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1 INTRODUCTION

In an international context where greenhouse gas (GHG) emissions, and more specificaly
methane (CH4) emissions are considered to have an important impact on Climate Change, itis
crucial for the industry to assess and to mitigate the methane emissions in order to support and
contribute actively to the European goal of achieving the Paris targets.

Methane emissions management and reduction is the top priority for the European natural gas
industry which has to address this challenge by putting in place systems to ensure a high level
of transparency and reliability when reporting its emissions of methane.

MARCOGAZ detected a lack of harmonized standards to address the quantification of methane
emissions from the natural gas industry and, therefore, developed the present document that
describes a methodology, based on a bottom-up approach, to identify and to quantify all types
of methane emissions from transmission and distribution systems.

This document should be a technical guideline for gas companies across Europe to support fast
and harmonized implementation of methane emissions quantification process.

This document will be submitted to CEN in order to be used as technical reference to prepare a
European standard on methane emissions quantification in transmission and distribution grids.
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2 SCOPE

This document describes a methodology to identify different types of methane emissions from
the natural gas infrastructure and it explains, step by step, how to quantify each (type of)
emission.

Two parts of the natural gas value chain - transmission and distribution systems - are covered,
but the general principles can also be applied to other parts of the chain.

The present document specifies a bottom-up method of quantification of identified methane
sources. This quantification method requires splittingthe gas infrastructure into groups ofassets
and indicating categories of emission that can be expected from these groups to determine the
emission factors (EF) and the activity factors (AF) for each group.

Finally, a general method to calculate the uncertainties associated with the quantified amounts
of emitted methane is described.

Note: Parts of the methods of this documentare retrieved by an international research program
initiated by GERG for DSO [ref. (1)]. At the time of writing this document, there is another
GERG programme investigating the performance of different techniques of methane emissions
measurement.
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3 TERMS AND DEFINITIONS

For the purposes of this document, the following terms and definitions apply:

* Activity Factor - AF
A numerical value describing the size of the population of emitting equipment’s such as length
of pipelines, number of valves (per type), nhumber of pneumatic devices (per type), or the
frequency of emitting events such as number of operating vents, multiplied, if relevant, by the
duration of the emission.

* Block valve

A valve used to isolate a segment of the main transmission pipeline for tie-in or maintenance
purposes. Block valves typically are located at distances of 10 km along each line to limit the
amount of piping that may need to be depressurized for tie-ins and maintenance, and to reduce
the amount of gas that would be lost in the event of a line break.

* Blow down valve
Avalve usedtoemptyagas pipeline section orawhole installation and, when activated, initiates
the gas blowdown (e.g. when gas compressor units are shut down).

* Connection
Area of contact between two or more linked parts, normally sealed by mechanic means in order
to keep tightness.

* Devices

Any equipment (active or passive) related to a gas system and needed in orderto keep the
normal operation of the network. It can be found as in-line equipment (like valves) or auxiliary
equipment (like analysers). Methane emissions can appear from devices in unexpected way or
as consequence of its function.

* Control valve

Modulating valve that controls eitherthe flow rate or pressure through the pipeline. Inthe latter
case, this facility is often referred to as a regulator station. Usually, high pressure gas from the
pipeline is used as the supply medium needed to energize the valve actuator.

* Discharge Coefficient - Co

Co coefficient, which relates the actual flowrate to the theoretical flowrate through an opening
and accommodates the friction of the real flow as well as boundary layer effects (jet
contraction). Needs to be determined experimentally and is nearly one for well-rounded
openings.

Remark: According to several data sources, a value of about 0.6 can be applied for sharp edged
holes, welding cracks or ruptures (ref. (2), (3), (4)).

* Emission Factor - EF
The emission factor describes typical methane emissions of a component or part of the gas
system (e.g. valve, pipeline section) and can have units like [m3/km]or [m3/event].

*  Fugitive emission
Leakages due to tightness failure and permeation.

MARCOGAZ - 2019 Page 6 of 64



* Gas compressor station [ref. (5)]

Installation used for:

- transporting gas in pipelines;

- compressing gas from a pipeline to a gas storage facility or vice versa

More than one of the above functions could be done simultaneously or alternatively.

* Gas distribution system [ref. (6)]
Mains and service lines including piping above and below ground and all other equipments
necessary to supply the gas to the consumer.

* Gas transmission [ref. (7)]

Transmission’ means the transport of natural gas through a network, which mainly contains
high-pressure pipelines, other than an upstream pipeline network and other than the part of
high-pressure pipelines primarily used in the context of local distribution of natural gas, with a
view to its delivery to customers, but not including supply;

Remark: Transport from production companies to the distribution companies and to the industry.
Transmissionlines transport natural gasacrosslong distances andoccasionally across interstate boundaries.
They are connected to the distribution grid via city gate stations.

High-pressure gas transport over long distance including pipelines, compressor stations, metering and
regulating stations and a variety of above -ground facilities to support the overall system. Underground gas
storage and LNG terminals are excluded. Operating pressure is normally equal or greater than 16 bar.

* Gate station

A distribution facility located adjacent to a transmission facility where pressure reduction first
occurs and the natural gas flows through a splitter system for distribution to different districts
or areas. The gas is often metered, heated, and odourised at this point. These stations may
have multiple meteringand pressureregulatingruns. Gate stations are also typically the custody
transfer point between transmission and distribution.

* Incident [ref. (5)]
Unexpected occurrence, which could lead to an emergency situation.

* Incident emission
Methane emissions from unplanned events. This will normally be from failures of the system
due to third party activity and external factors.

* Incomplete combustion emissions
Unburned methane in the exhaust gases from gas turbines, gas engines and combustion
facilities and flaring.

* Installation [ref. (8)]
Equipment and facilities for the extraction, production, chemical treatment, measurement,
control, storage or offtake of the transported gas.

* Methane emission
Any release of methane to the atmosphere, whatever is the origin, reason and duration.

* Main lines of distribution [ref. (9)]
Pipework in a gas supply system to which service lines are connected.
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* Operational emission

Methane emissions from normal or planned operating activities where often significant volume
of natural gasis released to the atmosphere from the gas network. This includes release through
stacks; blow off valves, pressure release and purging of turbines and emissions due to normal
maintenance inspection and control. Operational vents comprise planned venting and purging
of pipelines, which is usually done during commissioning, decommissioning, renewal and
maintenance of pipelines for safety reasons to prevent the risk of explosions. Pneumatic
emissions are also operational emissions.

* Permeation

Penetration of a permeate (such as a liquid, gas, or vapour) through a solid. In case of natural
gas through polyethylene pipelines, it is directly related to the pressure of the gas and
polyethylene intrinsic permeability.

* Pipeline components [ref. (6)]

Elements from which the pipeline is constructed. The following are distinct pipeline elements:
pipes, including cold formed bends;
e fittings;

EXAMPLE 1 Reducers, tees, factory-made elbows and bends, flanges, caps, welding stubs,
mechanical joints

e ancillaries;

EXAMPLE 2 Valves, expansion joints, insulating joints, pressure regulators, pumps,
compressors

e pressurevessels

* Pneumatic emission
Emissions caused by gas operated valves, continuous as well as intermittent emissions

* Point of delivery [ref. (6)]
Point where the gas is transferred to the user. This can be at a means ofisolation (e.g. at the
outletofan LPG storage vessel)orat a meterconnection. Forthis documentthe point ofdelivery
is typically nominated by the distribution system operator and can be defined in National
Regulations or Codes of Practices.

* Porosity [ref. (10)]
Volume of the pore space (voids) within a formation expressed as a percentage of the total
volume of the material containing the pores.

* Pressure regulating station [ref. (9)]

Installation comprising all the equipment including the inlet and outlet pipework as far as the
isolating valves and any structure within which the equipment is housed, used for gas pressure
regulation and over-pressure protection.

* Purge factor
fpurge + Factor, which accounts for the emissions caused by purge operations. Purging of the air

inside a pipeline or facility is necessary to mitigate the risk of explosions. The purge factor
herein not refers to the amountof purge gas used but to the amount of the gas vented.
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Example: If purging is done with 1.5 times the pipeline volume, one volume stays in the pipe
and 0.5 volumes are vented to the atmosphere. The purge factor is in this case 0.5. If the actual
purge factor is not known for an operation, country specific factors should be used.

* Purging [ref. (6)]
Process for safely removing air or inert gas from pipework and/or pipeline components and
replacing it with gas, orthe reverse process.

* Regulator [ref. (11)]
Device which reduces the gas pressure to a set value and maintains it within prescribed limits.

* Service lines [ref (9)]
The pipework from the main lines to the point of delivery of the gas into the installation
pipework.

Remark: Service line is usually a short, small diameter pipeline that delivers gas from distribution main or
transmission pipeline to the customer. They are usually made of steel pipe or steel tubing (either
cathodically protected or not), or plastic (usually polyethylene, but sometimes PVC or other plastic),
although copper tubing was also used in the past. Service lines can be installed under or above ground.

* Uncertainty (of measurement) [ref (12)]
Parameter, associated with the result of a measurement, that characterizes the dispersion of
the values that could reasonably be attributed to the measurand.

NOTE 1: The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-
width of an interval having a stated level of confidence.

NOTE 2 Uncertainty of measurement comprises, in general, many components. Some of these components
may be evaluated from the statistical distribution of the results of series of measurements and can be
characterized by experimental standard deviations. The other components, which also can be characterized
by standard deviations, are evaluated from assumed probability distributions based on experience or other
information.

NOTE 3 It is understood that the result of the measurement is the best estimate of the value of the
measurand, and that all components of uncertainty, including those arising from systematic effects, such

as components associated with corrections and reference standards, contribute to the dispersion.

* Vented emissions
All emissions due to operations and incidents.
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4 SYMBOLS AND ABBREVIATIONS

Table 4-1 Symbols applied within this report

Unit
Description
P (if not specified otherwise)
A Area m?
AF Activity factor (used in combination with EF) km or —.
Forchheimer coefficient m!
c Concentration vol %
Cp Discharge coefficient —
d Diameter m
. kgcha
E Methane emission -
yr
kg kg kg
EF Emission factor (used in combination with AF) 3 CH4, L
yr kmyr ™ event
Foy Super compressibility factor -
f purge | Purge factor -
k Perm eability of the soil m?
K Y Adiabatic index of natural gas —
l Length of pipelines km
kg
M Molar mass
kmol
u Dynamic viscosity of the gas Pa-s
leaks leaks
n Number (e.g. of leaks, incidents, events, etc.) or , et
yr km-yr
cm3
PC Permeation coefficient _—
m-bar -d
P Absolute pressure bar(a)
kg
Qm Mass flow rate —
yr
m3
Q, Volume flow rate —
yr
J
R Ideal gas constant
mol - K
r Radius m
. kg
p Density —
m
SDR Standard Dimension Ratio —
s Wall thickness m
T Temperature K
U Uncertainty -
t Duration of gas escape h
V geo Geometric volume of the pipeline m3
X Fraction —
Z Compressibility factor —

Table 4-2 Indices applied within this report
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Symbol Description

0 Universal
atm Atmospheric
CH, Methane
eq Equivalent
ext External

i Specific
inc Incident
int Internal

m Mass
NG Natural gas

n normal conditions (0°C, 101,325kPa)

op Operational

perm Permeation
purge Purging

ss Start / stop

survey Survey
total Total

v Volume
vent Venting

Table 4-3 Abbreviated terms applied within this report

Abbreviation Description

AF Activity Factor
DN Nominal Diameter
DSO Distribution System Operator
TSO Transmission System Operator
EF Emission Factor
EPA Environmental Protection Agency (USA)
FID Flame Ionization Detector
GERG European Gas Research Group
HFS High Flow Sampler
HP High Pressure
LNG Liguefied Natural Gas
LP Low Pressure
MEEM Methane Emission Estimation Method
MP Medium Pressure
MOP Maximum Operating Pressure
PN Nominal Pressure
PRMS Pressure Regulating and Metering Station
PRS Pressure Regulating Station
SDR Standard Dimension Ratio. The ratio between the outside diameterand
the wall thickness.
UGS Underground Gas Storage
UNFCCC United Nations Framework Convention on Climate Change
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Additional Optional Elements:
- Biogas Injection Plants

- LNG Sateliite Stations

- LNG Liquefaction Plants

- Natural Gas Filling Station (LNG and CNG)
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Figure 5-2: Overview of the gas grid






asset groups need to contribute to reach the target, thereby providing strategic information for the future
efforts in maintenance and renovation.
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Figure 5-3: Process work plan improving the methane emission estimation.

Improvements

!

Based on previous methane emission estimation

* Consider your asset groups: Do you need another
or a more detailed split in groups?

4

Plan field work based on knowledge of group contribution
to total methane emission
* Consider new groups to be measured
* Decide for which asset groups and types of emission,
data needs to be improved or validated

4

* Perform a measuring and data collection campaign
* Document new, improved and validate existing data

(i.e. EF)
o

Quantify company methane emission with available data

* Calculate the total emission using measured and
estimated data

* Make an uncertainty estimation of methane emission

* Report emissions

* Consider possible improvements

* Consider actions or changes in your asset management
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Table 6-1: Examples of EF and AF units for different types of emission

Types of emissions

Pipeline permeation

Qm in [kg/km *yr]

N = length of pipelines,

in [km]

t = duration of the leak
expressedin [year]
(for new pipeline, t can
be < 1)

Leaks due to connexions
(flanges, pipe equipment,
valves, joints, seals)

Fugitive emissions

Qm in
[kg/leak*yr]

N = number of assets
of each group
t = duration of the
leakage expressedin
[year]

P i ting f
") urglng/v_en 'ng for N = numberof vents or
c works, maintenance, .
) L. Qm in [kg/event] purges
] commissioning and )
8] L t is not relevant (t=1)
£ decommissioning
9 Regular emissions of Om in N = number of devices
("] g - m
h | f h
g technica dewc_es [kg/h*device] o ea.c t'ype
-.g (e.g. pneumatic) t = duration in [hour]
o . N = number of starts &
on' Start & Stop Qm in stops
k tart/st
[kg/(start/stop)] tis notrelevant (t=1)
. N = number of
Qm in incidents or km of
= 2 Distribution grid [kg/incident] or .
3 S [kg/km] pipeline
g 8 t is not relevant(t=1)
= g - _ Qm in N = n}_lmberof
Transmission grid [kg/incident] incidents
9 tis notrelevant(t=1)
9 g N = number of
% = combustion
£ _E Qm in [kg/h] installations in service
S €
€ 0
- O

t = duration in running
[hour]

Conversion of volume flow rate into mass flow rate

Equation to calculate the mass flow rate Qm based on the volume flow rate Quv.

6-3

Qm = Qv-XcH4 - PcHa
Where:
Qm mass flow rate of methane in kg/time unit
Qv volume flow rate of gas in m3,/time unit
XCH4 methane concentration in the gas (in %) based on the gas composition
pcHa  density of methane (i.e. 0,7175 kg/m 3 in normal conditions)
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Where
_ Weighted average operating pressure for all pipelines existing in an operators or
Pot countries grid, in [bar]
Dpr Weighted average operating pressure for all purge operations including atmospheric
pressure, in [bar]
T Average diameter of all pipelines of a distribution grid, in [m]
int
7 Average com pressibility at venting condition (75, and T, ), [-]
vt_int
Zyme Average compressibility at purging conditionp,; and T, ,[-]
X Share of pipelines which are renewed, commissioned or commissioned per year, [-]
op
e, Mass fraction of methane in natural gas [-]
P Density of natural gas at normal conditions
Leotal Total length of the pipelines in the distribution grid, in [m]
Tt Average gas temperature in a distribution grid, in [K]
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Where:

t Duration from the beginning of the gas escape until the gas flow is stopped (at least
by provisional measures), in [h]

ty Duration from the beginning of the gas escape until the incident is reported to the
operator, in [h]

t, Duration from the call until arrival on site, in [h]

ts Duration of onsite activity until the gas flow is stopped (at least by provisional
measures), in [h].

In case of reported third-party damage, the beginning and the duration of the gas escape is
well known.

Generally, the times t,, t, and t; are known by the DSO and TSO. If the exact times are not
known, an operator-specific or country-specific t should be used.

In case of otherincidents (e.g. reported due to gas smell), the beginning of the gas escape is
not always known, thus assumptions can be made, for instance depending of the location of
the incident and the frequency of the survey.

6.6.5 Number of Incidents

The numberofincidents shallbe counted overthe reporting period. It is usually exactly known
as each incident is expected to be logged and categorized.

Attention needs to be paid to the number of incidents: it needs to be ensured, that the related
emissions are not estimated in anothercategory (e.g. fugitive leaks) to avoid double-counting.

6.7 Methane emissions from incomplete combustion

Methane emissions from combustion are normally estimated or measured.

Direct measurement (e.g. measurement with a sensor directly into the stack) or on-line
estimations (e.g. indirect measurement based on other parameters) of methane in the
exhausts should be used to measure unburned methane in the waste gasses ofthe combustion
engines.

6.7.1 Measurement

When direct measurementsoronline estimations are performed, the total yearly emissions are
calculated as:

E combustion = ijt dt 6-23
Where:
. . rkg
E.ompustion  Otal unburned methane from combustion, in [;]
Qm, Emission rate during a time interval dt, in [kg]
dt Time interval

6.7.2 Emissions based on emission factor

Unburned methane emissions from combustion shall be calculated from an emission factorand
activity factor if no direct or indirect measurement is available. Emission factors can be
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Description of technology /operation Advantages Disadvantages m

monitoring periods by the chamber volume/area
ratio.

Dynamic chambers quantify emissions using
inlet/outlet methane concentrations with a known
rate of the flux.

Can measure the variability of
emissions over large source
areas

e Provides measurement that
must be repeated to capture
temporal trends

Release of tracer gas (C2H2, N20) at known rate
from source area. Measurement of methane and
tracer concentrations across well-mixed downwind
plumes to derive emission rate. The correct
emission measurement depends on sensors layout
and meteorological conditions

Measures total methane
emissions from source area.
Measures complex sources

o Difficult to isolate individual
sources
¢ Vulnerable to bias if the
locations of tracer release
differ significantly from the
location of methane release.
Laborintensive to measure
the spatial and temporal

Fourier
Transform
Infrared
Spectroscopy
(FTIR),
Laboratoire des

External variability of emissions over | Sciencesdu
tracer many sources. Climat etde I’
Environnement
(LSCE) FTIR ,
Cavity Ring Down
Spectroscopy
(CRDS), Weather
station
Measurement of path-integrated methane along | ® Measures total methane + Difficult to isolate the Open-path
. emissions from variable-sized different sourcesin source
boundaries of asource area (e.g., ppm methane . spectrometers
] ] o ] source areas. area depending on )
Perimeter along with wind characteristics to estimate an « Allows long-term continuous distribution and (infrared, tunable
facility li emission rate.) monitoring to capture meteorological conditions. diode laser)
acility line temporal trends in emissions | ¢ Appropriate topographic and
measurements meteorological conditions are

necessary.
Difficult to determine the
area contributing to leakage
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Table 7-2: Methods for methane detection

Flame ionisation detection

Description

The operation is based on the ionization of the detected gas in
the hydrogen flame that is generated inside the FID. It enables to
detect the methane concentrations from very low levels, but
reacts not only to methane, but to other hydrocarbons as well.

Technical Specifications

The sensitivity of a GC-FID machine is around 0.1
ppm#“and a maximum range of about 2000 ppm.

Semiconductor based
detection

In the presence of the detected gas, the semiconductor’s
resistance decreases due to the oxidation, or reduction, of the
gas on the metal oxide surface. The method is not selective, as
some other gases, such as ozone, volatile organic compounds
(VOC), may give false alarms. Because the sensor must comein
contact with the gas to detect it, semiconductor sensors work
over a smaller distance than infrared point or ultrasonic
detectors.

Detection concentration: 200-10.000 ppm
(Natural gas / Methane),

Operating temperature: 14 to 122°F (-10 to
50°C)

Optical gas imaging

OGI infrared cameras are equipped with sensors to detect
hydrocarbons. The equipment may be hand-held or remotely
operated from ground-mounted installations or through mobile
deployment (vehicular & aerial). Hand-held units are a
recommended solution for a broad range of components. The
camerais simplerto use thanks to point and detect function. An
operatorcanscantheleakarea in real time by viewing a live image
of visible gas plumes on a screen. No calibration required, some
cameras not ATEX compliant.

Min. detectable leak rate (methane) - 0,35 g/h

4 GC Analysis of Greenhouse Gases and Optional Headspace Automatic Sample Introduction, Shimadzu - accessed on 19 May 2016.
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Method

Acoustic leak detection

Description

Acoustic leak detectors capture the acoustic signal of pressurized '

gas escaping from a valve plug or gate that is not tightly sealed.
They can detecteither low or high frequency audio signals and
are useful for detecting internal through valve leaks or ultrasonic
signals from blowdown valves and pressure relief valves
(ultrasonic signals at a frequency of 20 - 100 kHz). Most
detectors typically have frequency tuning capabilities which allow
the sensorto be tuned to a specific leak.

The operator can also gain a relative idea of a leak s size as a
louder reading will generally indicate a higher leak rate. For
airborne ultrasonic signals, an ultrasonic leak detectoris pointed
at a possible leak source up to 30 meters away and by listening
for an increase in sound intensity through the headphones.
Ultrasonic leak detectors can also be installed on mounting poles
typically around 2m above the ground around a facility and send
a signal to a control system indicating the onset of a leak.

Technical Specifications

Sensitivity: Detects aleak of 0,1 mm at 3 bars at
20m
Temperaturerange: - 10°Cto + 50°C

Laser leak detection

A popular detectoris the Remote Methane Leak Detector (RMLD),
which uses a tunable diode-infrared laser that is tuned to a
frequency which is specifically absorbed by methane. As the laser
beam from an RMLD device passes through a gas plume (and is
reflected back to the camera) it will detect if methane is present
in the beam path by comparing the strength of the outgoing and
reflected beams. Simple to operate, especially handheld versions,
useful for detecting methane leaks originating from hard-to-reach
sources or throughout difficult terrain. Allows the detection of
methane in the beam path up to a distance of approximately
30m. Specifically tuned to detect methane and does not give a
false reading for other hydrocarbons (No cross-sensitivity) require
a background surface to reflect back laser beam (not applicable
for open fields).

Measurement Range: 1-50k ppm

Combustible gas detection

When gas that is aimed to be detected goes through the catalyst
it is combusted what heats up the catalyst and changes the
resistance, which subsequently enables detecting of the searched
gas. The catalyst poisoning may be an issue decreasing its
reliability.

Measurement Range: 1ppm-100%
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Thermal dispersion

Description
Gas leak rate is estimated based on the size of the cloud

observed from thermograms. The amount of gas released
depends of the upstream pressures and leak sizes.

Electrochemical detection®

Electrochemical detectors use the porous membrane through
which the detected gas goes to the electrode on which it is either
oxidized or reduced, resulting in the change of the electric
current.

Soap Bubble Screening

It is easy, quick and low cost to detect leaks with a soap solution.
Soap bubble screening consists to spray all the junctions with a
mixture of water and soap (or with a specific commercial foaming
product). All the junctions (even the junctions inserted in a coating)
are targeted (the actuator of the valves, flanges, fitting, caps,
insulating joints, ...). It is necessary to stay a short time in front of
each junction to watch the creation of bubble. This technology can
be used for an efficient and fast leak detection and repair
campaign, operational team are familiar with that very well know
historical methodology. Not effective on large openings. Cannot be
used on equipment above the boiling point or below the freezing
point of water.

5 Dosi, Manan & Lau, Irene & Zhuang, Yichen & Simakov, David & W. Fowler, Michael & Pope, Michael. (2019). Ultra -Sensitive Electrochemical Methane Sensors based on Solid Polymer Electrolyte-Infused

Laser-Induced Graphene. ACS Applied Materials & Interfaces.
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Note:

e In some cases, a standard deviation of the emission factor from direct measurements
is not available. In this case, the standard deviation shall be estimated using best
guess assumptions or could be based on publications.

e If the reporting is incomplete, the error introduced by this should be taking into
account in the uncertainty calculations.

e Measurement uncertainty can be quite large and not random.

e All the bullets above could result in a higher total uncertainty.

Otherstatisticalapproaches such as Monte Carlo simulation [ref. (17)] can be used to calculate
the total uncertainty of the emissions.
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Annex D: Fugitive emissions of pipelines: Approachesto
determine leak duration

1.) Leak duration depending on the monitoring period and the maximum repairtime
[ref. (24)]. The time t, is derived from the maximum time between two surveys. For
t, it is assumed that the leak can be repaired immediately or at the end of the allowed
time frame. Assuming the average value of the extremes of the two time periods, ttotl
is calculated as:

t +t t +t
t = 1,max2 2,max= mon2 rep 10-7

2.) Leak duration by verified expert estimations
Assumes aduration of leaks detected by surveyof t = 8.760 hbased on the assumption
that leaks keep growing continuously during their existence and a leak would not exist
longerthan one year without being reported as an incident.
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