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Abstract 
Gas hydrates are solid crystalline compounds in which gas 
molecules are lodged within the lattices of ice crystals. The 
vast amounts of hydrocarbon gases that are trapped in hydrate 
deposits in the permafrost and in deep ocean sediments may 
constitute a promising energy source.  

Class 2 hydrate deposits are characterized by a Hydrate-
Bearing Layer (HBL) underlain by a saturated zone of mobile 
water. In this numerical study we determine that gas can be 
produced at high rates (several MMSCFD) from hydrate de-
posits for long times using a single vertical well and conven-
tional technology. The production strategy involves a cyclic 
approach, with each cycle composed of two stages. The first 
stage involves depressurization-induced gas production, lasts 
one to two years, and proceeds until secondary hydrate forma-
tion in the vicinity of the wellbore drastically reduces the well 
pressure. The second stage involves destruction of the secon-
dary hydrate near the wellbore by thermal stimulation or in-
hibitor injection, and lasts less than a month. The presence of 
salt in oceanic HBL enhances hydrate dissociation, but the 
effect is weakened by the release of fresh water. Gas produc-
tion from Class 2 hydrate accumulations continuously in-
creases over time during each cycle, while the corresponding 
water production continuously decreases.  

The simulation results indicate that gas production is af-
fected by (a) the intrinsic permeability, (b) the initial pressure, 
temperature and hydrate saturation, (c) the fluid withdrawal 
rate, (d) the thickness of the water zone, and (f) the permeabil-
ity of the confining boundaries. The effect of these parameters 
and conditions on gas production is not uniform over time, and 
requires the definition of the time frame before conclusions 
can be stated. Fine discretization in the vicinity of the wellbore 
is very important for the description of the evolving flow-
controlling secondary hydrate accumulations, and of the corre-
sponding dynamic phase changes. 

Introduction 
Background. Gas hydrates are solid crystalline compounds in 
which gas molecules (referred to as guests) are lodged within 
the lattices of crystals (called hosts). Under suitable conditions 
of low temperature T and high pressure P, the hydration reac-
tion of a gas G is described by the general equation  

G + NH H2O  = G•NH H2O,…………………(1) 
where NH is the hydration number. Natural hydrates in geo-
logical systems involve hydrocarbons (mainly CH4, as well as 
other alkanes), and may also include CO2, H2S and N2 as 
guests. Hydrate deposits occur in two distinctly different geo-
logic settings where the necessary conditions of low T and 
high P exist for their formation and stability: in the permafrost 
and in deep ocean sediments.   

Although there has been no systematic effort to map and 
evaluate this resource and current estimates vary widely1,2,3 
(ranging between 1015 to 1018 m3), the consensus is that the 
worldwide quantity of hydrocarbon gas hydrates is vast. Even 
the most conservative estimate exceeds by a factor of two the 
total energy content of the known conventional fossil fuel re-
sources. Given the sheer magnitude of their quantities, the 
ever increasing global energy demand and the dwindling con-
ventional fossil fuel reserves, hydrates are emerging as a po-
tential energy source4,5 even if a limited number of deposits 
may be suitable for production and/or only a fraction of the 
trapped gas may be recoverable. The attractiveness of hydrates 
is further enhanced by the environmental desirability of gas 
(as opposed to solid and liquid) fuels. Thus, the production 
potential of hydrate accumulations as hydrocarbon gas sources 
clearly demands technical and economic evaluation. 

Gas from hydrates can be produced by inducing dissocia-
tion, which also releases large amounts of H2O (Eq. 1). The 
three main methods of hydrate dissociation are6: (1) depres-
surization, in which the pressure P is lowered to a level lower 
than the hydration pressure Pe at the prevailing temperature T, 
(2) thermal stimulation, in which T is raised above the hydra-
tion temperature Te at the prevailing P, and (3) the use of in-
hibitors (such as salts and alcohols), which causes a shift in 
the Pe-Te equilibrium through competition with the hydrate for 
guest and host molecules.  
 
Classification of hydrate deposits. Natural hydrate accumu-
lations are divided into three main classes7,8. Class 1 accumu-
lations are composed of two layers: the Hydrate-Bearing 
Layer (hereafter referred to as HBL) and an underlying two-
phase fluid zone with free (mobile) gas. In this class, the bot-
tom of the hydrate stability zone (i.e., the location above 
which hydrates are stable because of thermodynamically fa-
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