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RESULTS

❖ Hydrogen (H2) is vital in the energy transition as a 

clean alternative to fossil fuels, requiring large-

scale storage solutions like Underground Hydrogen 

Storage (UHS). UHS uses geological formations 

such as depleted oil and gas reservoirs, salt 

caverns, and aquifers to store significant amounts of 

H2, ensuring supply and demand balance and 

integrating renewable energy sources effectively.

❖ The interplay between microbial activities and 

geochemical reactions in UHS is complex and 

dynamic. Microbial processes like Methanogenesis 

(MET), Acetogenesis (ACE), and Sulfate Reduction 

(SRB) use dissolved H2, affecting the geochemical 

equilibrium and pH. Geochemical reactions, in turn, 

influence microbial activity by supplying necessary 

ions. The reservoir's mineralogy significantly 

impacts these interactions. Understanding this 

interdependence is crucial for predicting H2 loss, 

byproduct generation, and the long-term impact on 

storage integrity.

Objectives:
➢Address Bio-Geochemical 

Knowledge Gaps in UHS.

➢Develop a Multi-Physics 
Model for UHS.

Why?
✓ Hydrogen Loss

✓ H2 Purity after Withdrawal

✓ H2 Recovery

✓ Corrosion due to H2S 

Formation

Approach:

❑ Developing a Reactive 

Transport Model.

❑ Coupling Bio-Geochemical 

Reactions with Fluid Flow.

Fig 1. UHS in Energy Transition.

Fig 2. Bio-Geochemical Modeling of UHS.
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Fig 4. pH Response in Different Rock Mineralogies.
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Reservoir Mineralogy: 100% CaCO3

Reservoir Mineralogy
Quartz ➔ 98%
Dolomite ➔ 2%

H2 Injection ➔ 50 days
Shut-in ➔ 150 days

Withdrawal ➔ 50 days
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Fig 6. H2 Mole Fraction in the Gas Phase in I) No Microbial Reaction, II) Moderate Microbial Condition, and III) Extreme Microbial Condition Cases.

Fig 3. Framework of the Coupling Transport Equation with the Bio-Geochemical Model.

Microbial 
Reactions

Equilibrium 
Disruption 

Geochemical 
Reactions

Algorithm

Batch
Model

❑ Geochemical Reactions
❑ Equilibrium

❖Microbial Reactions
❖ Kinetic
❖ Dual Monod Rate Model
❖ 𝒓𝑺 = −

𝝁𝒎𝒂𝒙

𝒀

𝑪𝑫

𝑲𝑫+𝑪𝑫

𝑪𝑨

𝑲𝑨+𝑪𝑨
𝑿

❖ 𝒓𝑿 =  −𝒀𝒓𝑺 − 𝒃𝑿
❖ pH-Temp-Salinity Dependency
❖ 𝒓𝒔,𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒆𝒅 = 𝒓𝒔. 𝝉 𝑻 . 𝝆 𝒑𝑯 . 𝜺 𝑻𝑫𝑺

❖ 𝟎 ≤ 𝝉 𝑻 ≤ 𝟏, 𝝉 𝑻𝒐𝒑𝒕 = 𝟏

❖ 𝟎 ≤ 𝝆 𝒑𝑯 ≤ 𝟏, 𝝆 𝒑𝑯𝒐𝒑𝒕 = 𝟏

❖ 𝟎 ≤ 𝜺 𝑻𝑫𝑺 ≤ 𝟏, 𝜺 𝑻𝑫𝑺𝒐𝒑𝒕 = 𝟏

Microbial Reactions Consume C(4) and S(6)
Geochemical Reactions Provide C(4) and S(6)

Fig 5. Benchmark Results – Geochemistry Properties in CMG-GEM and Our Model.

• Strong Interplay between Microbial and 
Geochemical Reactions.

• Equilibrium Disruption due to Microbial 
Activities.

• The Role of pH on System Response.
• The Importance of Site Screening and 

Selection.
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