual distributicn of the relitive humidity 1 the
containment;
’ ¢) terpersture changes of the asbient alr which surrsunds ne
i containmant, and
d) insufficient stabil{zing time defore commencing the official
weapyuranent s
e) extrapclation from reduced to accident preesure’
} i) confidence level ca the leak~tightness between two subsequent
1 tests;
i g) correlatfon between local and overall tests.
s 8.1, Casdiffusion
According to the discussion within the ad hoc subgroup a period
of about 2 deys is necessary to ssturate the concrete befers
staiting leak tests. Temporary overpressurs can considerably
j reduce the saturation time. Detailed informativn is expected from
! a4 Netierlords test programme te study the influence of the
3 variations of the physical state of the concrete.
If the ssturation time 18 not or cannot ba respected the leak
rate may be overestimated. Since it 1s only necessary for the
utility to demona’rate that a certain leak rate has not been
exceeded, the overestimste should be acceptable to licensing
authorities. )
8.2, Relative humidity

Although an unequal distribution of the relative humidity may
influence considerably leak rate tests there is no correction
foreseen in the US regulations Apperdix J to 10CFRSO which is
presently consldered as basis i(n sost European Member countries,
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According to the Cerman KTA rule the gradient dp/de (s limited to
0.05 Sar/h. 1f the pressure {s i{ncreased more quickly a stabili-
zatioa time of & h 18 required,

In the imitial test, measurcment is carried out after a rising
gradient, Any gas diffusions which might then still be taking
place in the concrete are conservatively determined as a pro-
portion of the leak rate

According to French practice the pressure gradients are limited

to 0.15 bar/h with rising pressure and 0.i0 bar/h with decreasing
pressure.

There is currently considerable debate in particular in the USA
as to whether the current measurement period of 24 hours can be
reduced significancly.

It appears necessary to demonstrate for each containment that it
will remain leak tight for a period matching the duration of an
accident pressurization of the containment. An additional time
margin should be added o give confidence and the measuring
period should take into account the precision and reliability of
the meapuring i{nstruments. This latter point is discusged In the
above-mentioned ANSI Standard 56.8 from 1981 which describes the
use of the Instrument Selection Guide. Considerastion should be
given to establishing a time duration of the test which {s
Justifiable.

Extrepolation to the accident pressure

The correlation between the leak-tightness from the reduced
preassure to the accident pressure 1{s normally based oun the
results of the precperational tests.

Often, during operation, lmportant modifications are made on ‘e
contaimeent penetrations.

In such & case the extrapolation coefficient could vary, and a
nev coefficient might be defined.
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10. Containment apgeing problems

It was confirmed that containment ageing is for a great deal
depending on testing and maintenance of the penetrations. To
obtain the basis for calculating an ageing coefficient of a
containment it wiil be necessary to test the leak rates of the

O ————

penetrations quantitatively which seems to be a design problem. It
t was reported about a safety sealing device already available which
can be installed around defective penetrations.
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Evolution of the Concrete Containment in the Prench PWR Program,
By J.L. COSTAZ, IDF, Paris la D.fense,

BARRE, Coyne et Bellier, Paris,

Presented at the 7th SHIKRT Conference, August 1983, Chicago.

Significant aspects concerning the leakage tests of the safey
contairments: operational experience evaluation.

Ps G. CRIMALDI, (FENEA-DISP),

Presented at the CSNI Gpeclalist Meeting on Water Reactor Contain-
ment Sefety, Toronto, Canada, 17th-llst October 1983,

Unpublished documents submitted by expert members of the ad hoc
subgroup,
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FRANCE 3 5 S
e < o @
“w = -
USNRC 10CFR3C Appendix I v v
Note REAM “Palier W900 - Auscultstion des bitiments” v
Note SEPTEN “Sireté des enceintes de confinement en béton préconcraint™ v
ORNL, NSIC 26 by P.C. ZAPP "Testing ot contsinment systema” v
ANSI N45. 4 1972 "Leaksge rate testing of contatlaments” v
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Power Engineering, 1376 “Contsinment leak rate testing” v
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WG | - Subgroup

e

"Containment fngineering Safeguardas"

| List of subgroup - members

v A G e .

i ‘ Nane Organization Address Telephone i
[ Telex !
l !
L .
DE BOECK Association VINCOTTE Avenue du Roi 157 02/539.12,00 ;
1060 Bruxelles Tx 22550 VINCOT B
I.¥, TODD Nuclear Installations Thames House North 01 211 4748
! Inepectorate Millibank
4 LONDON SW1
1
R,J. VAM SANTEN Ministerie van Soclale Postbuas 69 OT0=514081 i
Zaken en Werkgelegenhetd 2270 MA VOORBURG Telex 34013 |
Diensz veoor het Stoomwezen 1
v !
; G. GRIMALDI ENEA-DISP Via Vitaiiano 85281 E
Brancati, 48 Tx 612167 ENECR I H
00144 ROMA :
: M. LEVY Min, Ind. recherche 99, rue de Crenelle (1) 556.139.61 4
3 Service Central de F~75700 PARIS Telex 204336
siireté das Installations
Nucleaires k.
1
k
V. CEETS ELECTROBEL Place du Trone, | 02/5186660 ';
1000 BRUXELLES Tx 21852¢ EBL B "
C. ALESSANDRONI ANSALDO Largo Tasselldl
Divisione NIRA ~ Via dei Pescatori, 35 Tx 331048 SONIRA I
16129 GENOVA
P. BASTIANINT  Jofnt Research Center 21020 ISPRA (Iltaly) 78.92.73
lspra (ESSOR) Tx 380042/320058 fUR 1
T. BEYERLE EVS Postfach 158 0711/2083-297
D 7000 STUTTCART | Tx 72 37 15
POREST EDF 3, rue de Messine 764,50.02
Service de la Production F~75384 PARIS CEDEX 08 ELECFRANCEXPLOI-PARIS
Thersique
H.A. MAURER CEC, Brussels 200, rue de la Loi 02-2353571
B-1049 BRUSSELS Tx 21877 COMEU 8
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