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Assessment of decompression behaviour and models for fracture control applied to future fuel mixtures 

The Australian energy sector is undergoing a major transformation, driven largely by the push for decarbonisation. 

Future fuels such as hydrogen, ammonia, biogas as well as Carbon Capture and Storage (CCS) technologies have 

been identified as key enablers of a low-carbon future. 

However, the transition to large-scale production, transport, and delivery of these future fuels brings significant 

challenges. For example, safely injecting hydrogen into transmission pipelines is complicated by embrittlement 

mechanisms that can compromise steel integrity. Fracture control—the last line of defence against pipeline 

failure—relies on accurate predictions of decompression wave speeds within the pipeline inventory. While the gas 

industry has developed strong confidence in these predictions for lean and rich natural gas mixtures, and more 

recently for anthropogenic CO2 mixtures, less evidence exists for natural gas–hydrogen blends, particularly at 

hydrogen concentrations above 10% or under multi-phase decompression conditions. In addition, there remains 

debate around the role of pressure distribution along the flaps of a running ductile fracture as a potential contributor 

to the driving force. 

To address these uncertainties, project RP3.2-02 – “Assessment of decompression behaviour and models for 

fracture control applied to future fuel mixtures” was initiated. The project aims to assess the quality of the 

decompression wave predictions for future fuel blends by benchmarking them against experimental data from 

decompression tube tests, while also investigating the pressure distribution along fracture flaps in running ductile 

fractures. Two test series were proposed: Series A investigates the decompression behaviour of rich natural gas–

hydrogen mixtures and evaluates the accuracy of decompression wave prediction tools, while Series B focuses on 

characterising pressure distribution along fracture flaps. 

Research activities 

• Desktop studies using EPDECOM and computational fluid dynamics (CFD) simulations were performed 

to evaluate the possible increase in toughness requirement for rich natural gas mixtures with a given range 

of hydrogen fractions. Based on these results, the experimental test matrix for Series A and B was 

developed. A supersonic nozzle was also designed for the Series B tests, drawing on analytical 

formulations of fracture flap profiles developed in prior studies.  

• Series A tests were conducted at the TC Energy’s (TCE) Gas Dynamic Test Facility. During the first test 

with pure hydrogen, unexpected high level of overpressure, noise, and ignition were observed. Two-

dimensional CFD simulations were then performed to facilitate safe operation of the experiment. 

• CFD simulation results indicated that decompression tube tests with both hydrogen and methane could 

cause damage to nearby buildings, with hydrogen posing much greater risks. CFD simulations also 

showed that overpressure and noise can be mitigated using concrete blocks. A specific block configuration 

was proposed for the subsequent decompression tube tests. A three-dimensional CFD simulation was 

performed to validate the configuration. 

• In total 11 tests of rich natural gas-hydrogen mixtures with 0% to 100% hydrogen under various initial 

conditions were conducted at the TCE site. The decompression characteristics of each test were also 

simulated using EPDECOM with the GERG-2008 EOS. 

• Series B tests were conducted at the Tubular Goods Research Institute (TGRI) decompression test facility, 

with a supersonic nozzle installed on the open end of the decompression tube. The initial test plan was 

modified to meet safety requirements and to investigate differences in fracture driving forces among CO2, 



N2 and CH4-H2 mixtures. In total four tests were carried out. 

• Three-dimensional CFD models were developed to replicate the Series B tests. Simulations of CO2, N2 

and CH4-H2 mixtures were carried out to assess the ability of CFD to capture pressure distribution along 

fracture flaps. 

Key findings, implications and recommendations 

1. Blending hydrogen into rich natural gas can increase the toughness demand if the pipeline design causes 

the fracture velocity curve to intersect the decompression wave speed curve in the saturation plateau 

region. In these cases, the pipeline operating pressure may need to be derated to match available 

toughness.  

2. If the interactions of the fracture velocity curve with the decompression curve are in the region of gas-

phase or two-phase decompression, adding hydrogen into natural gas is beneficial to the toughness 

demand. In these regions, an increase in hydrogen fraction leads to a shift to higher decompression 

velocities. 

3. EPDECOM with the GERG-2008 EOS indicates good performance in the prediction of gas-phase and 

two-phase decompression, as well as the saturation plateau for natural gas-hydrogen mixtures. It 

generally provides conservative predictions for the decompression wave speed at and above the 

saturation plateau. The predictions can have a degree of non-conservatism at low fracture velocities.  

4. In the context of the BTCM, for natural gas-hydrogen mixtures, EPDECOM with GERG-2008 EOS will 

slightly underestimate the required toughness for gas-phase decompression, but it will consistently 

produce conservative estimates of required toughness for the saturation plateau. 

5. A decompression tube test facility equipped with a supersonic nozzle is a viable method for investigating 

fracture driving pressure. The flap pressure distribution, and its ratio to the decompression tube exit 

pressure, can be successfully measured, providing valuable data for further analysis and model validation. 

6. In the event of a CO2 pipeline rupture, the fracture flaps are subjected to higher fracture driving pressures 

compared to ruptures involving pipelines carrying N2 or CH4-H2 mixtures under comparable initial pressure 

conditions. 

7. CFD models are capable of predicting the pressure distribution along the fracture flaps with acceptable 

accuracy. In the absence of experimental data, they can serve as a useful tool for estimating the pressure 

near the fracture tip to enable more detailed analyses. 

Further studies 

Future studies could focus on full-scale fracture propagation modelling using finite element methods (FEM) with 

CFD-predicted fracture driving pressures. A fully coupled FEM-CFD model is computationally prohibitive due to the 

large model scale and the extremely small time-steps required. This study has demonstrated, however, that fracture 

flap pressure can be predicted with satisfactory accuracy using CFD. These pressures can be obtained in advance 

and subsequently applied as inputs to FEM models, providing a practical and efficient approach for full-scale 

fracture propagation studies. 
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