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Comments by the Editor:

Taking into account the meaning and usage of auxiliary verbs in the German language, in this translation the following
agreements are effective:

shall indicates a mandatory requirement,

shall basically is used in the case of mandatory requirements to which specific exceptions (and only those!)
are permitted. It is a requirement of the KTA that these exceptions - other than those in the
case of shall normally - are specified in the text of the safety standard,

shall normally indicates a requirement to which exceptions are allowed. However, exceptions used shall be
substantiated during the licensing procedure,

should indicates a recommendation or an example of good practice,

may indicates an acceptable or permissible method within the scope of this safety standard.
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Basic Principles

(1) The safety standards of the Nuclear Safety Standards
Commission (KTA) have the objective to specify safety-related
requirements, compliance of which provides the necessary pre-
cautions in accordance with the state of the art in science and
technology against damage arising from the construction and
operation of the facility (Sec. 7 para. 2 subpara. 3 Atomic En-
ergy Act - AtG) in order to achieve the fundamental safety func-
tions specified in the Atomic Energy Act and the Radiological
Protection Ordinance (StrlSchV) and further detailed in the
Safety Requirements for Nuclear Power Plants as well as in the
Interpretations of the Safety Requirements for Nuclear Power
Plants.

(2) Basic requirements for the reactor containment are con-
tained in the Safety Requirements for Nuclear Power Plants in
Requirement No. 3.6, “Requirements for the Safety Enclosure”
as well as in Sec. 6 “Containment” of Interpretation I-2 “Require-
ments for the design of the reactor coolant pressure boundary,
the external systems as well as the containment”. They specify
among others that the leak tightness of the containment shall
be demonstrated by way of an integral leak test before starting
power operation for the first time. Furthermore, regular recur-
rent leak tests shall be performed, allowing an adequate con-
clusion with regard to the leak rate under design conditions.
Safety standard KTA 3405 serves the purpose of concretizing
the measures that, within its scope, must be taken to meet the
above requirements. In this context, a number of individually
cited, conventional engineering standards, in particular DIN
standards, are referenced.

The requirements of the Safety Requirements cited above are
comprehensively covered

e with respect to steel containment vessels by the following
safety standards:

KTA 3401.1 Steel containment vessels;
Part 1: Materials,

Steel containment vessels;
Part 2: Design and analysis,
Steel containment vessels;
Part 3: Manufacture,

Steel containment vessels;

Part 4: Inservice inspections,

KTA 3401.2
KTA 3401.3

KTA 3401.4

e with respect to penetrations and airlocks by the following
safety standards:

KTA 3402 Airlocks on the reactor containment vessel of
nuclear power plants — personnel locks,

KTA 3403 Cable penetrations through the reactor con-
tainment vessel,

KTA 3407 Pipe penetrations through the reactor con-
tainment vessel,

KTA 3409 Airlocks on the reactor containment vessel of
nuclear power plants — equipment airlocks,

and

e with respect to the design life of components by safety
standard:
KTA 3706 Ensuring the loss-of-coolant-accident re-
sistance of electrotechnical components and
of components in the instrumentation and
controls of operating nuclear power plants.

Furthermore, the isolation of operation-system pipes penetrat-
ing the reactor containment vessel in the case of a release of
radioactive substances into the reactor containment vessel is
dealt within safety standard KTA 3404.
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(3) Requirements for the testing manual are specified in
safety standard KTA 1202.

(4) By fulfilling the requirements contained in the present
safety standard regarding

a) requirements for the measurement system and qualification
of the testing personnel,

b) testing schedule,

c) test preparation,

d) test procedure,

e) evaluation of the measurement values,
f) assessment of the results, and

g) documentation,

it is ensured that a leakage test can be properly performed.

1 Scope

This safety standard applies to the leakage test (test of the bar-
rier function) of the reactor containment vessel of stationary nu-
clear power plants (in the following: the containment vessel) us-
ing a change-of-pressure procedure.

2 Definitions
(1) Resolution

Resolution refers to the required change of the measurement
value that just begins to effect a change of the display of the
measurement device.

(2) Evaluation period

The evaluation period is that time section of a measurement
procedure dedicated to the evaluation of the leakage test.

(3) Stabilization period

The stabilization period is the time section of a leakage test be-
tween reaching the test pressure until the start of the evaluation
period.

(4) Change-of-pressure procedure

The change-of-pressure procedure is a method for determining
the leak-tightness of a test object. In this measurement proce-
dure, the leakage flow rate is deduced from the pressure
change with time in the test object (here: containment vessel)
containment vessel. In this context, all influencing factors, like
temperature, humidity and filling level, are taken into account.

(5) Free volume

The free volume of the containment vessel is the inner volume
of the containment vessel minus the volumes of all those con-
tainment vessel internals which cannot be filled with the testing
gas during pressure build-up.

(6) Leakage rate

The leakage rate is defined as the mass of the gas escaping
from the containment vessel in a day, relative to the original
mass of gas in the containment vessel at the beginning of the
evaluation period.

Note:

In the specification for the containment vessel of a German nuclear
power reactor, the limit values relative to the design pressure are
specified as the permissible leakage rate in the dimensional unit of
volume-% per day.

(7) Leakage flow rate

The leakage flow rate is defined as thﬁressure-times-volume

flow (pV-flow) of a certain fluid mediufIOM@HIRRA@INE Bak
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under specified conditions. Its dimensional unit is given as
[Pa x m® x sec] (cf. DIN EN 1779).

(8) Frequency of measurements

The frequency of measurements, v, is defined as the number of
measurement cycles minus one, n-1, per time interval, At:

_n-1
At
(9) Test period

The test period is the overall time needed for the build-up of
pressure, stabilization before start of the evaluation period,
evaluation period, and depressurization.

(10) Test pressure

The test pressure is the pressure specified for the leakage test
of the containment vessel.

(11) Reduced pressure

The reduced pressure is the absolute pressure converted to the
starting point of the evaluation period taking the free volume
and the changes of temperature and humidity into account.

(12) Authorized Expert

The authorized expert for the tests and investigations under the
present safety standard is the expert appointed in accordance
with Sec. 20 Atomic Energy Act by the licensing or supervisory
authority.

(13) Partial leakage rate

The partial leakage rate is the leakage rate of a single leak lo-
cation.

3 Requirements
3.1
3.1.1

Measurement Systems
Basic requirements

When choosing type, number and distribution of the measure-
ment systems it shall be considered that the leakage rate will
be more accurately determinable

a) the smaller the standard deviation, s, of the reduced pres-
sures,

b) the longer the evaluation period, At,

c) the larger the number of measurement cycles, n,
d) the larger the size of the leak, and

e) the larger the test pressure, pa.

3.1.2  Gas pressure measurement

(1) The value and the change with time of the absolute pres-
sure in the containment vessel shall be determined by measur-
ing the gas pressure, pa. The respective measurement devices
and systems used shall be temperature compensated and shall
meet the following requirements:

resolution < 0.01 %
measurement uncertainty < 0.03 %
error limits < 1%

(2) In order to ensure the security of measurement data, a
second pressure measuring device shall be kept in readiness.

(3) It shall be ensured that neither the type nor the design of
the pressure sensing line including measurement system can
have any impermissible effects on the measurement.

3.13
3.131

Gas temperature measurement
Basic requirements

(1) The temperature measurement devices and systems
used shall meet the following requirements:

resolution < 0.05 K
measurement uncertainty < 0.1K
error limits + 3K

(2) The temperature sensors shall be shielded against heat
radiation.

3.1.3.2  Number and distribution of the temperature sensors

(1) The number and distribution of the temperature sensors
shall be specified taking into account that the accuracy of de-
termining the average gas temperature strongly depends on the
invested complexity of measurement devices and on the size of
change with time of the temperature field. In this context, each
temperature sensor shall be assigned to a representative partial
volume. At least one temperature sensor per 3000 m3, however,
at least 10 temperature sensors shall be provided.

(2) The individual temperature sensors shall be arranged in-
side the containment vessel in horizontal layers of approxi-
mately equal heights such that the number of temperature sen-
sors per layer is approximately proportional to the respective
layer volume. The layer thickness shall basically be smaller
than or equal to 5 m — the layer thickness smaller or equal 5 m
applies to the case of a maximum vertical temperature gradient
of 1.5 K/m. In the case of a well-insulated containment vessel
prior to commissioning or after a longer plant outage with con-
tinuing air-circulation, larger layer thicknesses up to and includ-
ing 10 m are permissible. In layers provided with only one tem-
perature sensor, this sensor shall be located at the center of
gravity of the layer. Layers with several temperature sensors (in
the same plane) shall be sub-divided such that an almost equal
partial volume is allotted to each sensor. Each temperature sen-
sor shall be installed at the center of gravity of its allotted partial
volume. The positioning tolerance of the measurement location
shall normally be less than or equal to £ 0.5 m.

If temperature equalization is hindered by ceilings or walls, the
temperature sensors shall be arranged in the individual rooms
such that the average room temperature will be determined. In
this context, the number and spatial distribution of the temper-
ature sensors shall be based on the same criteria as specified
above.

In the case of smaller rooms with similar thermal behavior, sev-
eral rooms may be assigned collectively to one sensor. Rooms
with heat sources larger than 10 kW shall be provided with tem-
perature sensors even if their inner volume is less than 1500 m3.

3.14
3.14.1

Gas humidity measurement
Basic requirements

The humidity measurement devices and systems used shall
meet the following requirements as converted to water vapor

pressure:
resolution < 0.3 hPa
measurement uncertainty < 0.5 hPa
error limits + 1 % of the

test pressure

The calibration range of the gas humidity sensors shall be cho-
sen in advance of the test to be large enough such that the cal-
ibration range will cover the expected gas humidity during the
test.
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3.1.4.2  Number and distribution of the gas humidity sen-

Sors

(1) The number of gas humidity sensors shall normally be
equal to one sensor for every 10 temperature sensors; how-
ever, no less than four gas humidity sensors shall normally be
deployed. The gas humidity sensors shall normally be distrib-
uted analogously to the distribution of the temperature sensors
taking possible humidity sources into account. One calibrated
gas humidity sensor shall be provided as a possible replace-
ment.

(2) Itis permissible to replace the gas humidity sensor in the
suppression pool of a boiling water reactor (BWR) by the five-
minute long spraying procedure performed with operational
means at the beginning of the stabilization period to produce a
relative humidity of 100 % in the atmosphere of the suppression
pool. Each gas humidity sensor shall be assigned to a repre-
sentative partial volume.

3.1.5 Filling level of the suppression pool of a BWR

The respective measurement devices and systems used shall
meet the following requirements relative to the filling level of the
suppression pool:

non-linearity < 0.1 % F.S. (full scale) or 1.0 mm*)
reproducibility < 0.1 % F.S. or 0.5 mm¥)
hysteresis < 0.1%F.S. or0.5mm?*)

")

The larger respective value shall apply.

3.2  Testing Personnel

The testing personnel shall be qualified and certified as
Level 1 in accordance with DIN EN ISO 9712 for the test pro-
cedure used and shall have relevant professional experience.
Professional experience shall normally be attained by participa-
tion in leakage tests of containment vessels in nuclear power
plants. Participation shall comprise test preparation and instal-
lation, execution of the test, measurement evaluation, and
drawing up the final report.

4 Test Schedule

4.1  Basic Requirements

Prior to testing, a test instruction in accordance with Sec. 3.4 of
safety standard KTA 1202 shall be drawn up. This shall ad-
dress, in particular:

a) establishing and documenting the required condition of the
individually involved nuclear power plant systems with re-
gard to the test procedure,

Note:

Regarding a BWR, this includes considering whether or not
pumping water out of the suppression pool will become neces-
sary during the evaluation period.

b) documenting the condition of the test object before, during
and after the test,

c) frequency of measurements,
d) pointin time of test,

e) procedural chart (application of test pressure, stabilization
period, evaluation period, pressure change gradient during
pressure build-up or during depressurization),

f) type and extent of documentation,

g) measures regarding personnel protection, in particular,
when accessing the containment vessel under test pres-
sure,

h) measures regarding fire protection.

Full document details: KTA 3405 2015
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4.2
421

Test Pressure
Initial leakage test

Starting from the depressurized state, the initial leakage test
shall be performed in two consecutive pressure steps: first, at a
pressure of at least 0.5 x 10° Pa over ambient pressure, then,
second, at the design pressure. In the case of facilities with a
design pressure smaller than or equal to 1.5 x 10° Pa, the test
pressure shall be specified in agreement with the proper au-
thority or the authorized expert.

4.2.2 Recurrent leakage test during inservice inspections

After a corresponding preparation, it shall basically be possible
to perform the recurrent leakage test during inservice inspection
at design pressure. Starting from the absolute pressure level
inside the containment vessel before the start of the test, the
leakage test shall be performed by applying an absolute pres-
sure of at least 0.5 x 10° Pa over ambient pressure. During the
evaluation period, the differential pressure shall normally not fall
below this minimum value of 0.5 x 10° Pa. In the case of facili-
ties with a design pressure smaller than or equal to 1.5 x 10°
Pa, the test pressure shall be specified in agreement with the
proper authority or the authorized expert.

4.3  Stabilization period

Subsequent to average pressure change gradients larger than
50 hPa/h, a stabilization period of at least 6 hours shall be ob-
served; after this time detrimental influences (e.g., gas storage
in concrete pores) and unstable gas conditions from the influx
of compressed air will have subsided.

4.4 Evaluation Period

4.4.1 Initial leakage test

The duration of the evaluation period shall normally be
36 hours; it may be shortened to 18 hours, provided, the re-
quirement of Equation 7-6 is fulfilled.

442 Recurrent leakage test during inservice inspections

The duration of the evaluation period shall be at least 10 hours,
provided, the requirement of Equation 7-25 is fulfilled.

4.5 Point in Time of Measurement

45.1 Initial leakage test

The initial leakage test may only be performed after the contain-
ment vessel has been protected against outside temperature
influences and after the pressure test was performed in accord-
ance with Ordinance on Industrial Safety and Health (Be-
trSichV).

45.2  Recurrent leakage test during inservice inspections

(1) The recurrent leakage test during inservice inspections
shall be carried out in the test intervals specified for the contain-
ment vessel in accordance with safety standard KTA 3401.4.

(2) The point in time of the test shall be specified such that
the plant is in a cooled-off and, as far as possible, isothermal
condition, e.g., before start-up after a major inspection or after
an extended shutdown of the plant.
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5  Test Preparation

5.1 Measurement Devices

(1) The measured values shall normally be recorded at a cen-
tral location outside of the containment vessel. In this context,
an air-conditioned and adequately dust free room shall be pro-
vided. The place of, and mode of access to, this measurement
room shall meet the relevant requirements.

(2) The placement and functional capability of the measure-
ment sensors shall be checked. The results shall be recorded
on the corresponding Form Sheets of Appendix B.

(3) The most recent calibration of the pressure and humidity
sensors shall normally not go back further than one year.

(4) The installed measurement systems shall be randomly
checked regarding plausibility and accuracy of the measured
values.

(5) Suitable measures shall be taken to prevent possible loss
of automatically recorded measured data.

5.2 Pressurizing Facility

(1) When operating the pressurizing facility to produce the
test pressure, it shall be ensured that the test pressure and
change-of-pressure gradient do not exceed the values specified
in the test schedule.

(2) The oil separators, air coolers and filters of compressors
shall be chosen such that it is ensured that the charged air con-
tains only a least possible amount of humidity and oil.

(3) Suitable measures shall be taken to ensure that a back-
flow from the containment vessel through the pressure charging
lines into the environment is prevented (e.g., by check valves,
alarm devices). When the test pressure has been reached, the
pressurizing facility shall be separated from the test object.

5.3  Test Object

(1) Before performing the initial leakage test, all containment
vessel penetrations out to the first inner or outer anchor point
as well as to their first inner or outer isolating devices shall ba-
sically be installed.

(2) The penetrations of the containment vessel shall be
closed off by the designated isolation devices operated by
means of their regular operation mechanisms. Only exceptions
are those systems which, in accordance with the operating
manual, must remain in operation during this operating condi-
tion of the power plant. Furthermore, during the initial leakage
test, temporary blanks may be used on those systems which
will not be in direct contact with the containment vessel atmos-
phere during later operation, provided, it can be verified that
these systems have only a negligible effect on the test result of
the initial leakage test.

(3) The inner hatches of air locks shall be in their open posi-
tion; the outer hatches of locks shall be closed and shall be
locked using their regular operation mechanisms.

54 Components

(1) As far as technically possible and permissible from the
point of view of safety, it shall be ensured that all rooms, sys-
tems and components within the containment vessel can be
pressurized to the level of the test pressure.

(2) It shall be checked whether component parts (e.g., ves-
sels, operational instrumentation, lighting) could be damaged
by the test pressure or whether the operational instrumentation

will deliver false values (e.g., fire alarm).
measures shall be taken to prevent such effects.

If necessary,

(3) The lighting inside the containment vessel shall normally
be reduced to a necessary minimum.

(4) During the leakage test, the residual heat removal sys-
tems shall remain in their stationary state of operation. As far
as possible, a train-to-train switchover shall be avoided.

(5) The leak-tightness of vessels with a high inner gas pres-
sure and whose pressure cannot be reduced to ambient pres-
sure shall be tested before performing the recurrent leakage
test during inservice inspections.

(6) Plant components inside the containment vessel shall be
shut down, provided, this is permissible in accordance with the
operating manual and the test instruction.

(7) The condition of the plant components inside the contain-
ment vessel shall be recorded on the respective Form Sheets
of Appendix B.

6 Test Procedure

(1) The test shall be performed in accordance with the test
instruction. The condition of the containment vessel closure de-
vices, especially that of the air locks, shall not be altered during
the evaluation period unless otherwise specified in the test in-
struction.

(2) The frequency of measurements shall be chosen to be at
least 6 per hour. In this context, it shall be taken into consider-
ation that a longer evaluation period or a higher frequency of
measurements will significantly improve the accuracy of the test
results.

(3) Inthe case of a failure of the measurement system lasting
longer than one hour, the measurement period shall be in-
creased by the length of the failure outage.

(4) During the measurement, all electrical measurement val-
ues shall be converted into the respective physical quantities,
and the variables of state shall be determined for the gas mix-
ture inside the containment vessel.

(5) The variables of state and the calculated reduced pres-
sure shall promptly be graphically displayed to enable a contin-
uous monitoring of the test.

(6) Incase of a failure of individual measurement sensors, the
further procedure shall be specified in agreement with the au-
thorized expert. It is permissible to continue with the leakage
test, provided, the trend of the previously measured values re-
veals that the measured values of the failed sensors have an
only negligible effect on the test result.

(7) If, during the evaluation period, a flow of gases from the
outside into the containment vessel is unavoidable or if gas is
removed by means of a leakage exhaust system, then the re-
spective mass flow shall be determined by measuring the volu-
metric flow and the gas state (pressure, temperature). A feed-
back into the containment vessel is not permissible.

(8) The filling level of the fuel pool of a pressurized water re-
actor (PWR)and the suppression pool of a BWR shall be kept
constant during the leakage test, or any change of the filling
level shall be kept as small as absolutely unavoidable.

(9) During the leakage test, the temperature of the cooling
medium in the fuel pool should be at the same, or only slightly
lower temperature as that of the ambient vessel atmosphere. In
this context, the feedback cooling system of the fuel pool shall
be properly adjusted and in good time before start of the test.
In case, during the evaluation period, the temperature of the

fuel pool cooling medium is far above the tefg@UHTIONTS
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ambient vessel atmosphere, the plant operator and authorized
expert shall assess in how far this affects the measurement re-
sult.

(10) If the pumping off of water from the suppression pool of a
BWR becomes necessary as specified in Section 4.1 item a),
then the pumping-off procedure shall normally be timed for the
middle of the evaluation period. After the end of the pumping-
off procedure, the measurements shall be continued for at least
two more hours. In case of an offset of the two curve sections
(each of equal duration) before and after the pumping-off pro-
cedure, this fact shall be subject to a special assessment.

Note:

The goal of the pumping-off procedure is to achieve that the sup-
pression pool has similar filling level at the end as at the start of the
evaluation period.

(12) If, in the course of the leakage test, it becomes apparent
that the goal of the test will not be reached, the tester shall in-
form the responsible person of the plant operator. Any neces-
sary leak detection shall be recorded on Form Sheet 19 of Ap-
pendix B. Itis permissible that multiple groups perform the leak
detection in parallel. Each measure for reducing the leakage
rate shall be realized individually, however, only after release of
the respective work task. After realization of an individual meas-
ure, a waiting period shall be observed to check its possible ef-
fect on the leakage rate. Further measures shall normally not
be taken before the end of this waiting period.

7 Evaluation of the Measurement Results
Note:

The nomenclature of the equations is collectively presented in Ap-
pendix A.

7.1  Basic Requirements

(1) The following measurement values shall be determined:
a) test pressure, pa,

b) gas temperature, Tr,

c) partial pressure, pd,

d) volume ratio, V/Vo.

(2) Itis permissible to neglect individual measured values (im-
plausible or freak values), provided, it is clear that the individual
measured value is not plausible or that it can be identified as
having been caused by a disturbance. On account of neglected
individual measured values, the evaluation period need only be
extended if the overall respective measurement outage ex-
ceeds one hour.

(3) The evaluation shall be carried out in the following steps:
a) calculation of the reduced pressures,

b) calculation of the leakage rate,

c¢) calculation of the confidence limits of the leakage rate,

d) calculation of the leakage flow rate,

e) calculation of the confidence limits of the leakage flow rate.

7.2 Calculation of the Reduced Pressures

(1) Since the variables of state like temperature, humidity and
vessel volume can change with time in comparison to the refer-
ence state, the pressure values shall be converted to this refer-
ence state. This reduced pressure shall be calculated according
to the following equation:

V x T,
Pb= (Pa —Pd)ﬁ

7-1
VO xT ( )
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(2) For determining the partial pressures, the relative humid-
ity, ¢j, shall be converted to the water vapor pressure, pdj, ac-
cording to the following equations:

pdj:(Pj XpSJ' (7-2)
In pg;= 56.88 — 68913 _ 5.32xIn T,.

) T, ) (7-3)
(ps in [hPa]).

(3) The average absolute gas temperature of the gas mixture
within the containment vessel shall be determined by a mass-
proportional averaging according to the following equation:

T, = 2\\2
2

i

(7-4)

(4) The average water vapor pressure shall be determined by
volume-proportional averaging according to the following equa-

tion:
0 Zvj x pdj
d ="~
2.Vi
(5) Inview of the actual design conditions (e.g., structural de-
sign and choice of materials), it is permissible to neglect the

pressure-dependent change in volume of the containment ves-
sel.

(7-5)

(6) If the reduced pressure of the initial leakage test shows
deviations from a linear course, each individual case shall be
investigated with regard to whether the compensating lines,
B(1) and B(2), of two immediately adjacent analysis sections,
(1) and (2), have the same gradient. Each of the analysis sec-
tions shall represent a minimum evaluation period of five hours
with the same frequency of measurements and the same num-
ber of measurement cycles, n(1) = n(2) = n. The following equa-
tion shall be satisfied:

[B(1) -B(2)

PR e 1(5F o,
Jowr ey 1= A

The statistical parameter, taa, shall be chosen as specified un-
der Table 7-1.

(7-6)

Number, n, of the
measurement cycles| Statistical parame-
in the respective ter, toy

analysis section

3 4.30

4 2.80

5 2.40

6 2.30

7 2.20

10 2.10

20 2.03

30 2.00

50 1.98

100 1.97

over 100 1.96

Table 7-1: Statistical parameter, toa, for various numbers of

measurement cycles
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If the condition of Equation 7-6 cannot be satisfied, then two
analysis sections shall be picked out from the overall course of
reduced pressure values which satisfy this condition. These two
sections shall cover at least 36 hours and shall encompass
three complete half waves consecutively following each other.
If these two sections still do not satisfy Equation 7-6, the evalu-
ation period shall be extended by at least 12 hours.

7.3  Calculation of the Leakage Rate

(1) The reduced pressure values calculated as specified un-
der Section 7.2 shall be approximated by a straight line, since,
for leakage rates smaller than or equal to 5 % per day, the pres-
sure decrease with time is small enough such that the exponen-
tial pressure characteristic can be approximated by a linear
pressure characteristic.

(2) The gradient, B, and on the ordinate section, A, of the lin-
ear regression line shall be calculated by the least mean square
algorithm using the following equations (cf. A. Linder, Statis-
tische Methoden, Birkenhauer Verlag, Basel 1964):

nxz(ti Xpbi)_zti x D Po,

B= (7-7)

nx >y 4 —(Zti)z
A :%(Zpbi _B'Zti)

(3) Based on the gradient, B, and the ordinate section, A, of
the linear regression line, the leakage rate shall be calculated
using the following equation:

B

I-integral = A

(7-8)

(7-9)

(4) In the leakage test the measured partial leakage rates
shall be taken into consideration. The corresponding change in
mass, Am, shall be calculated from the following equation:

1 Am

partial = " ” (7-10)

(5) If volumetric flows are measured, the following equation
may be used:

Vem X Prem % Tev
Vev %P1, * Tem

L partial = (7-11)

(6) Here, the free volume, V, of the containment vessel must
be known. The respective uncertainty shall be no larger than
+5 %.

(7) Those partial leakage rates effecting an increase of mass
inside the containment vessel shall be characterized by a plus
sign. Partial leakage rates effecting a loss of mass inside the
containment vessel may only be taken into account, if the re-
spective leaks will be permanently removed after the leakage
test. These leakages rates shall be characterized by a minus
sign. The leakage rate shall be calculated using the following
equation:

L= I-integral + ZLpartial (7-12)

7.4  Calculation of the Confidence Limits of the Leakage
Rate
7.4.1  Confidence limits of the leakage rate

(1)The standard deviation of the reduced pressures (cf. A.
Linder, 1964) shall be calculated using the following equations:

Full document details: KTA 3405 2015

(7-13)

SZJZ(A+thi_pbi)2

n-2

Then, the gradient of the linear regression line is

Sp =% |——"
\/nXth —(Zti)z

and the ordinate section of the linear regression line is

20
nxy t? —(Zti)2

(2) The confidence range for the leakage rate calculated as
specified under Section 7.3 shall be equal to 2 x sL with s. being
calculated using the following equation:

(7-14)

Sp=Sx (7-15)

SA | | S
s 1+ X x —xt 7-16
[ A SB] A loz (7-16)
B S
If S—Axu<<l then S =-2xt,, (7-17)
S A

may be used as approximation. The statistical parameter, tq2,
shall be chosen as specified in Table 7-2.

Number, n, of | Statistical parameter,
measurement | ta,
cycles

4 13.10
6 5.60
8 4.30
10 3.83
15 3.37
20 3.20
30 3.05
50 2.94
100 2.87
200 2.84
500 2.82
over 500 281

Table 7-2:  Statistical parameter, to2, for various numbers, n,

of measurement cycles
The confidence limits of the leakage rate shall be calculated as:

L+sL and L-sL (7-18)

7.4.2  Confidence limits of the leakage rate

The confidence limits of the leakage rate shall be calculated
from the confidence range of the leakage rate and the error of
the partial leakage rate measurements as follows:

_ [G(vem)]2 +(G(VCV)JZ +(G(plem)}z X

Vem Vev P1Gm

S Lpartial

L partial
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%

2 2 2

+(G(p1a)] +(G(Tr)J +(G(TGm)] 719
P1a T, Tom

SL= \/(SLintegral}2 + (Spartia|)2 (7-20)

7.5  Conversion to Design Pressure

(1) In addition to the permissible leakage rate, L1 perm, at the
design pressure, pu1, the leakage rate, L2 perm, at the pressure
puz shall be calculated from the following equations:

L K
In case —2 < [pij then
Ly \Pu

L,
Loperm = Liperm ¥ L. (7-21)
1

K
and, in case I'—2> [pi] then
1 Pi1

(7-22)

R
Loperm = Liperm X[ = J
Pu1
With
L> leakage rate measured in the initial leakage test at the pres-
sure of the recurrent leakage test during inservice inspec-
tions,

L1 leakage rate measured in the initial leakage test at design
pressure

puz pressure of the recurrent leakage test during inservice in-
spections, and

pa1 design pressure.

(2) In the initial leakage test, the confidence range shall not
exceed 4 % of the permissible leakage rate, L1,perm, that is

at design pressure:

S
<002

(7-23)

1perm

and at the pressure of the recurrent leakage test during in-
service inspections:

S
L2 <0.02

(7-24)

Lperm

(3) The confidence range of the recurrent leakage test during
inservice inspections shall not exceed 60 % of the permissible
leakage rate, L2perm, that is

St <03

(7-25)
I-2,p':-zrm
Note:

If one of the measured leakage rates, L1, L2, or both of the meas-
ured leakage rates are very small (< 0.01% per day), special
measures shall be agreed upon between the parties involved.
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7.6 Conversion of a Permissible Leakage Rate into a Leak-
age Flow Rate
7.6.1  Specification of the limit value for the recurrent leak-

age test during inservice inspections

The leak tightness criterion shall be converted from the design
requirements to the test requirements as specified under Sec-
tion 7.5. The leakage flow rate, q., shall be calculated using the
following equation:

_ I-2,perm xVxpgy

o _ (7-26)
perm, test pressure 8.64x10°

3

X S_]‘]

[Paxm
with
L2,perm [% per day],
v [md,
pa average test pressure during evaluation period [Pa].

7.6.2  Conversion of the measurement result from a leak-
age rate into a leakage flow rate
7.6.2.1 Conversion of the measurement values

The measured leakage rate, L, shall be converted into a leak-
age flow rate, q., using the following equation:

L, test pressure = prg [Pax m? x 3_1]
8.64 x10 (7-27)
with
L [% per day],
vV [md,

pa average test pressure during evaluation period [Pa].

7.6.2.2  Conversion of the confidence range

The confidence range shall be converted using the following
equation:

iSL XVXpa

S o1 100 Paxm®xs?] (7-28)
. X

AL, confidence limit =

8 Assessment of the Results

The leakage test shall be considered as successfully completed
if the following relationship is fulfilled:

L, test pressure *+ (L, confidence limit < Qperm, test pressure

9 Documentation

9.1 On-site Report

Immediately after the end of measurements, the tester shall
draw up an on-site report. This report shall comprise at least the
following:

a) location, time and duration of the measurements,
b) calculated leakage flow rate including confidence range,
c) permissible leakage flow rate,

d) graphic representation of the course of the reduced pres-
sure and of the leakage flow rate,

e) print-out of the essential input parameters of the software
program for the evaluation,
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f) singular events in the course of testing (e.g., outage times, | d) singular events relevant to the test results and the corre-
walk-trough inspection of containment vessel, reasons for sponding measures taken,

extending the measurement time). . . . .
9 ) e) measures taken in connection with a possibly necessary

leak detection.

9.2  Final Report (2) Form Sheets 1 through 19 shall be filled in by the plant
operator. Form Sheets 20 through 28 shall be filled in by the
tester.

(3) The final report shall be presented to the party that com-

o missioned the leakage test within three months after completion

b) calibration documents of the employed measurement de- | of the recurrent leakage test during inservice inspections.
vices,

(1) The tester shall draw up a final report. This report shall
comprise at least the following:

a) (filled in) Form Sheets of Appendix B.

(4) The extent of the documentation shall be specified in ac-
c) quality assurance measures taken during the setup of the | cordance with safety standard KTA 1404.
leakage test,
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