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SUMMARY  
 
Task 1.0 Project Management and Planning 
  Done 
 
Task 2.0 Pore Network Generation 
  Done 
 
Task 3.0 Algorithm for conductivity and hydrate dissociation 
  Done 
 
Task 4.0 Characteristic Curve and Relative Permeability 
  In progress 
 
Subtask 4.1 Effect of network size/boundary condition 
  Done 
 
Subtask 4.2 Effect of hydrate habit 
  In progress 
 
Subtask 4.3 Effect of hydrate saturation 
  In progress 
 
 
 
Project timeline 

 
 
 
 
 

Year 1 Year 2 Year 3
Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2

 Task 1.0 Project Management and Planning
 Task 2.0 Pore Network Generation

Subtask 2.1: Information of grain size distribution
Subtask 2.2: Sediment packing by DEM simulation
Subtask 2.3: Extraction of pore network
Milestone A

 Task 3.0 Algorithm for conductivity and hydrate dissociation
Decision Point 1
Milestone B

 Task 4.0 Characteristic Curve and Relative Permeability
Subtask 4.1: Effect of network size/boundary condition
Subtask 4.2: Effect of hydrate habit
Subtask 4.3: Effect of hydrate saturation
Subtask 4.4: Effect of gas viscosity
Subtask 4.5: Effect of grain size distribution
Subtask 4.6: Suggestion of fitting parameters 
Decision Point 2
Milestone C



Summary of work during this quarter – Effect of hydrate habit 
 
The hydrate morphology (distributed-vs.-patchy formation) affects physical properties of 

hydrate-bearing sediments such as electrical, hydraulic, and thermal conductivity and bulk 

modulus [Dai et al., 2012]. Hydrates are assigned in pores to satisfy a target initial hydrate 

saturation. To emulate Oswald ripening effect, pores are fully filled with either hydrate or water 

[Dai et al., 2012; Dai and Santamarina, 2013]. Two following assumptions are used for relative 

permeability and soil-water characteristic curve (SWCC) calculation to study the effect of 

hydrate habit on the behavior of hydrate-bearing sediments (1) hydrates fills distributed random 

pores (2) hydrate forms patches, whereby hydrates injects into the random pores and grows into 

neighboring pores which forms patches with 16,256 and 1,024 pores (Figure 1). 

 
 

 
 
Figure 1. Different size of patches (a) distributed initial hydrate filling. (b) Patch of 16 pores (c) 
Patch of 256 pores. (d) Patch of 1,024 pores.  
 
 
Soil water characteristic curves for Sh=0, Sh=0.2, Sh=0.4 and Sh=0.6 is shown in Figure 2. In 

these cases, hydrate fills distributed random pores. Calculated characteristic curves shift to 

higher capillary pressure as hydrate saturation increases. Characteristic curves are fitted by van-

Genuchten equation and fitting parameter m-value and gas entry pressure P0. The gas entry 

pressure increases and m-value decreases with hydrate saturation. Figure 3 shows characteristic 

curves for Sh=0.2 when hydrates forms patches of 16, 256 and 1,024 pores. As the size of patch 

decreases, the gas entry pressure increases. Computed fitting parameters shows that P0 decreases 

with increasing the patch size, but m-value remains relatively constant. 

 



              
Figure 2. Soil-water characteristic curves for different hydrate saturations Sh. Numerical results 
are fitted by using van-Genuchten model, where P0 is the air entry pressure and the m is the van-
Genuchten parameter. 
 

 

 
Figure 3. The effect of hydrate morphology on soil-water characteristic curves. Hydrate forms in 
patches of different number of pores (e.g., 1, 16, 256, and 1024). Numerical results are fitted by 
using van-Genuchten model. 

Patchy P0[kPa] m 
Distributed 5.67 0.94 

16-Pores 5.40 0.93 
256-Pores 5.31 0.90 

1024-Pores 5.25 0.93 
 

Sh P0[kPa] m 
0 5.19 0.94 

0.20 5.65 0.94 
0.40 6.48 0.89 
0.60 8.20 0.81 
 



Relative gas and water permeability for Sh=0.2, Sh=0.4 and Sh=0.6 with distributed hydrate 

filling is shown in Figure 4. As water drains as a result of gas expansion, relative water 

permeability decreases (Figure 4a). The simulation results for the lower initial hydrate saturation 

show higher relative water permeability at a given water saturation. The relative gas permeability 

is also dependent on the initial hydrate saturation (Figure 4b). However, the lower initial hydrate 

saturation, the lower relative gas permeability at a given gas saturation.  Calculated fitting 

parameters show that m-value decreases with increasing initial hydrate saturation.  

 

 

 

 
 
Figure 4. Relative water and gas permeability simulation results and fitted curves for different 
hydrate saturations (a) Relative water permeability. (b) Relative gas permeability 
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Gas percolation occurs at Sg≈0.25 for Sh=0. For the case of higher initial hydrate saturation such 

as Sh=0.4 or 0.6, gas permeability is already developed as soon as hydrates dissociate. The 

residual water saturation with hydrate saturation and ranges from Srw=0.15 for Sh=0.2 to 

Srw=0.20 for Sh=0.6, which is the saturation of isolated water that does not have a drainage path. 

Figure 5a shows the comparison for different sizes of patches for relative gas permeability. 

Relative gas permeability decreases with increasing the size of patches when Sw<0.32. There is 

no typical correlation between relative gas permeability and water saturation at Sw>0.32. 

However, The relative water permeability increases with size of patches (Figure 5b).  

 

 

 
 
Figure 5. Relative water and gas permeability simulation results and fitted curves for different 
hydrate morphologies (a) Relative water permeability. (b) Relative gas permeability 
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Publication 

The part of previously reported studies is published in the peer-reviewed journal as shown 

below. And another manuscript is being prepared. 
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