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2 THYGA
Executive sumnrg

In the contexbf reaching the objective duropean decarbonisation, these of hydrogen as an energy
vector seems to be one of the ways to decrease Europe dependency on fossil fuels. Hence, the question
of the use and transport of hydrogen is rais&étlyGAaddresses the conversion of the gas distribution
network from natural gs to hydrogerand natural gasblends and investigates théechnical impacts

on residential and commercial gas applian@swell as gas distribution components.

The present work is concerned withe evaluation ofthe tightness of the components located on
domestic and commercial gdises from the gas meter to the end usappliance, in presence of a
mixture 40%kt+60%CHiat 35 mbar. The objective of the test is to be able to conclude on being to be

as close as potse to the service conditorF 2 NJ G Kl &G NBFazy S | NB | O dz

YIENHAYE 060a2 op Yol N AyaidSlk R hexdnpanents WefeRaken fgm | H
installationsbeing used currently iisermany, Denmark, Belgium and Frartke current standard
methods to evaluat@aturalgas distribution tightness propose testing duration of several minites

In this work, the components tightness was first evaluated usingh standard methods before
carrying out tests on longgreriod of time and evaluate the potential influence of time.

The results were comparetb the current admissible leakage ratésr natural gas in thegas
distribution network 1 |.h* according to theNEN 72447 standard[2] and in appliances0.1 I.h?
according tothe EN 301-1:2021 standard[3] for cooking applianceburning gasGenerally, none of
the leakage rates obtained on the short and long term tests were above the admissible |ealegye
of the NEN 7244, and EN 301-1:2021 standards. Hence, once a gas line is properly installed,
following natural gasstandards at low pressures (35 mharcan be expected that it will be tightfor

the gas blend Furthermore, the review andomparison of other projects results addressing tightness
of gas distribution network/components in 100%Hkvas added enabling the formulation of
recommendatiors on testing methods.

THyGA Project - 5/23
THyGA Project 2022 i all rights reserved

Ay



& THYGA £ 2 pthp

- * o X

List of dbreviations

NG Natural gas

H.NG | Hydrogen/ Natural Gas blend

He Helium

THyGA Project - 6/23
THyGA Project 2022 i all rights reserved




& THyYGA

Table of contents

i Partnership

ACKNOWIEAGEIMENTS. ... e e e e e e r e e e e e s e nnrneeeee e 4
EXECULIVE SUMMIANY.....ccci it it i i ii it e e ettt e e e e ee e e e e e eeeeeeeaaaaaaaaaaaaaaaaeesssassaasaassassnnnsnnennne 5
LiSt Of @DDrEVIATIONS. .....eeiiii i e e e e e e e e e e 6
BIF= Lo [0 ) o] o1 (=] o 1= 7
S 1 11 0T [ [ 1o o P 8
2 BACKGIOUN. ...ttt e e e e e e e e e e e s e e e e e e e e e s e e e e e e e e reeaee s 8
3 Experimental MEthOAS. . ........uuiiiiiiiiiieeeeeeee e 9
3.1 Description Of the lINES......coooiiiie e e e e e e e e e e e e 9
3.2  Measurement of the liN@S VOIUME..........ooiiii e 11
3.3 Measurement of the [INeS tIghtNESS.........coiuiiiiii e 12
A RESUIS ..ttt e e et e e e e e e re e e e e e a e e e e e e e e nnnrre s 13
R N 1= [ U 4P 13
| 0] O (=T 0 0 =] €= PR 13
4.3 LONGEEIM LSS it e e e e e e e e e e e e e e e e 15
LGS D 1 Tox 1] T o PRSP SESRRRR 18
LI O] o T 11 ] o] o PP TPPPUPRRN 19
7 LISt OF HIUSTFAIONS.....eiiieiiiiiiiiiie ettt e e e e e e e s s s bbb e e e e e e s s nnnreeeaeas 19
S T I o ) = o] PP 19
LS T = (=T €= o SRS RURT 19
10 ANNEXE L.ttt e e e ettt et e e e e e e e e ee b e e e e aaaaennes 21

THyGA Project - 7/23
THyGA Project 2022 i all rights reserved



Z THyGA :

1 Introduction

In the contexbf reaching the objective duropean decarbonisatiothe use of hydrogen as an energy
vector seemso be ae of the ways to decreadeuropedependency on fossil fueHence, the question

of the use and transport of hydrogen is rais&@tlyGA addresses the conversion of the gas distribution
network from natural gas to hydrogeand hydrogen gablends andinvestgates thetechnical impacts
on residential and commercial gas appliances as well as gas distribution components.

The present work is concerned withe evaluation ofthe tightness of the components located on

domestic and commercial gdises from thegas meter to the end useappliance, in presence of a

mixture 40%kt+60%CHat 35 mbar. The objective of the test is to be able to conclude on being to be

as close as possible to the service conditidh2 NJ G Kl & NXF a2y S | NB | Ol dz
YIENHAYE 06a2 op Yol N AyaidS|k R hexdnpanents WefeRakenfem | H A Y
installationsbeing used currently isermany, Denmark, Belgium and Frante those,brand new

appliance components wer@soprovided by Electrolux, Italy.

The current standard methods to evaluate gas distribution tightness propose testing duration of
several minutegl]. In this work, the components tightness was first evaluated usiege standard
methods before carrying out tests on longer perioidtime and evaluate the potential influence of
time.

2 Background

In order toestimate the differences of leakage rates betwerathaneand hydrogenflow theorycan

be usedln the case of continuum floviour regimesescribe how a gas can escape from a presdiirise
pipe. From high to low pressures theye: shocked flow, subsonic flow, turbulent flow and laminar
flow regimes[4], [5]. Themain factorsinducing one flow regime or another are the following: the
pressure in the pipe, the gas propertigensity, viscosity)eakage characteristic (geometryze,crack
lengthX 0 Harwoord et al[4] as well as Roberts et db] in the projectsH21 and Hy4Heahave
respectivelydetermined the ratios of flow rate of hydrogen compared to the flow rate of methane for
the different regimes, using equation analysis of the flow throagtole. It appears that, when the
flow isturbulent (shoked, subenic and turbulentegimes the ratioset betweer2.9and2.8. In laminar
conditions however, this ratio is redug¢o 1.2. As the gas flow iggular andsmooth, essentially &
low pressursg, the difference between leage ratesn methane and hydrogen decreases.

Using various approaels, national and European projects have investigated the issue of potentially
higher hydrogen leakage rates compare to current admissible methane leakage rates on the gas
distribution networls [4], [6]¢[8]. A Ukrainian consortiuntineld by Ivane-rankivsk National Technical
University of Oil and Gas and Naftogazbudinformatyka Ltdadllaborationwith RGQRegional Gas
Company, built five entire gas network modelan five different RGC sitesdtested themin outdoor
conditions. Inthe Dutch projectHyDelta, KIWArechnologyhave investigated the tightness o
coupling typegPEsteel damp-screw couplig, sealing ring between saddle dmain pipe gas meter
inlet valvg in which they creatd controlled leaks and compared the leakage ratésnethane and
hydrogen The UK projedt21,tested both commercial burners and gas distribution gaimh NG and
100%H. Despite discrepancy in the testimgethodologies evaluating an entire gas network or one
coupling after the other; carrying on tests in a lab or outdoor; short or long tests duratiaim
common finding®n thesedifferent studiescan be drawn

- If no leals weredetected in Ck| no leals weredetected in H.
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THyGA Project 2022 i all rights reserved



i Partnership

2 THYGA

- At low pressuresg fewmbar):
o thetemperature has a large influence on the pressevelution;
o leakage rates in+ind CHwere closeo each other
- Generally, tests at low pressura few mbar) lead to inaccurate results and difficulty to
differentiate between the presence of lesdr the influence of the temperature

Inthe current work the objective of theleakageestswas to evaluateéhe tightness of gas distribution
components to a galdend composed 0#0%H + 60%CHhand its potential evolution on a long time
periods {.e., weeks) For this purposegollected components were joined together to buill@ lines
that weretested under short testéirst (i.e., 10 minutes)n He, Air and:NGblendfollowing standard
proceduresandthenlong term testavere then carriedi.e., weeks)with H-NGblend.

The results wereompared to the current admissible leakage ratdghe gas distribution network
within buildings The investigatedomponentsncludedpartsof the gas distribution networklong the
gas pipeline in the domestic household up to #@ggpliances, including gas meter, valves, different
materials components as well as burnets Europe, the admissible NG leakage saie the gas
distribution varies from a country to anothefhe appliances follow more conservatieakagerates

[9]. Hence, two references were chosedEN 72447 standard[2] for gas distributioni I.h! at the
maximumoperating pressurgandthe EN 301-1:2021 standard3] dedicated togas fire heat boiler:
0.1l.h1at a testing pressure of 50 mbarfboilers which do not use third family gas and 150 mbar for
boilers whichdo use third family gas

3 Experimental methods
3.1 Description of thdines

Thelines tested were composed of gas grid components extraftedn from real installationgjom

the European distribution network. They were provided by THYGA partD&€: (Denmark), ENGIE
(France), GWI (Germany) and DVGW(EBrmany)A description of the components provided by DGC
(D1 to D26) is given in AnnexThe components were assembled togethesing fittingsto make ten
lines, Tablel. In order to test the entire lengths of thénes the valves were tested in their open
position.

Tablel : Composition of the tetines, the components D1 to D26 belongs to DGC and are descriBadéxe 1.

Line
Components
number

1 Electroluxappliancegart

2 D6, D23 (DGC)

3 Gas meter, D5 (DGC), gas valve connected to Cu tubing, yellow valve (ENG
4 Flexible inox and Cu tubing, green valve (GWI and DVGW.EBI), D15, D22 (I
5 D7, D21 (DGC), gas meter (GWI BMGW.EBI), brass tube (GWI and DVGW.
6 Gas meter + yellow tubing + Cu tubing + green valve (GWI and DVG

D24 (DGC)

7 D14, D25 (DGC), yellow valve and Cu tube.

8 D9, D10, D19 (DGC)

9 D26, D13 (DGC)

10 D11, D17, D18 (DGC)
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Figurel: Images of the 10nes tested.

3.2 Measurement of thdines volume

In order to determine the leakage flow in thiees, it was necessary taeasuretheir innergas volume.
This was carried out using a capacity with a known volurgeX\28 I). The gas pressure in the capacity
and thelines were monitored. The capacity was connected to lihe by a manual gas valve. The
capacity was filled with air above thestepressure; once the pressure is stabilised, the valve between
the capacity and thdine was opened, enabling thine to be filled with the gas contained in the
capacity. Knowing the equilibrium pressure, it was possible to calculate the volume lofdhesing

the equation of the perfect gas, as described-igure2 (assuming there is no major leak$¥pable2
gives the terminology for the symbols used in the calculation.

losed manual valve
Line: l|3 \/I

P,V s -
C C

Capacity:

06 mMw
Y

=K

Open manual valve
Line: E:

)
<

2

Figure2 : Scheme presenting tlset up used to estimate the volume of the gas lines.
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Table2 : Nomenclature used in the equations used to determine the volume of the lines.

P. | Pressure in the capacity

R | Pressure in théine

Vc | Volume of the capacity

Vi | Volume of thdine

n. | Number of molsof gas in the capacity at t=0

n | Number of molsof gas in thdine at t=0

Nwe | Number of molsof gas in the system (capacityire) at t=0
R | Gas constant

T | Temperature

3.3 Measurement of thdines tightness

Thelines tightnessvasevaluated through lockoff tests: measure of theressuredecaywith an initial
pressure(Pni) of 35 mbar. For small flowsthis type of tests is preferred to the measurement of the
flow necessary to maintain a constant pressurangs flow meter, as the flow can be too small to be
controlled. The initial pressure was chosen to bectsseas possibléo the service conditionsShort
andlongterm tests were carried on this way. The shtatm testswere performed in air, in He and in
H:NGblend, assimilated ag0% H + 60% Cl and the longerm test in the Hb-NGblend.It is welt
known that the temrature hasa large influence on the gas pressure, hence, the temperature of the
lines wasrecordedduring all the tess usingthermocouplefixed on the external wall of thines.

The short tests were carried out according to tdE DTU 61Ystandard Thismethod consist®f the

stabilisation of the pressure in the set up for 15 min followed by a reobtte pressure for 10 min.

Tests were repeated on tHimes L1, L2 and L3 to evaluate the repeatability oftdsingmethod.The

results obtained were used to determitee prS & 8 dzZNS RNR LIJE AYRSLISYRSYy (G 2 7F

andthe leakage flow in théines ¢ ea), USing the perfecasequation
Y0 Y0 Y0 Equationl

2 X (i B, tipe total pressure dropeasurednPrthe pressure evolution induced by the temperature

andnPeak, the pressure loss due to theesence of a potentidéak.

Y0 0 0 - [bar] Equation2

With Py the initial pressureneasuredn the pipe, i the pressuraneasured in the pipat the end of
the test

6 [ms] Equation3
With, P, the atmospheric pressuri@ Paat T= 0°G R the gas constagt314 J.K.mol* and

q i i o [mole] Equatiord
With \, the volume of the gas line
UsingEquationd, the flow rate is calculated following the equation:

3 NI h'l] Equation5

1 Unified Technical Document used bgtallers in France
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Thelongterm tests consist of 15 min of pressure stabilization in lihes, followed by measurement

of the pressure decay for at least 10 days or up until there was no pressurelingh@anymoreOnce

the measurementsvere achieved, the leakage rates were compared to the standard admissible
leakage rates

4 Results

4.1 Lines volume

The results of théines volumes are given ihable3. Most of thelines volumes arénferior to onelitre,
apart from thelines 3, 5 and 6which included gas meterAll the tests were carried out at a capacity
pressure close to 35 mbar aparbin thelines with a gas meter, which requiredgher pressure due
to their larger volumes.

Table3 : Measurementsand resulting estimated volume for all the testates. The test were performed in air.

Line number Linedescription Peapa(t=0) Pligne(t=0);  P(t=1) | estim. Vine
bar bar bar litre
1 Electrolux componentg 1,034 0,987 1,028 0,18
2 Cu tube large @ 1,034 0,987 1,012 1,15
3 With gas meter 1,275 0,991 1,070 3,32
4 With inox flexible 1,044 0,987 1,029 0,46
5 With gas meter 1,367 0,989 1,029 10,58
6 With gas meter 1,334 0,991 1,038 8,24
7 Cu tube 1,036 0,986 1,029 0,22
8 DGC components 1,028 0,989 1,014 0,74
9 DGC components 1,038 0,987 1,027 0,35
10 DGC components 1,026 0,987 1,016 0,42

4.2 Short termtests

First of allthe repeatabilityof the short tests was evaluatash thelines 1 and2, in He and AirAir is

the gas used in service for the tightness testing and He is the harmless gas with the closest
characteristics to Hlow density).For this purpose, 3 consecutive short tests were performed on each
line, with a purge of thdine in between.The resultsTable4 and Table6, show that the leakage flow
rateswere very small (<< 0lh?), furthermore no distinction between the leakage rates of He and Air
wasobserved Finally, thdeakage rates obtainedrdine 1 were not repeatablavhile the ones on the

line 2 showed regularresults. This might be due to the very low volume of gdgefl comparedto

line 2 which could induce non accurate resudis well as to the very low flow rates measured

The results of the short tests are givenTiable7, Table8 and Table9. All the flow rates obtainedh
He, Air andyasblend are well below the 0.1lh* admissible flow rates of the NF DTU 61.1 PafiB
addressing the case of applizes. The results also show somegative leakage ratesAs the
calculation were made for the pressure drop to independent of the temperatureEguationl to
Equation5), these were not physically explained.

THyGA Project - 13/23
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Table4 : Results othe short tests repeatability testine 1 (V=0.179 I)
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nt z
corrected
with the Nieak Leakage flow
P1 P2 T1 T2 temperature
Line 1 bar bar °C °C mbar mole,x 106 NILh1, x 104
1,029 1,028 21,20 21,12 0,634 4,64 6,24
He 1,035 1,034 21,16 21,36 1,902 13,93 18,72
1,031 1,030 21,27 21,38 1,277 9,35 12,57
1,032 1,030 21,02 20,76 0,645 4,73 6,36
Air 1,029 1,029 20,70 20,66 0,720 5,28 7,10
1,030 1,029 21,00 21,13 1,358 9,95 13,38
Table5 : Results of the short testepeatability testsline 2 (Y=1.150 [)
ntzx
corrected
P1 P2 T1 T2 with the Nieak Leakage flow
temperature
Line 2 bar bar °C °C mbar mole,x 108 NLh, x 104
1,029 1,029 21,40 21,39 0,423 19,85 26,68
He 1,029 1,029 21,35 21,35 0,157 7,38 9,91
1,034 1,034 21,35 21,35 0,181 8,48 11,40
1,033 1,032 20,68 20,71 0,318 25,55 34,34
Air 1,033 1,033 20,71 20,64 0,362 -3,84 -5,16
1,031 1,031 20,79 20,73 0,231 -9,94 -13,36
Table6 : Results of the short tests in He for thé lines.
i Line P1 P2 T1 T2 ntao Leakage flow
Line volume mbar leak g
number
| bar bar °C °C mbar mole,x 106 | NI.h?, x 164
0,18 1,029 1,028 21,20 21,12 0,63 4,64 6,24
2 1,15 1,029 1,029 21,40 21,39 0,42 19,85 26,68
3
3,32 1,040 1,040 21,42 21,39 -0,56 -76,38 -102,65
0,46| 1,03469 1,03516 20,76 20,68 -0,75 -14,12 -18,98
10,58 1,032 1,032 21,58 21,49 -0,30 -130,37 -175,21
6
8,24 1,032 1,032 21,45 21,56 0,39 132,11 177,56
7
0,22 1,031 1,031 21,23 21,23 0,30 2,74 3,69
0,74 1,032 1,032 20,77 20,87 0,29 8,96 12,04
0,35 1,031 1,031 20,17 20,26 0,40 5,87 7,90
10 0,42 1,029 1,029 21,30 21,40 0,48 8,24 11,07

THyGA Project - 14/23
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Table7 : Results of the short tests iAir for the 10 lines.

. Line volume P1 P2 T1 T2 ntz Yy Nieak Leakage flow
Line number
I bar bar °C °C mbar mole,x 108 NI.h1, x 104
0,18| 1,032| 1,030| 21,02 20,76 0,62 4,51 6,06
1,15/ 1,033| 1,032 20,71 20,68 0,32 14,95 20,10
3
3,32| 1,035/ 1,035 21,43] 21,42 -0,06 -8,70 -11,69
4 0,46| 1,038/ 1,039| 20,25/ 20,48 0,10 1,90 2,55
5 10,58/ 1,035 1,035| 21,48 21,47 -0,20 -86,29 -115,97
6
8,24| 1,035| 1,034 21,42| 21,37 -0,10 -32,84 -44,14
7
0,22| 1,032| 1,032| 21,35 21,35 -0,14 -1,29 -1,73
0,74| 1,032| 1,032| 20,38/ 20,69 0,92 28,00 37,63
0,35/ 1,031 1,031| 20,17| 20,26 0,40 5,87 7,90
10 0,42| 1,033| 1,033| 21,50/ 21,51 -0,07 -1,25 -1,68

Table8 : Results of the short testgas blend (60% GH 40% k) for the 10lines.

Line volume > Y n Leakage flow
Line number PL P2 |T1 T2 nt eak g
| bar bar °C °C mbar mole,x 106 NI, x 104
0,18| - - - - - - -
1,15 - - - - - - -
3
3,32| 1,032 1,032 21,32 21,32 -0,05 7,34 -9,86
0,46| 1,033| 1,033 21,00 20,96 0,45 -8,44 -11,34
10,58/ 1,033| 1,033| 21,43| 21,45 0,04 -17,90 24,05
6
8,24| 1,033| 1,033] 21,51| 21,59 0,25 82,96 111,50
7
0,22| 1,033| 1,033| 21,44| 21,57 0,35 3,16 4,24
0,74| 1,034| 1,033 21,05 21,01 0,06 1,93 2,59
0,35/ 1,030 1,030 21,22| 21,11 0,19 2,83 -3,80
10 0,42| 1,030 1,030 21,35 21,48 0,48 8,36 11,24

4.3 Longterm tess

Figure3 presents thelongterm tests results fodine 1 to 10. The graphs present the pressure and
temperature evolution according to the time. For all the Bnhe pressurdends to varyaccording to
the temperature. Ines 1, 2, 3, 6, 8 and 9 present a pressure daop reachedthe atmospheric
pressure P, after about 52, 90, 70, 250, 100 and 70 hours respectivahgsl4, 5, 7 and 10 present a
pressure evolution very close to tlewolutionof the temperatures

It is possible to estimattine pressure evolutiosonsidering only the effect of the temperature without
leakage For thismodel,the following assumption are ade:

THyGA Project - 15/23
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- The gas blend is considered as a unique gas;

- The gas blend follosthe equation of the perfect gases;

- The quantity of gas in thine is conservedi.e. no leak)
Hence, the pressure evolution of the pressure is given by the following equation:

o

Partnership

Equation6

Theevolution of the initial pressure ) induced by the temperatureonly was calculatecand added

on Figure3 (yellow curves).

Forline 3 and line 6the gap between the calculated pressure and the measured pressure insrease
with time, confirming the presence of a leakhe calculated pressure evdion of line 4 presentsa
growing gap with the measurgaressurewhich, if the assumptions were correctighlighted a small
leak. On the graphs for the linekne 5, 7 and10 however, no growing gap appears between the

calculated and the measured pressufdose lines are tight to the gas blend.

A summary of the longerm testsisgiven inTable9. The results show that the leakage rates recorded
are well below the current admissible leakage ratésgative leakage rates were also observed on the
long-term tests. They could be explaiheby the uncertaintiesin the measurements and the

assumptions made on the flow calculations (perfect gas equation, ...).
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Figure3: Results of the lonterm tests. On each graph, the measured temperature and presgpear and for the graphs
c), d) f) and j) corresponding to thires 3, 4, 6, 10 respectively, the evolution of the pressure according to the temperature
was added.
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Table9 : Long term tests results on the i@es tested in gablend 40% H + 80% Ch)

cor{]e(t:ted Duration Leakage

Line | Volume P1 P2 T1 T2 with the of the rate

number temperature test

I bar bar °C °C bar h I.h-1
L1 0,179 1,0260 0,999 21,447 21,702 0,028 30 1,66E04
L2 1,15 1,0342 | 1,00715 21,49 21,795 0,028 80 4,03E04
L3 3,324 | 1,0358 1,0247 22,92 23,22 0,012 284 1,41E04
L4 0,461 1,0358 1,0247 22,92 23,22 0,012 69 8,06E05
L5 10,576 | 1,0335 | 1,03265 23,561 23,774 0,002 70 2,37E04
L6 8,237 1,0349 | 1,02205 21,984 22,816 0,016 251 5,14E04
L7 0,221 1,0372 | 1,03585 22,54 22,231 0,000 200 2,94E07
L8 0,744 | 1,0360 | 1,00105 22,443 22,108 0,034 80 3,14E04
L9 0,355 1,0355 1,0072 22,4 22,324 0,028 70 1,42E04
L10 0,422 1,0355 1,0357 22,078 22,058 0,000 71 -1,61E06

5 Discussion

The presented results are in agreement with the main conclusions of other projects on gas distribution
network tightness[8] [4] [3]. The strong influence of the temperature on the pressure evolution was
observed. Br furtherinvestigations, specific apparatus measuring the temperature inside thdinepe

to minimise the influence with ambient and weather conditions is recommended. Furthermore, the
test should be carried out inlab fitted with awell-controlled temperature.

The difficulty to obtain accurate results at low pressures was another conclusion fronktaimieh
consortium [7] and HyDelta projec{8]. Indeed, in HyDelta the final leakage rate ratio between
methane and hydrogen were extracted without taking into account the data generated at low
pressure.

Generally, none of the leakage rates obtainaal the short and longterm testswere above the
admissible leakage of the NEN 72A44and EN155021:2021 standard. Hence, once a gafe is
properly installed, following NG standards, at low pressures (35 mbar) it can be expected that it will be
tight in the gas bled.

On thelongterm tests no futher increase of leakage rates were observed. HencetHese test
durations, nodeterioration of the joints and couplingas induced by the gas blendurthermore, &
theselow pressurs, the potential permeation of gas through the materainbe negleted.

However, the consequences of a leakage oivil not have the same consequences of a leakage with
CH or natural gas. A hydrogen leak will not necessarily be worse than a natural gas leak, as the ignition
properties are depending on the dilutionteaof the gas in the air and therefore consequences will also
depend very much of the configuration of the room where there is a leakage (geometry, size,
ventilation rate etc.).

Our conclusions are important for the authorities & organisations that wileta revise regulations

and standard on leakages in light of our test results, but also in light of a risk assessmentleattsH
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6 Conclusion

The present work evaluates the tightness of gas distribution components in the gas blend composed
of (40% H+ 60% Ch) through long and shortterm testing at a pressuref 35 mbar. The results,
supported by other works, highlighted the strong influence of the temperatui the difficulty to
obtainaccurate results at low pressures.

From the results it can beoncluded that in the tested conditions, and with gas lines properly installed,
the leakage rates will be below the current admissible standard rates both for gas line and appliances
as well. At those low pressures, no differences between leakage ratas,inleandin the H-NGblend

was observedFurthermore,for the lines able to hold the pressure for longer, after about 200 hours

of test, no deterioration of the components loss of tightness was observed.
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