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ABSTRACT 
This collaborative effort to compare the world’s leading gas hydrate reservoir simulators is 
designed primarily to exchange information and insight that will lead to the improvement in 
simulation capability of experimental and naturally occurring gas hydrate accumulations.  The 
initial phase of the code comparison activity achieved the simulation of five problems of 
increasing complexity by five different reservoir simulators: CMG STARS, HydrateResSim, MH-
21 HYDRES, STOMP-HYD, and TOUGH+HYDRATE.  The cases run, the results obtained, and 
an analysis of those results is available to the gas hydrates community through the DOE/NETL 
website[1].  
 
Results of the Problem 1 (non-isothermal multi-fluid transition to equilibrium (no hydrate); and 
Problem 2 (closed-domain gas hydrate dissociation) indicated very close agreement among the 
simulators.  This agreement suggests that all had consistently captured the basics of mass and heat 
transfer, as well as overall process of gas hydrate dissociation.  Problem 3 (dissociation in a one-



dimensional domain), which included several scenarios, one in which ice formation was likely, 
produced the initial divergence among the simulators.  Other differences were noted in both 
Problem 4 (gas hydrate dissociation in a one-dimensional radial domain) and Problem 5 (gas 
hydrate dissociation in a two-dimensional radial domain), resulting in significant corrections to 
algorithms within several of the simulators.  Given the lack of real world data for validation 
purposes, these improvements would likely not have been identified without the comparison 
activity.  This paper will outline the nature of the first five cases studies of the code comparison 
effort and their results.   
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NOMENCLATURE 
P pressure [MPa] 
QH heat flux [Watts] 
Q fluid flux [kg/s] 
r radial dimension [meters] 
rw outer radial dimension of a well [meters] 
t time [seconds] 
T temperature [K or °C] 

glβ   interfacial tension scaling factor 

glh  gas-aqueous capillary pressure head [meters] 

rGk   gas-phase relative permeability 

rAk   aqueous-phase relative permeability 

AS   effective aqueous saturation 

AS   aqueous saturation 

GS   gas saturation 

HS   hydrate saturation 

irAS   irreducible aqueous saturation 
 
INTRODUCTION 
This collaborative, international effort to compare 
gas hydrate reservoir simulators is designed to: (1) 
to exchange information regarding gas hydrate 
dissociation and physical properties enabling 
improvements in reservoir modeling, (2) to build 
confidence in all the leading simulators through 
exchange of ideas and cross-validation of 
simulator results on common datasets of escalating 
complexity, and (3) to establish a depository of gas 
hydrate related experiment/production scenarios 
with the associated predictions of these established 
simulators that can be used for ongoing and future 
comparison purposes.  
 
In the first part of this effort, five problems have 
been developed for comparison purposes and 
simulated by five different reservoir simulators, 
CMG STARS [2], HydrateResSim [3], MH-21 
HYDRES [4], STOMP-HYD [5], and 

TOUGH+HYDRATE [6]. The five problems 
range in complexity from one-dimensional to 
three-dimensional (with radial symmetry), and in 
horizontal dimensions of 20 meters to 1 kilometer. 
Each of the problems and the results of the 
comparisons to date are described below. 
 
 
PROBLEM 1 
Base Case (Non-isothermal Multi-fluid 
Transition to Equilibrium) 
Processes of interest to the simulation of CH4 
production from gas hydrates in porous media 
include multifluid flow and heat transport along 
with complex phase transitions, including hydrate 
dissociation and formation. Before executing 
problems with the additional complexities 
involved with the gas hydrate phase, a base case 
problem was designed to examine the numerical 
simulation of multifluid flow and heat transport 
processes with a single phase transition from 
aqueous saturated to unsaturated conditions for a 
water–CH4 system outside the stability region for 
gas hydrate formation. The problem involved a 
horizontal one-dimensional closed domain (no 
flow boundary conditions), initialized with 
gradients in aqueous pressure, gas pressure, and 
temperature that yield aqueous saturated 
conditions on half of the domain and aqueous 
unsaturated conditions on the other half of the 
domain. The simulation then proceeded to an 
equilibrium condition in pressure and temperature. 
The results of numerical simulations of CH4 
hydrate formations in geologic media largely 
depend on the computation of thermodynamic and 
transport properties. Therefore, a portion of this 
problem involves reporting property data for 
selected temperatures and pressures. 
 
Base Case Problem Description  
Gradients in aqueous pressure, gas pressure, and 
temperature are imposed across a 20-m one-



dimensional horizontal domain, discretized using 
uniformly spaced 1-m grid cells. A horizontal 
domain is used to eliminate gravitational body 
forces from the problem, as an additional 
simplification. The pressure and temperature 
gradients are specified to yield aqueous saturation 
conditions in the first 10 grid cells and aqueous 
unsaturated conditions in the remaining 10 grid 
cells. The simulation then proceeds to equilibrium 
conditions in pressure, phase saturations, and 
temperature. The list of processes simulated in this 
problem include:  

1. aqueous-gas multifluid flow subject to 
relative permeability, capillary effects, and 
phase transition from aqueous saturated to 
unsaturated  

2. heat transport across multifluid porous 
media with phase advection and 
component diffusion  

3. change in CH4 solubility in water with 
pressure and temperature  

4. change in thermodynamic and transport 
properties with pressure and temperature 

 
The van Genuchten capillary pressure model was 
used to express the relationship between gas 
aqueous capillary pressure head and the aqueous 
saturation [7]: 
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The Mualem [8] porosity distribution function, 
when combined with the van Genuchten capillary 
pressure relationship yields the following 
functions for aqueous and gas phase relative 
permeability: 
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Simulation Results 
Profiles of temperature, aqueous saturation, 
dissolved CH4 mass fraction and aqueous pressure 
at selected times (i.e., 0, 1, 10, 100, 1,000, and 
10,000 days) were calculated using all 5 different 
simulation packages and sample results for the 
aqueous saturation are shown in Figure 1. 
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Figure 1: Aqueous saturation for 1, 10, 100, and 
1000 days as calculated by the code comparison 
participants 
 
The calculated profiles show that, for the total 
system, equilibrium conditions are achieved by 
10,000 days. Aqueous pressure and saturation 
reach equilibrium conditions by 1,000 days 
indicating the faster response of the hydrologic 
system compared against the thermal system; 
where the temperature does not reach equilibrium 
conditions until 10,000 days. Transition to thermal 
equilibrium progresses rapidly until the hydrologic 
system reaches equilibrium by 1,000 days. From 
here, progress toward thermal equilibrium is 
dependent on low gradients and diffusive heat 
transfer. Likewise, transition to equilibrium for the 
dissolved CH4 proceeds rapidly until 1,000 days, 
where advances toward equilibrium are controlled 
by aqueous and gas diffusion processes. 
 
PROBLEM 2 
Base Case with Gas Hydrate (Closed-Domain 
Hydrate Dissociation) 
This second problem uses the same closed 
horizontal domain as in Problem 1, but includes 
gas hydrate in the half of the spatial domain that 
only contained water in Problem 1. The initial 
conditions are such that for long times (i.e. time > 
1,000 days) the system approaches an equilibrium 
state in which all of the hydrate has dissociated via 
the thermal energy available in the half of the 
spatial domain initially containing only gas and 
water. From the specified initial conditions, the 
simulation proceeds to an equilibrium temperature 
and pressure state resulting from the complete 
dissociation of the gas hydrate initially present in 
the reservoir. Again, there was excellent 



agreement among the five simulators tested in 
terms of the rates of movement of the gas hydrate 
front as well as the predicted phase saturations. 
 
Problem Description 
One half (x < 10 m) of a 20-m, one-dimensional 
horizontal domain, discretized using uniformly 
spaced 1.0 m  and 0.1 m grid cells was initialized 
with aqueous-hydrate conditions (SH = 0.4); 
whereas, the other half of the domain is initialized 
with gas-aqueous conditions (SG = 0.539474). As 
with the Base Case problem (Problem 1), a closed 
horizontal domain is used to eliminate 
gravitational body forces and boundary condition 
effects. The initial conditions are specified to yield 
complete dissociation of the hydrate, via the 
thermal capacitance of the domain-half initialized 
with gas-aqueous conditions. To initialize the 
aqueous-hydrate half of the domain, temperature, 
pressure, and hydrate saturation were specified. 
For reference purposes, hydrate equilibrium 
pressure, hydration number, and cage occupancies 
were also specified for this half of the domain. To 
initialize the gas aqueous half of the domain 
temperature, aqueous pressure and gas pressure 
were specified.  
 
All active phases (i.e., aqueous, gas, and hydrate) 
were assumed to comprise water and CH4, and 
capillarity was assumed between the active phases. 
Hydrate dissociation was assumed to occur using 
equilibrium kinetics (i.e., infinitely fast 
dissociation rates). The simulations proceeded to 
equilibrium conditions in temperature and 
pressure, dissociating the hydrate during the 
transition process and leaving gas-aqueous 
conditions.  
 
The list of processes simulated in this problem 
include: 

1. multifluid flow for an aqueous-gas-
hydrate system in geological media, 
subject to relative permeability and 
capillarity effects and phase transitions 

2. dissociation of CH4 hydrate in response to 
thermal stimulation and depressurization 

3. heat transport across multifluid geological 
media with phase advection and 
component diffusion 

4. change in CH4 solubility in water with 
pressure and temperature 

5. change in thermodynamic and transport 
properties with pressure and temperature 

 
Simulation Results 
Profiles of temperature, aqueous saturation, 
hydrate saturation, gas saturation, aqueous 
pressure, and CH4 mass fractions in the active 
phases at selected times (0, 1, 10, 100, 1,000, and 
10,000 days) were calculated and compared 
among the simulators. Hydrate dissociation 
occurred initially in response to both thermal 
stimulation and depressurization; however, later in 
time dissociation is principally due to thermal 
stimulation as the released CH4 gas increases the 
system pressure above the initial conditions. 
Initially hydrate dissociation occurs without 
hydrate creation. After 10 days, however, hydrate 
dissociation occurs in conjunction with hydrate 
creation on the hydrate-side of the dissociation 
front (Figure 2). Hydrate creation is caused by the 
released CH4 gas migrating into the hydrate-side 
of the domain forming new hydrate. This hydrate 
eventually dissociates as the dissociation front 
proceeds toward the hydrate side (x < 10 m) of the 
domain. 
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Figure 2: Hydrate saturation at 100 days as 
calculated by the code comparison participants for 
Problem 2 
 
As was seen in Problem 1, the five simulators 
exhibited similar results, both qualitatively and 
quantitatively. Shown in Figure 3 is a plot of the 
gas saturation as a function of horizontal distance 
for this 1-dimensional system. As can be seen, 
subtle differences between some of the simulators 
are becoming evident, particularly among gas and 
aqueous saturations. As expected due to the 
development history, TOUGH+Hydrate [6] and 
HydrateResSim [3] show very similar results with 
only slight differences. STOMP-HYD, MH-21, 



and CMG-STARS results show a more gradual 
decrease in gas saturation on the hydrate side of 
the dissociation front, seemingly indicating slower 
movement of the gas away from the hydrate. 
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Figure 3: Gas saturation at 100 days as calculated 
by the code comparison participants for Problem 2 
 
 
PROBLEM 3 
Dissociation in a 1-D Open Domain 
The third problem again involves a one-dimension 
spatial domain. While Problem 2 explored the 
behavior of the simulators when gas hydrate 
dissociated in the (larger) closed domain of 
Problem 1, the intent of Problem 3 is to explore 
fine-scale effects of gas hydrate dissociation in a 
system open to gas release from the origin. To 
explore the range of potential behavior, three 
separate cases were defined and compared: (1) 
dissociation due to thermal stimulation, (2) 
dissociation due to depressurization to a pressure 
above the quadruple point (ensuring that no ice 
forms in the reservoir), and (3) dissociation to a 
pressure below the quadruple point (allowing the 
formation of ice).  
 
Problem Description 
The domain modeled in Problem 3 is a one-
dimensional Cartesian system with L × W × H = 
1.5 m × 1.0 m × 1.0 m and a discretization  of 30 × 
1 × 1 uniformly-sized gridblocks in x, y, and z. The 
initial pressure of the domain was 8 MPa and the 
initial temperature was 2°C for the thermal 
stimulation case (1) and 6°C for the two 
depressurization cases (2 and 3). The initial 

saturations for all three cases were SH = 0.5, SA = 
0.5, SG = 0.0. The Stone [9] + Aziz [10] relative 
permeability model was used in Problem 3: 
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For this problem, n = 3.0, 0.12, and =irAS
=irGS 0.02. 

HydrateResSim
MH21 
CMG-STARS 
STOMP-HYD 
TOUGH+/Hydrate
 

 
Boundary Conditions 
The boundary conditions were specified for three 
different cases, each leading to different hydrate 
dissociation scenarios.  
For all cases: 
At x = Xmax:  No mass or heat flow 
At x = 0: Constant SA = 1.0 
 
Case 1: Thermal stimulation 
Constant P0 = Pi
Constant T(x = 0) = 45°C  
 
Case 2: Depressurization to a pressure above the 
Q-point, no ice formation 
Constant T0 = Ti = 6°C 
Constant P(x = 0) = 2.8 MPa  
 
Case 3: Depressurization to a pressure below the 
Q-point, leading to ice formation 
Constant T0 = Ti = 6°C 
Constant P(x = 0) = 0.5 MPa  
 
Simulation Results 
While good agreement was generally observed 
among the simulators for the first two cases (see 
Figures 4 and 5), the third case (which resulted in 
the formation of ice in some portions of the 
reservoir) revealed differences in the location of 
the hydrate dissociation front over time (see Figure 
6). The observed differences most likely are the 
result of the different manners in which the 
appearance and effects of ice are modeled in the 
various simulators. One should note the relative 
time-dependent decrease in hydrate saturation near 
the origin (wellbore). For Case 1, as shown in 
Figure 4, the hydrate dissociation front has moved 
approximately 0.5 m for all simulators over the 
course of 3 days, while for Case 2 (Figure 5) the 
front has moved about 0.4 m in the same 
timeframe. Case 3 (Figure 6) shows the fastest 



movement of the dissociation front, 0.3 to 0.5 m in 
20 minutes; however, for simulations with longer 
radial dimensions it is expected to see significant 
detrimental effects on gas rate from hydrate 
production due to ice formation. 
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Figure 4: Hydrate saturation after 3 days as 
calculated by the code comparison participants for 
the thermal stimulation case above the quadruple 
point (case 1) of Problem 3. 
 
 
PROBLEM 4 
Gas Hydrate Dissociation in a One-dimensional 
Radial Domain – Similarity Solutions 
The fourth problem models gas hydrate 
dissociation in a one-dimensional radial domain. 
The fine discretization utilized in this problem is 
needed to accurately capture the simulated front 
during thermal dissociation. As with Problem 3, 
this problem explores the fine scale effects of 
hydrate disassociation in a non-closed system.  
This problem was designed to take advantage of 
the fact that under proper conditions, hydrate 
dissociation results in solutions that are of the 
form of “similarity solutions.”  
 
These solutions are ones in which the observed 
values of any variable (e.g., temperature, pressure, 
saturation, etc.) depend only on the ratio r2/t 
(where r is the radial distance from the well and t 
is time). This implies that if one plots results from 
different times on a single plot using r2/t as the 
independent variable, all of the curves should lie 
on top of each other (except for small variations 
due to transient behavior at small values of t). 
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Figure 5: Hydrate saturation after 3 days as 
calculated by the code comparison participants for 
the depressurization case above the quadruple 
point (case 2) of Problem 3. 
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Figure 6: Hydrate saturation after 20 minutes as 
calculated by the code comparison participants for 
the depressurization case below the quadruple 
point (case 3) of Problem 3. 
 
Problem Description 
The domain modeled in Problem 4 is a one-
dimensional radial system with L × H = 1000 m × 
1.0 m and a discretization of 1000 uniform 0.02-m 
gridblocks from r = 0.0 m to r = 20 m and 1000 
gridblocks logarithmically distributed from r = 20 
m to r = 1000 m. The Stone [9] + Aziz [10] 
relative permeability model (Equations (4) and 
(5)) was again used in Problem 4 with the same 
parameters as were used in Problem 3.  
 
 
 



Initial Conditions 
Case 1: Pi = 4.6 MPa, Ti = 3°C, SH = 0.5, SA = 0.5 
Thermal stimulation 
 
Case 2: Pi = 9.5 MPa, Ti = 12°C, SH = 0.4, SA = 0.6 
Depressurization 
 
Boundary Conditions 
The boundary conditions were specified for two 
different cases.  
For both cases: 
At r = Rmax:  Constant pressure, temperature, and 
saturations 
 
Case 1: Thermal stimulation 
At r = 0: QH = 150 W 
 
Case 2: Depressurization 
At r = 0: Q = 0.1 kg/s including gas and aqueous 
phase 
 
Simulation Results 
This problem represents the closest to a problem 
with a “known” solution for hydrate systems. The 
observation that the tested simulators 
(HydrateResSim, MH-21, TOUGH+HYDRATE, 
STOMP-HYD, and HydrateResSim) showed the 
same similarity solution-type behavior (see Figure 
7) is an indication that they all are capturing the 
same physical process which leads to this 
behavior. 
 
For the thermal dissociation problem, heat is 
added at the well at a rate of 150 W.  The 
saturation distributions in Figure 7 indicate a very 
sharp dissociation front. For this particular 
problem, the front occurs near r2/t = 0.04 m2/day. 
Thus, at t = 20 days, the dissociation front will be 
at a radius of 

r = (0.04 m2/day x 20 days)1/2 = 0.89 m 
Similarly, at t = 100 days, the dissociation front 
will be at a radius of 

r = (0.04 x 100)1/2 = 2.0 m. 
A very interesting observation is that thermal 
dissociation creates a self-sharpening front, which 
develops as the higher pressure of the released gas 
leads to the formation of additional hydrates 
immediately ahead of the dissociation front (r ≈ 
0.2 m). This is clearly demonstrated by the step in 
front of the sharp dissociation front in the hydrate 
saturation in Figure 7. 
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Figure 7: Plot of r2/t for the five different 
simulators for Case 1 (thermal stimulation) at t = 
10 days. 
 
For the case of depressurization, fluids are 
removed through the well at a rate of Q = 0.1 kg/s. 
The results shown in Figure 8 illustrate that the 
curves are invariant, and confirm that the radial 
hydrate depressurization problem in one-
dimension has a similarity solution.  The 
saturation distributions in Figure 8 indicate that the 
dissociation front is not as sharp as in the case of 
thermal stimulation, but more diffuse. Actually, it 
can be argued that a dissociation zone (rather than 
the front) is the result of this depressurization-
induced dissociation, and the onset of this 
dissociation zone is very well defined, between 
0.02 and 0.04 m for all five simulators.   
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Figure 8: Plot of r2/t for the five different 
simulators for Case 2 (depressurization) at t = 10 
days. 
 



For this particular problem, the onset of the 
dissociation zone occurs near r2/t = 0.03 m2/day, 
and the zone (defined as the region in which the 
gas saturation is non-zero) extends to r2/t ≈ 200 
m2/day. Thus, at t = 20 days, the dissociation front 
will be at a radius of 

r = (0.03 x 20)1/2 = 0.77 m, 
and the dissociation zone will extend from 0.77 m 
to  

r = (200 x 20)1/2 = 63 m 
Similarly, at t = 100 days, the dissociation front 
will be at a radius of 

r = (0.03 x 100)1/2 = 1.7 m, 
and the dissociation zone will extend from 1.7 m 
to  

r = (200 x 100)1/2 = 140 m 
These results indicate the substantial efficiency 
advantage of depressurization as a method of gas 
production from hydrate dissociation under these 
simulated conditions. As discussed in our 
companion paper, the initial temperature of a 
reservoir strongly affects gas production rates 
from depressurization [11].  
 
Implications of the Similarity Analysis 
1. If the problem has similarity solutions, the 

distributions of any of the variables describing 
the problem (e.g., pressure, temperature, phase 
saturation, etc.) are invariant when plotted 
against r2/t. For example, if one plots hydrate 
saturation vs. r2/t at any time t, all the curves 
will coincide. 

2. If the problem has similarity solutions, there is 
no need to conduct simulations over the entire 
time frame. The results at any time are 
sufficient to describe system behavior and 
performance at any time. 

3. The similarity solution can provide a simple 
and robust tool to evaluate the production 
potential of hydrate deposits. To accomplish 
this, one can develop simple graphical 
solutions for very complex problems by 
obtaining a family of similarity graphs for 
different conditions (as a function of initial 
saturation, heat input, etc.). Once this is done, 
there is no need for numerical simulation.  

4. Because we showed that this 1-D hydrate 
problem has a similarity solution, any 
numerical solution must be invariant when 
plotted against r2/t. This is a robust tool for the 
evaluation of the accuracy of any numerical 
simulator of hydrate behavior. If the simulator 

is inaccurate, then the solutions at different 
times will not coincide. 

This similarity solution to the hydrate problem is 
based on a one-dimensional radial problem. In 
natural systems, vertical temperature and pressure 
gradients, as well as reservoir heterogeneity will 
likely cause difficulty in finding a similarity 
solution. 
 
PROBLEM 5 
Gas Hydrate Dissociation in a Two-dimensional 
Radial Domain 
The fifth problem models gas hydrate dissociation 
in a two-dimensional radial domain. In this 
problem, a 10 meter-thick gas hydrate-bearing 
sandstone is bounded vertically by two 25 meter-
thick shales, as illustrated in Figure 9. The length 
and height of the domain are 1000 meters by 60 
meters with four different discretization models. 
Problem 5 seeks to investigate a range of behavior 
by simulating two separate cases: (Case A) 80% 
initial methane hydrate saturation, and (Case B) 
70% initial methane hydrate saturation.  
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Figure 9: Schematic of the hydrate and boundary 
domains for Problem 5. 
 
Problem Setup 
In addition to examining the effect of initial 
hydrate saturation on gas hydrate production, we 
examined the effect of gridding. Four different 
discretization scenarios were implemented for both 
of the two cases in Problem 5:   
 
Model 1 (200 x 30) 
r direction : 200 cells logarithmically distributed 
from rw = 0.10795 m to r200 = 1000 m  
z direction : 30 cells (5 x 5 m, 20 x 0.5 m, 5 x 5 m) 
  
 
 



Model 2 (200 x 11) 
r direction : 200 cells logarithmically distributed 
from rw  = 0.10795 m to r200 = 1000 m  
z direction : 11 cells (5 x 5 m, 1 x 10.0 m, 5 x 5 m) 
 
Model 3 (50 x 30)  
r direction : 50 cells logarithmically distributed 
from rw = 0.10795 m to r50 = 1000 m  
z direction : 30 cells (5 x 5 m, 20 x 0.5 m, 5 x 5 m) 
 
Model 4 (50 x 11) 
r direction : 50 cells logarithmically distributed 
from rw = 0.10795 m to r50 = 1000 m  
z direction : 11 cells (5 x 5 m, 1 x 10.0 m, 5 x 5 m) 
 
The Stone [9] + Aziz [10] relative permeability 
model (Equations (4) and (5)) was again used in 
Problem 5, with n = 3 and the irreducible 
saturations given in Table 1. These irreducible 
water saturations, paired with the initial hydrate 
saturations for Cases A and B result in initial free 
water saturations of 5% and 10% for Case A and B 
respectively.  
 

Table 1: Irreducible saturations for the relative 
permeability functions in Problem 5 

Case WirS  (%) GirS  (%) 
Case A 15 2 
Case B 20 2 

 
Simulation Results 
As suggested in Figure 12, when the methane 
hydrate zone is divided into 20 grid blocks with 
thickness of 0.5 m, it can be predicted that the 
methane hydrate located nearer to the upper and 
lower shale zones are dissociated preferentially, 
due to heat supply from these shale zones.  Once 
the methane hydrate at the locations adjacent to 
the shale zones is dissociated, the permeability is 
drastically improved at these locations and the low 
bottomhole flowing pressure can be transferred to 
more distant areas from the wellbore, which 
results in the significant increase in the gas 
production rate as shown in Figures 10 and 13.  
The gas production rates predicted with Model 1 
(200 x 30) are approximately 5 times larger than 
those predicted with Model 2 (200 x 11) for both 
Case A and Case B. 
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Figure 10: Predicted gas rate for Problem 5, Case 
A Model 1 (5A-1). 
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Figure 11: Predicted water rate for Problem 5, 
Case A Model 1 (5A-1). 
 
Examining the differences between the gas rates as 
predicted for Case A and Case B illustrates the 
importance of the initial free water saturation of 
the reservoir. For identical discretizations (Model 
1) Case B (Figures 14 and 15) results in a gas and 
water production rate nearly twice that found in 
Case A (Figures 10 and 11) for all simulators. This 
rate increase can be directly attributed to the free 
pore water that results in higher aqueous relative 
permeabilities allowing the faster movement of 
fluids and the relatively rapid transmission of the 
pressure front away from the hydrate dissociation 
front. 



   
 (Case A-1) (Case A-2) 
 

   
 (Case A-3) (Case A-4) 
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Figure 12: Methane Hydrate Saturation Distribution as simulated by MH-21 (after 270 days, fraction). 

  



Therefore, the characterization of free pore water 
is of the utmost importance for the prediction of 
gas production from a hydrate accumulation. In a 
companion paper [11] we present the results of a  
history-matching exercise to Modular Dynamics 
Test (MDT) results. The importance of the free 
pore water on gas production from hydrate 
deposits is reemphasized in the results from long-
term production modeling based on those history-
matched parameters. 
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Figure 13: Predicted gas rate for Problem 5, Case 
A Model 2 (5A-2). 
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Figure 14: Predicted gas rate for Problem 5, Case 
B Model 1 (5B-1). 
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Figure 15: Predicted water rate for Problem 5, 
Case B Model 1 (5B-1). 
 
CONCLUSIONS 
Simulation of gas hydrate reservoir production 
involves the solution of a complex combination of 
highly coupled fluid, heat, and mass transport 
equations combined with the potential for 
formation and/or disappearance of multiple solid 
phases in the system. Also, the physical and 
chemical properties of the geologic media 
containing gas hydrate are highly dependent on the 
amount of gas hydrate present in the system at any 
given time. Gas hydrate modelers have used many 
different conceptual models and mathematical 
algorithms to solve these problems; each approach 
has certain advantages and disadvantages but none 
is either completely accurate or proven reliable 
from first principles. Given the wide range of 
differing approaches taken by the various groups 
developing simulators, this international code 
comparison effort is the first attempt to explore 
and understand the impacts of these modeling 
assumptions on production scenarios involving gas 
hydrates.  

HydrateResSim
MH21 
CMG-STARS 
STOMP-HYD 
TOUGH+/Hydrate 
 

 
The intentions of the effort have been: (1) to 
exchange information regarding gas hydrate 
dissociation and physical properties enabling 
improvements in reservoir modeling, (2) to build 
confidence in all the leading simulators through 
exchange of ideas and cross-validation of 
simulator results on common datasets of escalating 
complexity, and (3) to establish a depository of gas 
hydrate related experiment/production scenarios 
with the associated predictions of these established 



simulators that can be used for comparison 
purposes. Substantial progress toward these 
objectives has been realized and continues with 
long-term production models based on Alaskan 
North Slope data.  
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