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ABSTRACT
Containment Integrated Leak Rate Test (CILRT) 1999 in NPP Krško was completely performed following regulation of
10CFR50 Appendix J Option A and ANSI/ANS 56.8-1987 at a design pressure (3.15kp/cm2). In 2001 NPP Krško
proposed to Slovenian Nuclear Safety Administration (SNSA) the Technical Specification (TS) and Updated Safety
Analysis Report (USAR) changes that describe implementation of new test intervals for Type A, B and C tests
according to 10CFR50, Appendix J, Option B. After the positive final independent review of proposed changes by
Authorized Institution, NPP Krško received the License Amendment requiring from NPP Krško to define technical
solution for surveillance of containment tightness during power operation between two 10-years CILRT. This paper
intends to discuss proposed method by NPP Krško, test equipment, performed experimental measurements in 2004,
associated analyses and evaluation.

1 INTRODUCTION
Slovenian regulatory body (SNSA) position was that analysis related to new test intervals of the Type A, B
and C tests satisfies all requirements from the 10CFR50 Appendix J, Option B. Test frequency for the ILRT
(once in 120 months) was accepted conditionally. Concern was that NEK enters second half of exploitation
life. Due to that SNSA and NEK achieved mutual agreement to establish an alternative method of the
containment tightness monitoring, which should confirm that there is no containment tightness degradation
between two ILR tests. Such alternative method of containment tightness monitoring can’t replace ILRT
(Type A test) but is used only to identify a ``normal`` containment pressurization pattern and to detect
deviations from that pattern. Containment pressurization shall be performed during normal operation with
maximum pressure below Technical specifications allowed value. The main objective of the on-line Low
Pressure Containment Tightness Monitoring is to detect as small leakage from the containment as possible.

2 METHOD AND TESTING EQUIPMENT
2.1 Basic Method
Basically, the method has similar approach used in typical CILRT measurement. The  entire containment
vessel is pressurized to some initial overpressure, and the subsequent pressure drop and temperature
fluctuations of the air in the containment vessel over time are used to determine the leakage rate. The
calculated leakage rate is normalized in to the air content of the containment vessel and therefore is a relative
quantity. The method is generally subdivided furthermore into the mass-point-analysis method, the point-to-
point method, and the total time method.  The mass of dry air in the containment is detremined at successive
times after the initial pressurization using the ideal gas law and measurements of the absolute containment
air pressure, moisture and temperature taken at the same times:
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where p(t)saturation is calculated by Goff-Gratch equation

The method applays linear regression on volumetric normalized mesurement of dry air mass in containment
taking into account constant consumption of instrument air during measurement period on power due to the
fact that in the mode 1 of operation, it shall not be isolated.
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The goal of this test is to measure accurately, as practically achievable, the leakage rate of the containment.
Such type of test shall be backup or independent verification of containment closure (tightness). There is
very low probability that steel containment could be damaged or corroded through unnoticed. The highest
probability of containment tightness degradation exists if certain containment isolation valves, which are
connected directly to the containment atmosphere from one side and outside atmosphere from other side,
stay inadvertently open or excessively leak. Normally, after plant outage, proper containment isolation
valves position is checked and thereafter periodically every three months. This test would shortened time of
potentially degraded containment tightness if some valves were left mispositioned.

2.2 Description of test method (see Figure 1)
In normal operation, containment pressure is increasing due to compressed air leakage from pneumatically
controlled equipment or potentially other gas sources (nitrogen). By measuring the airflow into containment
from one side and pressure, temperature and humidity in the containment from other side, it is possible to
calculate the leakage rate and recognize existence of any openings. The absolute method is to be used to
calculate leakage accompanied with superimposed or calibrated leak test as confirmation of method. The
method is based on statistical analysis. Due to that fact, sufficient data points must be collected to obtain
satisfying accuracy. Based on experience from other power plants, the recommended pressure range should
be at least between 0 and 50 mbar with pressure increase rate normally between 0.5 to 1 mbar/h.
Containment temperatures, humidity, pressure and air flow data are to be acquired by new Data Acquisition
System and processed by personal computer.

During the test, care should be taken not to disturb the conditions in the containment. It means that the
ventilation and containment cooling should be very stable. Therefore, any disturbances in temperature
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distribution in the containment would lead to a greater data points spreading. Equally, other potential gas
sources inside containment or possible gas pathways to containment such as Hydrogen or Nitrogen lines are
to be under control.

To optimize test duration, the rate of pressurization of the containment can be controlled via CX system
which is connected to instrument air header. The measurement is to be performed within the pressure range
from 0 to 70 mbar relatively to the atmospheric pressure. Change in containment air mass will be calculated
based on absolute method calculation. Air mass balance between introduced air in the containment and
measured mass in the containment shall give containment leakage in function of differential pressure
between containment and atmospheric pressure. The data points are to be plotted in a graph showing the
leakage rate as a function of the square root of the differential pressure with acceptance criterion defined at
60 mbar.

2.3 Testing equipment
Containment and outside atmosphere condition monitoring

− 20 temperature sensors

− 6 dew point sensors

− 2 absolute pressure transmitters

− 2 barometers

− 2 air flow meters in the IA system

− 2 air flow meters for verification phase

Data acquisition and processing system

− 1 Data collecting device

− 1 PC
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Figure 1: Description of test method
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3 ANALYSIS, EVALUATIONS, CALCULATIONS

3.1 Reference concept
In normal operation, containment pressure is increasing due to compressed air leakage from pneumatically

Proposed concept is based on similar tests at reduced pressure provided in Belgium. Experimental results of
tests have been performed in 1985 at Tihange 1 and 2, and Doel 3, show the feasibility of such tests. Tests
have been done with a normally isolated containment, like it is in operation and also with different leakage a
path. A few times, the leakage flow has been measured with a flow meter installed on the leakage path. It
should be noted that for tests 8 and 9, there were losses in the line in addition to the 3/4" flow restrictor.

Table 1
Qf at dpNo UNIT Opening (d) Qf60  (Nm3/h)

Nm3/h mbar
1 Tihange 1 - 3,1
2 Doel 3 - -8,6
3 Doel 3 - 4,3
4 Doel 3 - -1,0
5 Tihange 1 7,0 mm 11,0 11 60
6 Doel 3 9,5 mm 18,8
7 Doel 3 9,5 mm 22,5 14

20
19
38

8 Tihange 1 19,5mm 0,7/28,1
9 Tihange 1 19,5mm 32,5 33 60
10 Doel 3 19,5mm 94,7 34 9

The conclusions of these tests are:

1. The small holes can be detected, the detectability limit is at around 10 nm3/h, or a hole of 7mm in
diameter.

2. 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 60mbar is 25Nm3/h for test 7 and 88
Nm3/h for test 10).

3. It is important to accurately measure the temperature and humidity variations in the containment
during tests.

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

3.2 Criterion for acceptable leakage
At the beginning of the Introduction , there is statement that purpose of the test is not to measure accurately
leakage rate of the containment, but to detect any gross leakage path. Criterion should be chosen on the basis
of accuracy of the method. The goal is to adopt such criterion which would from one side discover
significant leak, but from other side avoid area of uncertainty and thus avoid alarming presence of non
existing leak. There are numerous factors that influence the result of the test beside the instrumentation
uncertainty. Reasons are:

- size of the controlled volume
- error in calculation of the free volume of the containment
- external (meteorological) influence
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- uncontrolled inflow of gas
- temperature change in containment cooling media
- dynamic condition of atmosphere inside containment
Criterion for allowable limiting leakage is assumed to cover 0.2%/day of containment volume at design
pressure (3.15kp/cm2) per NEK STS.  This leakage does not present significant risk increase per NUREG-
1493 and FIER FER-TR-06-01. NEK is proposing 1 test per 12 month cycle with defined testing window of
3 weeks including test preparation, containment pressurization and de-pressurization.

3.3 Theoretical designed leakage evaluated by Gothic
Gothic Model NPP Krsko containment consist of:

- three control volumes: containment (39822 m3), anulus (11108 m3), environmet (infinite)
- containment initial conditions (all cases): 101.325 kPa, 48.9 oC (equilibrium), 30% RH (usual

assumption in DBA to promote pressurization in case of break)
- 14 passive heat structures as used in DBA calculations initially at 48.9 oC (outside of concrete

containment wall is at environment temperature of 35 oC)
- RCFCs are not working and there is not heat input from primary system heat loses

Pressurization:

- constant volumetric flow rate (0.00963 m3/s ) of dry air (upstream pressure 13.789 kPa gauge) at
different temperatures (48.9 oC for olm2, 35 oC for olm5, 30 oC for olm6, 20 oC for olm7, 10 oC for
olm8, 0 oC for olm9)

- lower temperature of supply air means higher pressurization rate at constant volumetric flow rate due
to increase of air density

- there is no significant influence of supply air relative humidity on pressurization
- pressurization phase duration is 3 days in all cases
- almost linear pressure increase pneumatically

Depressurization:

- design leak cross section area was calculated at constant containment conditions (59.5 psia, 120 F,
30% RH)

- initial air mass in containment at DBA conditions is 173736 kg (40699 kg at normal conditions)
- 0.2% of DBA air mass is 347.47 kg
- 0.1968% of DBA air mass was discharged at constant DBA conditions to the environment (at 101.325

kPa) during 24 h with assumed leak cross section area of 1.115e-5 m2
- HEM critical flow model was used due to high volume fraction of air in containment volume

Complete cycle:

- constant volumetric flow rate (0.00963 m3/s ) of dry air (upstream pressure 13.789 kPa gauge) at
temperature 0 oC, with design leakage present, during 3 days

- pressure decay calculated during next 57 days
- peak pressure is 109.512 kPa and final pressure is 104.279 kPa
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Figure 2 Air volume flow rate vs. pressure difference for design containment leakage flow path cross section area

∆p [kp/cm2]             Vol.flow [m3/h]
0.00000        0.00000
0.00703        0.11163
0.01406        0.26252
0.02109        0.35059
0.03515        0.48895
0.04922        0.60088
0.06328        0.69715
0.07734        0.78278
0.09140        0.86046
0.10195        0.91441
0.16171        1.17225
0.37263        1.76118
0.72416        2.31727
1.07529        2.64475
1.42724        2.89307
1.77876        3.08268
2.13030        3.23437
2.48184        3.21725
2.83337        3.22948
3.14975        3.22581
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3.4 Test results
Preliminary test was performed in April 2004. Preliminary behaviour of normalized pressure, temperature
and relative humidity during test  are shown on the following figures. Also, calculated dry air mass in
containment and normalized consumption of instrument air are shown.
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Figure 3 Normalized containment temperature
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Figure 4 Normalized containment relative humidity
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Figure 5 Normalized containment pressure
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Figure 6 Calculated dry air mass in containment
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Figure 7 Normalized instrument air consumption in containment

4 CONCLUSIONS
The proposed method for evaluating the leakage rate for the containment during power operation and scaled
overpressure (60mbars) will incorporate the desirable features of the recommended mass-point-analysis.
Since there was just the one test it is early to point out final results with associated measurement acuracy and
evaluation uncertainity. We found that the test methodology is usefull but measurement and evaluation
should be improved: due to the small usage of instrument air in containment the sampling rate of data should
be increased from 1 data per minute to 1 data per 2 second.
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