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AGH w Krakowie

Leak consequences and risk assessment of pipelines transporting 
hydrogen-natural gas blends. A case study 
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The discharge and dispersion from a buried DN200 pipeline carrying 
MeH, a MeH-H2 blend, or H2 were assessed. Time-dependent releases 
through 10-, 30- and 50-mm breaches were simulated in DNV Phast 

wind. Hazard metrics were distances to the lower explosive limit (LEL) 
and to 0.5 LEL. Discharge for MeH and the 10% H2 blend were similar, 
while H2 depressurized was fastest. For a 50 mm breach, initial mass 
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2). Thus, a 10% H2 -
mable footprint under the tested conditions, though H2 -
bility range and low ignition energy raise ignition likelihood near the 
source. The pipelines transporting natural gas with 10% H2 can achieve 
risk levels comparable to MeH when rapid isolation, reliable leak detec-
tion (including H2 sensing), ventilation, and materials monitoring were 
applied.
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The urgent need for energy transformation of national 
economy has spurred interest in blending hydrogen into 
natural gas networks. Hydrogen produced from renew-
able sources can be injected into natural gas pipelines 
for transportation and storage of intermittent renewable 
energy in the gas grid. This strategy is backed by indus-
trial initiatives and EU policy. For example, the EU Fuel 
Cells and Hydrogen Joint Undertaking (FCH JU) has 
emphasized injecting renewable hydrogen into gas net-
works as a key to integrating renewable energy. Blending 
up to about 20% hydrogen by volume into natural gas has 
been demonstrated as feasible in several trials (i.e. the 
UK HyDeploy project), with no adverse effects on end-use 
appliances. However, introducing hydrogen into pipelines 

-
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Pilna potrzeba transformacji energetycznej gospodarki 
-

niem wodoru do sieci gazu ziemnego. Wodór wytwarzany 
-
-

nej energii odnawialnej w sieci gazowej. Ta strategia jest 
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sieci gazu ziemnego jako kluczowego elementu integracji 

-

. Zamiast tego limit 
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also poses safety challenges that has to be rigorously 
assessed.

Worldwide and European gas industries are actively 
evaluating “hydrogen-ready” infrastructure. Many coun-
tries set voluntary limits (5–20% H

2
 by vol.) pending further 

data. In the EU, there is currently no single legal limit on 
hydrogen content in gas, and in Poland no explicit regula-
tions yet specify allowable H

2
 blend levels. Instead, the 

limit is indirectly imposed by gas quality requirements 
(e.g. calorific value and Wobbe index). The maximum 
content 15–20% H

2
 meets still the standard natural gas 

specifications. Addition of hydrogen can affect pipeline 
materials and devices but also observed potential bene-
fits like reduced pressure drop over distance1–3). Recent 
pilot projects in Poland are improving readiness: in 2024 
a 7 km distribution pipeline (Jelenia Góra–Piechowice), 
which was certified for up to 20% hydrogen, marking the 
first hydrogen-ready pipeline in the country4). This demon-
strates growing industrial confidence. Yet full deployment 
will require addressing the safety risks in detail.

Hydrogen admixture must also be addressed within 
existing safety regulations. In the EU, blended gas pipe-
lines still fall under the Seveso III Directive for control of 
major-accident hazards, implemented in Poland via the 
Environmental Protection Law5, 6). Hydrogen processing 
facilities are classified according to quantitative thresh-
olds relating to the maximum amount of hydrogen that 
can be present in the facility at one time (in installations 

2

H
2
 – a “high risk” facility. These regulations necessitate 

risk analyses, emergency plans, and community safety 
measures if hydrogen blending substantially increases 
the inventory of hydrogen in gas networks. At present, 
detailed technical standards specific to hydrogen blending 
in existing natural gas pipelines are limited. Polish law 
does not yet provide hydrogen-specific pipeline design 
rules, and industry is guided by general standards and best 
practices. Some relevant standards give design and opera-
tion guidelines to minimize fire and explosion hazards7, 8). 
Additionally, industrial groups have issued supplements 
for hydrogen to classify hazardous areas in gas instal-
lations with H

2
9, 10). These norms, while not specific to 

pipeline transport of blended gas, provide a framework 
for risk assessment. The study contributes to this context 
by modeling a representative pipeline release scenario to 
evaluate the dispersion and explosion risk of methane-
-hydrogen mixtures, thereby informing safety feasibility 
under realistic conditions.

Flammability and explosivity 
Transporting hydrogen-blended natural gas through 

existing pipelines presents several safety and risk challeng-
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es due to the unique properties of hydrogen. Hydrogen’s 
higher flammability and explosivity compared to natural 
gas increase the risk of accidents. The radiation intensity 
and explosion overpressure are influenced by the hydrogen 
blending ratio, with higher ratios leading to increased 
risks11–13). In windy environments, hydrogen-blended natu-
ral gas tends to accumulate near the ground, increasing 
explosion risks13). Hydrogen has different physical and 
chemical properties from natural gas, such as a smaller 
size and lower density, which require higher operating 
pressures to deliver the same amount of energy as natural 
gas. Additionally, hydrogen’s small molecular size and 
lower ignition energy make it more likely to permeate 
through pipeline materials and seals, leading to degrada-
tion, and its wider flammability limits make it a safety 
hazard when leaks occur14, 15). Hydrogen has a much wider 
flammable range and ignites more easily than methane 
(Table). It also burns faster, which can produce stronger 
pressure waves if ignited.

Leakage and rupture 
Hydrogen embrittlement, corrosion, and construction 

flaws can lead to pipeline leakage or rupture, posing sig-
nificant threats to safety and the environment16–18). The leak-
age flow characteristics change with hydrogen blending, 
with higher hydrogen ratios leading to lower mass leakage 
velocity but potentially more hazardous conditions due to 
increased hydrogen concentration16, 19, 20). The dominant 
effects associated with leakage of any flammable gas from 
pipelines are thermal radiation by a sustained fire and 
overpressure by a gas cloud explosion. In general, the fire 
hazard following the explosion has a slightly greater effect. 
Risk assessments have shown that the hazard distance for 
hydrogen gas pipelines is about 15% less than that for 
natural gas, while there is some limitation in energy trans-
mission capacity comparing to natural gas15).

Material degradation 
Hydrogen presence in the natural gas can result in embrit-

tlement and fatigue damage in pipeline materials, compro-
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Property

Lower explosive limit (LEL), % vol. in air/

Upper explosive limit (UEL), % vol. in air/

Minimum ignition energy -

Flame propagation speed -
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mising their integrity. This is particularly concerning for 
high-strength steels and welds21, 22). The compatibility of 
pipeline materials with hydrogen needs thorough evaluation 
to prevent degradation and ensure safe operation18, 21, 22). 
Converting natural gas pipelines to transport pure hydro-
gen or blends with natural gas increases the risk of hydro-
gen embrittlement and poses potential integrity issues 
such as cracking to the pipelines. The use of inhibitors 
such as oxygen, carbon monoxide, and others can inhibit 
a material’s absorption of atomic hydrogen and have been 
proposed to reduce the risk of hydrogen embrittlement. 
However, there may be unintended consequences if the 
impact of these inhibitors on internal corrosion is not 
carefully evaluated23).

Studies 

A time-dependent accidental release of gas from its 
transport conditions is considered from a DN200 steel 
transmission gas pipeline of length L

p
 500 m buried 1.5 m 

underground (typical cover for distribution pipelines). 
Transport conditions at the moment of failure are specified 
by pressure P, gas temperature T

g

2000 kg/h). A release was specified at L
b
 100 m for top of 

the pipeline, with 3 circular orifice diameters (breaches 
with diameter d

b1
 10 mm, d

b2
 20 mm and d

b3
 10 mm). The 

breach is considered to divide the pipeline into two inde-
pendent sections: an upstream section A, and a down-
stream section B. The schematic diagram of the considered 
pipeline was presented on Fig. 1. The model performed 
discharge calculations for each section separately and 

-

ograniczona w porównaniu z gazem ziemnym .

-

-
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ziemnego w celu transportu czystego wodoru lub mieszanek 
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combined the results to give the total mass released as 
a function of time.

Automatic isolation enclosed one valve 75 m from the 
inlet and another 75 m from the outlet; both reached the 
closed position within t 30 s of release initiation. Gas 
compositions considered were: 100% methane (baseline), 
methane with 10% hydrogen by volume (7–8% by mass), 
and 100% hydrogen. Meteorology for dispersion is fixed 
across all cases: neutral stability (Pasquill-Gifford class 
D), steady wind U 1.5 m/s referenced at H 2 m height, 
ambient T

a

The study targeted intrinsic hazard distances, downwind 
ranges to the lower explosive limit (LEL) and to 50% LEL, 
under a single consistent operating and environmental 
setup.

Modelling 
Transient gas release and dispersion were simulated with 

DNV Phast24). The pipeline was represented as 2 control 
volumes created by the breach (upstream and downstream), 
with time-dependent valve boundary conditions to simulate 
isolation. Unsteady outflow equations computed internal 
pressure decay, thermodynamic state, and leak rate for each 
control volume; the combined outflow yields the total mass-
-release history. The formulation accommodated an initial 
choked jet (when critical conditions are met) transitioning 
to subsonic flow as pressure depletes, with composition-
-dependent thermodynamical properties updating density, 
speed of sound, and jet momentum. Atmospheric transport 
is modelled using a steady Gaussian plume with ground 
reflection and an effective release height H.

For steady release rate Q, kg/s, constant wind U, flat 
terrain, reflection at the ground z = 0 and an effective 
release height H, the classic Gaussian plume was used to 
predict downwind concentration of flammable gas over time 
according to equation (1):

with lateral and vertical dispersion parameters  and  taken 
from the Pasquill-Gifford stability class D curves (neutral 
conditions). Ground-level concentrations along the plume 
centerline follow equation (2):

   
             

(2)

Study focused on the gas concentration footprint at 
ground level, specifically the distance at which the gas 
concentration falls to the lower explosive limit (LEL) and 
to 50% of LEL (a common safety margin threshold). The 
distances indicated the hazard zone: anywhere the gas 
exceeded 100% LEL was flammable and at risk of ignition, 
and even 50% of LEL was often used as a precautionary 
evacuation or monitoring boundary in safety practice. 

The pipeline and environmental parameters were kept 
the same across the studied samples: (i) methane, (ii) 90% 
methane + 10% hydrogen, and (iii) 100% hydrogen, so that 
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differences in outcomes could be attributed to hydrogen’s 
influence. Each simulation was run until the release was 
fully dispersed or concentrations dropped below flammable 
levels.

Results

There were several stages in the release from each sec-
tion. At the beginning, a disturbance front propagated from 
the breach towards the end of the pipe section. In the down-
stream section, the flow then started to reverse, and the flow 
reversal zone (or pressure peak) spreaded from the breach 
towards the downstream end of the pipe. Finally, there was 
further depressurization in each section, until the pipe is 
fully depressurized.

At the breach initially choked flow occurred and 
expansion to atmospheric pressure took place immedi-
ately outside the orifice (breach). The post-expansion 
discharge data for section A and B were combined into 
single equivalent pipe discharge data, which were then 
analyzed to obtain one or more representative average 
release segments. The simulated leak (release) scenarios 
showed a rapid, transient outflow of gas immediately after 
a pipeline breach, followed by the valves close in 30 s from 
leak detection (Fig. 2).

The curves illustrated pressure decay in the upstream 
segment (Section A) and downstream segment (Section B) 
over time. The values were given for the upstream section 
A and the downstream section B. All scenarios a), b) and c) 
showed a sharp pressure drop once the pipeline was isolated 
at 30 s. The pure hydrogen case depressurized the fastest. Its 
pressure curve falls steeply, whereas methane maintained 
higher pressure for longer. Adding 10% H

2
 had an insignifi-

cant effect on the pressure decay profile compared to pure 
CH

4
. By the time of automatic valve closure (30 s), the H

2

pipeline pressure was already near atmospheric, while the 
CH

4
 case still retained a substantial portion of its pressure 

that dissipated more slowly.
The presence of hydrogen (10% admixture) had an incon-

siderable effect on the discharge rate and duration. Owing 
to hydrogen’s lower molecular mass, the speed of sound in 
the gas mixture is higher, which leads to a higher initial 
outflow velocity through a choked breach. However, hydro-
gen’s low density means the mass flow rate (kg/s) could 
be lower for hydrogen-rich gas at the same pressure, even 
if volumetric flow was higher. The 100% H

2
 case showed 

the fastest depressurization comparing to other discussed 
scenarios. Overall, the duration of significant release was 
shorter for hydrogen-containing scenarios. This aligns with 
the expectation that hydrogen’s high diffusivity and flow 
velocity tended to empty a breached pipeline faster. Adding 
hydrogen could reduce the total mass released in some 
failure modes because of the altered thermodynamic and 
flow characteristics11).
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The mass flow rate in the orifice (breach) as a func-
tion of time was shown on Fig. 3. The values were given 
jointly for the upstream section A and the downstream 
section B of the pipeline. The initial release mass flow 
rates were also compared for a 10-, 30- and 50-mm 
breach. The methane (solid line) had the highest mass 
flow initially and maintained a higher flow for longer. 
The 10% H

2
 blend (dashed line) is only slightly lower. 

Hydrogen (dotted line) had a much lower mass flow rate 
and dropped off rapidly as the pipe empties. For 10 mm 
breach, the H

2
 mass flow essentially ceased by 30 s, 

whereas CH
4
 flowed until ~55 s.

For considered initial parameters and 50 mm breach on 
pipeline, the pure methane leak started at about 3 kg/s and 
then declined with pressure fall. The 10% H

2
 blend started 
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slightly lower, 2.9 kg/s, owing to its lower gas density. Pure 
hydrogen’s initial mass flow was 1 kg/s, and the duration of 
outflow was substantially shorter for hydrogen. For smaller 
leaks, this trend continued: a 10 mm breach leak of CH

4

might last around 20 min to fully vent the segment (since 
its flow was only ~0.12 kg/s initially), whereas the same 
10 mm breach on a hydrogen pipeline would vent in under 
7 min due to higher flow velocity. Shorter leak duration 
mean a shorter-lived hazard, but the initial H

2
 leak rates 

(in volume terms) were more intense, and any immediate 
cloud formed faster.

The dispersion results revealed how far from the leak the 
gas mixture remained flammable (i.e. above LEL) under 
the given atmospheric conditions. In a low wind (1.5 m/s), 
the cloud from a large leak could travel downwind tens of 
meters before diluting below the flammability limit. The 
maximum downwind distances to 100% LEL were compiled 
for each scenario, as estimated by the model (Fig. 4). The 
distances corresponded to the furthest point where the gas 
concentration equaled the LEL (~5% vol. for CH

4
, 4% for 

H
2
). Beyond that distance, the mixture with air was to lean 

to ignite.
Results showed that for the 50 mm breach of pure 

methane, the LEL concentration extended roughly 2 m 
downwind. For the 10% H

2
 blend, the LEL distance was 

slightly longer (~2.2 m). In the pure hydrogen case, the 
4% H

2
 in air was reached at about 7 m from the leak. In 

open-air dispersion, buoyancy caused hydrogen to rise 
and mix vertically, so its ground-level footprint was in 
fact smaller. Methane, while lighter than air, was less 
buoyant than H

2
 and tended to stay at lower elevations 

longer, drifting with the wind. The 10% H
2
 admixture to 

methane behaved close to methane because the small 
buoyancy increase was not enough to completely lift the 
plume, but it enhanced dilution slightly. Additionally, the 
hydrogen-rich cloud losed flammability sooner because 
as it dilutes, the gas mixture concentration decreased 
below 4%, whereas the methane cloud remained flam-
mable until 5%. For the smaller leak sizes, the flammable 
distances (above LEL) were much shorter, i.e. a 10 mm 
leak of CH

4
 might only form a few meters of flammable 

mixture (largely confined near the leak), and for H
2
 ~2 m. 

The model indicated that for small breaches, buoyant 
gases like H

2
 quickly dissipated upward, posing minimal 

horizontal hazard.
The analysis was also performed for 50% of the LEL 

concentration as a secondary metric. Half of LEL was 
sometimes used as an ERPG-2 level proxy for flammable 
gases, it was a concentration at which one might start 
to take protective actions even though it’s too lean to 
burn, because any fluctuation or partial confinement 
could locally increase concentration. As expected, those 
distances were roughly double the LEL distances in 
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many cases. For instance, the methane cloud at 50% 
LEL extended to about 5 m downwind for the 50 mm 
leak. For the H

2
 50 mm leak, 0.5LEL was around 13 

m. The 10% H
2
 blend again was intermediate – slightly 

more than 5 m 50% LEL distance for the leak breach. 
Although hydrogen’s flammable zone tended to be narrow 
in the horizontal direction, a small hydrogen release 
in a turbulent or obstructed environment could still be 
detected at low concentrations surprisingly far down-
wind. In calm open air, a tiny leak could buoyantly rise 
and dissipate quickly, but obstacles or poor ventilation 
could trap hydrogen and allowed it to drift laterally, 
spreading very dilute gas over a wide area. 
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Overall, the dispersion modeling suggested that adding 
10% hydrogen did not drastically increase the geographical 
spread of a flammable leak. In fact, the flammable footprint 
might slightly shrink. The main hazard of hydrogen in a leak 
was not a farther-reaching gas cloud, but rather the higher 
likelihood of ignition and the potential for more violent 
combustion if ignited. Hydrogen’s invisible flame and low 
ignition energy mean that any source of ignition (a static 
spark, hot surface, etc.) was more likely to set off the cloud 
while it’s still near the leak. With pure methane, a certain 
fraction of gas could disperse without ignition if no igniter 
was present, whereas hydrogen might ignite from minimal 
triggers.

Hydrogen blending into natural gas pipelines offers 
a promising pathway to leverage existing natural gas 
infrastructure for clean energy transport. This case study 
of an accidental release from a pipeline carrying 10% 
hydrogen in natural gas indicates that such blending can 
be accomplished without substantial increase in risk, if 
engineering controls and safety procedures were imple-
mented properly. The dispersion modeling results showed 
that hydrogen’s properties (lightweight, diffusive, high 
flame speed) have a mixed influence on accident conse-
quences: hydrogen tends to disperse and dilute faster than 
methane, resulting in smaller flammable cloud extents 
and lower thermal radiation impact in jet fires, but it can 
slightly elevate the peak pressures of explosions in highly 
congested scenarios. This aligns with literature findings 
that blends up to about 20% H

2
 present no drastic dete-

rioration in safety25–34).
From a pipeline design and operation perspective, the 

introduction of 10% hydrogen appears manageable. There 
may be a slight reduction in transported energy per volume 
(due to hydrogen’s lower energy density), but conversely 
a slight reduction in pressure drops per distance3). Material 
compatibility must be verified – standard pipeline steels 
have been found generally acceptable at these hydrogen 
levels, though ongoing monitoring for embrittlement or 
leaks is recommended. In this analysis, the assumed pipeline 
with automated valves (valve closure in 30 s) was critical in 
limiting the release amount. Fast automatic shut-off valves 
and reliable leak detection systems (potentially including 
hydrogen sensors) are therefore important risk mitigation 
measures when introducing hydrogen. Additionally, ventila-
tion and dispersion are key allies in safety: since hydrogen 
will rise, ensuring that enclosed spaces like compressor 
stations or valve pits are adequately ventilated will greatly 
reduce explosion risk. It is important to emphasize the need 
for clear regulatory guidelines as countries move toward 
hydrogen blending.

In conclusion, the performed case study supports the 
viability of methane with hydrogen admixture pipeline 
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transport from a safety standpoint. Hydrogen blending did 
not fundamentally change the outcomes – rather, it slightly 
altered their characteristics, often in a conservative direc-
tion (smaller impact zones for the studied mixture). By 
adhering to emerging standards and implementing targeted 
risk mitigation (rapid isolation, monitoring, ventilation), 
operators can keep the risks of natural gas/hydrogen pipe-
lines at an acceptable level, comparable to traditional 
natural gas pipelines. With careful management, the 
blending of hydrogen into natural gas pipeline systems 
(transmission and distribution) can be a safe and effective 
component of the energy transition, enabling significant 
reductions in greenhouse gas emissions while protecting 
people and infrastructure.

This work was done as part of a project IDUB D2 9649 
(2024–2025).
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