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Abstract  

Gravity drainage is an elegant concept for in-situ 

extraction. The basic idea is to inject a vapour and produce a 

liquid. However, gravity drainage has an important physical 

constraint that is widely misunderstood.   

This paper shows that gravity drainage processes that inject 

blended fluids such as propane-methane or a steam-solvent tend 

to have an inherently unstable material balance due to the 

difference between dew point and bubble point compositions. 

This can lead to the accumulation of volatile components within 

the chamber and impair both heat and mass transfer.  

This material balance constraint does not appear to be 

adequately represented in many laboratory experiments and in 

many reservoir simulations. Ignorance of this constraint may 

help to explain the lack of commercial progress beyond the 

original SAGD concept, even though SAGD is now 40 years 

old.  

To mitigate the material balance instability, the dew point 

and bubble point compositions should be as similar as possible. 

This paper concludes that gravity drainage will work best with 

injection of a pure fluid such as pure propane.  

Introduction  

In a gravity drainage processes such as SAGD, it is 

undesirable to inject hot water because the water will short 

circuit directly to the production well and therefore hot water 

represents a loss of plant capacity and efficiency. Similarly in 

SAGD, it is undesirable to produce live steam vapour from the 

production well because any steam production represents a 

short circuit across the reservoir and again a loss of plant 

capacity and energy efficiency.  

The dew point and bubble point are key features of vapour-

liquid phase equilibria and provide constraints that define the 

physical mechanism for gravity drainage extraction. The dew 

point is the set of conditions (temperature composition and 

pressure) where the first tiny amount of liquid appears within a 

vapour phase.  A familiar example is that of fog, where the 

mass of liquid water is inconsequential. Similarly, the bubble 

point is the set of conditions (temperature, pressure 

composition) where the first tiny bubble of vapour is present 

within a liquid phase.  At the bubble point, the mass of vapour 

is inconsequential compared to the total mass of liquid.  

To minimize short circuiting, gravity drainage processes 

generally try to inject at conditions near the dew point 

temperature at the injection well and produce at conditions at or 

slightly below the bubble point temperature at the production 

well. The latter is generally called steam trap control, where the 
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withdrawal rate in the production well is restricted to ensure 

that the produced fluid remains in the liquid phase.  Or in more 

familiar terms, the liquid withdrawal rate is restricted to ensure 

that the production well is fully submerged in liquid and not in 

direct communication with the vapour chamber.  

The implementation of steam trap control is fairly 

straightforward if the injected fluid is steam and the produced 

fluids are bitumen and water. However, things are more 

complicated if there are non-condensable gases such as methane 

present or solvents or solvent blends. Sophisticated computer 

models are typically used to perform thermodynamic phase 

envelope calculations. This paper will use a graphical approach 

because it is more transparent and consequently easier to 

understand.  

The objective of this paper is not to achieve four significant 

digits of accuracy or explore the nuances of multi-component 

multiphase thermodynamics. The objective of this paper is to 

show that fundamental misunderstandings about the dew point 

and bubble point are very common. Once the dew point/bubble 

constraint is fully understood, it is evident that gravity drainage 

is a highly constrained process and that the use of blended 

injection fluids is problematic. Furthermore, if the dew/bubble 

constraint is properly understood, then many of the proposed 

SAGD variants are easily rejected on the basis of unstable 

material balances. 

This paper begins with a simple thought experiment to 

illustrate the basic principles and then progresses towards to 

more rigorous calculations and actual field data.     

Example  1: Steam -Hexane Blend  

What is the bubble point temperature of a steam-hexane 

blend at 2.0 MPaA? The condensation temperature of water 

(213ºC) is virtually identical to the condensation temperature of 

hexane (207ºC). It has been claimed, that steam-hexane blends 

can be mixed with virtually no reduction in the condensation 

temperature.  Letôs see if this claim is correct by doing a 

thought experiment. 

Consider a large closed tank which has two open containers 

inside (See Figure 1).  One of the open containers holds liquid 

hexane and the other open container holds liquid water.  The 

pressure in the tank is 2.0 MPaA and we want to determine the 

tank temperature. The steam trap (or bubble point) criteria is 

clearly satisfied, because we are able to simultaneously drain 

liquid hexane and liquid water from the tank.  

Figure 1 shows the vapour pressure curves for hexane and 

water as a function of temperature. Figure 1 also shows the total 

pressure is just the sum of the two individual vapour pressures. 

At a total pressure of 2.0 MPaA, Figure 1 shows that the vapour 

pressure of hexane is about 1.15 MPaA and the vapour pressure 

of water is about 0.85MPaA and the tank temperature is about 

173ºC.  

Although at 2.0 MPaA, the condensation temperature of 

water (213ºC) is virtually identical to the condensation 

temperature of hexane (207ºC), the steam-hexane bubble point 

blend has a condensation temperature of only 173ºC.  Thus, by 

diluting the steam with hexane, we have reduced the steam trap 

temperature (or bubble point) by 40ºC from 213ºC down to 

173C.  Thus, the blending of hexane and steam has reduced the 

impaired the heat transfer by reducing the condensation 

temperature by about 20% (=40ºC/200ºC).  

We can easily verify that 173ºC is the true bubble point 

temperature. Consider what would happen if the temperature 

was raised by a small amount and the pressure was kept 

constant at 2MPaA. The hexane liquid would have a higher 

vapour pressure than the partial pressure in the tank and would 

boil off until there was no liquid left. Similarly, water would 

also boil off until there was no liquid left. Consequently, 173ºC 

is confirmed as the bubble point at 2MPaA.  

This simple thought experiment disproves the claim1 that 

ñthe chamber temperature for a steam only and steam-hexane 

SAGD processes are essentially identical.ò  

Example 2: VAPEX 

There are a number of patents directed towards the solvent 

recipe for VAPEX2,3,4. While there are subtle differences, all 

three patents teach that optimum results are obtained by diluting 

the solvent with a non-condensable gas such as methane or 

nitrogen to achieve dew point conditions at the reservoir 

temperature and pressure. The dilution with non-condensables 

is claimed to provide the following benefits: energy efficiency 

(i.e. non-thermal extraction), reduction in solvent inventory 

cost, enables use of low vapour pressure solvents (i.e. propane) 

in high pressure reservoirs and avoids asphaltene precipitation 

by limiting the solvent concentration.  

Figure 2 shows the dew point and bubble point curves for 

methane propane blends at 8ºC. Figure 2 was calculated using 

default properties within PVT Pro thermodynamic simulator 

licensed by Schlumberger.  To achieve a dew point mixture at 

8ºC and 2 MPaA, Figure 2 shows that the methane 

concentration must be about 65% and the propane concentration 

should be about 35%.  

Now letôs consider the composition of the produced fluid. 

This produced fluid will be a mixture of mobilized bitumen, and 

injected fluid. Figure 3 from Butler5, shows that the solubility of 

methane in bitumen at 10ºC is about 1.9 m3/m3 per MPaA. 

Thus, at a methane pressure of 2 MPaA, bitumen can dissolve a 

maximum of 3.8m3 of methane per m3 of bitumen1.  

If we use ñsteam trapò control for the production well, then 

all the injected methane must be removed from the chamber via 

its solubility in the bitumen. Since methane is the most difficult 

component to remove dissolved in the liquid phase, we can 

estimate the maximum mole fraction of methane which can be 

dissolved into the bitumen. If the bitumen density is 1010kg/m3 

and the mol weight is 550 kg/kgmol, then 1 m3 of bitumen 

contains 1.84kg mols of bitumen. Similarly the 3.8 m3 of 

methane vapour that we can dissolve in the bitumen is 0.17 kg 

mols of methane. To maintain the material balance with a feed 

ratio of 65:35 methane:propane following the VAPEX recipe 

above, we must co-produce 0.09 kg moles of propane for every 

0.17 kg moles of methane.  So the propane mole fraction in the 

produced fluid is 4 mol% (=.09/(1.84+.17+.09)). The propane 

weight fraction is 0.8 wt% or about 1.6 volume percent. Figure 

4 shows10 the expected viscosity of the mobilized bitumen at 

8ºC and 1.6vol% propane is about 700,000 cP. Thus, if the 

material balance is respected, then VAPEX dew point 

conditions will be inadequate to mobilize the bitumen. 

Letôs relax the material balance constraint for a moment and 

assume that the propane concentration in the bitumen is set by 

the partial pressure of propane in the feed gas.  The partial 

pressure of propane is 35% of 2MPaA or about 700kPaA. The 

amount of propane soluble in Athabasca bitumen at this 

temperature and partial pressure11 is slightly more than 20 wt%.  

                                                 
1 For the sake of simplicity in this example, we will assume that 

the initial reservoir bitumen does not contain any dissolved 

methane. 
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Bitumen that is saturated with 20 wt% propane, has a propane 

concentration of about 40 volume percent.  

Figure 4 shows that this bitumen propane blend will have a 

viscosity of less than 10 cP. Thus, if the propane partial pressure 

determines the propane concentration in the bitumen, then we 

can expect to successfully mobilize the bitumen.  

However, 20 wt% propane corresponds to about 140m3 of 

propane vapour dissolved into each m3 of bitumen. Since the 

solubility of methane in the produced fluids is much lower than 

the solubility of the propane, there is a huge excess of propane 

being produced relative to methane. Consequently, to maintain 

the 65:35 ratio for methane to propane from the injected fluid, 

we must vent approximately 280m3 of methane from the vapour 

chamber for each m3 of bitumen production. So we can only 

achieve the desired propane concentration in the bitumen 

needed to mobilize the oil, if we vent or cause large quantities 

of methane to leak from the vapour chamber.  

This simple calculation shows that the presence of methane 

or a similar non-condensable gas leads to an inherently unstable 

material balance and prevents the VAPEX process from 

working properly. 

This is a very surprising result, which seems to contradict 

conventional wisdom. However, a review of the literature 

reveals that Vapex experiments6,7 were performed with co-

production of liquid and vapour. Experiments that allow 

coproduction of liquid and vapour will tend to disguise 

instabilities in the material balance. 

Figure 5, shows the design of another VAPEX solvent for 

use in a reservoir at 3MPA8. The injection solvent recipe was 

56% methane, 19% ethane and 25% propane. Table 1 shows a 

flash calculation using PVT Pro at reservoir conditions (3MPa, 

12ºC). The liquid composition is 13% methane, 18% ethane and 

69% propane. The box to the right in Table 1 shows a simple 

material balance, where we have forced the moles of propane 

ñinò as vapour to equal the moles of propane ñoutò as liquid.  

For every mole of propane production, we must leave 2.054 

moles of methane and 0.494 moles of ethane behind. The 

material balance is clearly unstable.  

Figure 5 also reveals how the material balance instability 

could be fixed. To achieve a stable material balance, we must be 

able to convert all of the injected vapour into produced liquid. 

This means that the recipe of Figure 5 requires a reservoir 

temperature of -75ºC, to achieve a stable material balance. 

Thus, to maintain the injected fluid composition in the 

produced fluids, the solvent concentration in the bitumen must 

be too low to mobilize the bitumen. Alternatively, to achieve 

sufficient propane dilution to mobilize the bitumen, the material 

balance requires virtually all of the co-injected volatile 

components to be vented or otherwise lost from the chamber or 

finally the reservoir temperature must be unphysical to close the 

material balance.  

The discovery of an inherently unstable material balance for 

VAPEX is of great concern and has far reaching implications. 

The reservoir simulations that should have identified the 

unstable material balance clearly failed to expose the problem. 

This suggests reservoir simulations for many other processes 

could be vulnerable to the same material balance error.  Many 

of the proposed gravity drainage processes which have been 

simulated using reservoir models might not even be viable.    

Example 3: SAGD w ith Live  Bitumen  

 Consider a SAGD operated in a reservoir with an initial 

pressure of 2MPaA and reservoir temperature of 8ºC at a steam 

oil ratio of 2.5. If the bitumen is saturated with methane, then 

we can estimate the initial gas oil ratio (GOR) at 3.8m3 CH4 per 

m3 of bitumen using Figure 3.   

2 MPaA corresponds to a steam condensation temperature of 

213ºC.  Figure 3 also shows that the solubility of methane in the 

bitumen at 213º C is about 0.85m3/m3 per MPa. Consequently, 

at 2MPaA of methane partial pressure and 213ºC, the bitumen 

can only carry 1.7m3 of gas per m3 of bitumen. So the heated 

bitumen is clearly unable to carry all the methane that was 

initially present at reservoir conditions. However, with SAGD, 

there is also 2.5m3 of hot water being co-produced with each m3 

of bitumen, and this water can dissolve a small amount of 

methane and thereby help remove methane from the chamber.   

Figure 6 shows methane solubility in water vs pressure from 

two sources9,10.  We arbitrarily chose Thimmôs data9 because it 

extends to higher temperatures. 

Figure 7 shows a solubility calculation to determine the 

methane solubility in the produced fluids. Figure 7 reproduces 

Thimmôs methane water data, and then multiplies this by 2.5 to 

account for the steam/oil ratio. The assumption of constant 

steam oil ratio over a wide range of temperatures is simplistic 

but provides transparency.2 The next curve in Figure 7 presents 

the methane solubility data in bitumen from Figure 3. Next the 

methane solubility in the water is added to the methane 

solubility in the bitumen to determine the methane solubility in 

the produced fluids (i.e. per 1m3 bitumen + 2.5m3 water). 

Figure 8 shows the vapour pressure of water as a function of 

temperature. The solubility curve of Figure 7 is used to 

calculate the partial pressure of methane required to remove 

3.8m3 of methane for each m3 of bitumen production (this also 

includes the methane that is dissolved in the water).  Finally 

Figure 8 adds the vapour pressure of water and the partial 

pressure of methane together to determine total chamber 

pressure as a function of temperature.   

Figure 8 shows the temperature at each pressure required to 

close the material balance and remove all methane. Thus, Figure 

8 is our bubble point curve. Figure 8 shows that at 2 MPA, the 

production fluid must be below 100ºC to remove the required 

quantity of methane from the chamber. In other words, the 

requirement to remove 3.8m3 of methane vapour per m3 of 

bitumen results in a 112ºC loss of temperature.   

Figure 9 is identical to Figure 8 but initial gas to bitumen 

ratio was reduced to 1.7 m3 methane per m3 bitumen. At 2MPa, 

the bubble point temperature is now 180ºC, which is an 80ºC 

improvement over Figure 8.  This comparison shows that small 

amounts of methane can be incredibly effective poisons for heat 

transfer. The calculation also reveals that SAGD faces 

significant challenges in gassy reservoirs.  

The issue of heat transfer poisoning by non-condensable 

gases is well known in many other applications such as power 

generation but is sometimes disputed in SAGD. Consequently, 

letôs now examine some SAGD field data to do a reality check.   

Field Evidence of Gas Blankets in SAGD 

Figure 10 shows the temperature profile for a steam 

chamber11 operated at 2MPa. We need to determine the 

temperature gradient (profile) from conduction heat transfer. A 

comparison of the conduction profile to the actual measured 

                                                 
2
 Thermal resistances such as gas blankets reduce the bitumen 

interface temperature even though the chamber temperature is 

high and the SOR is high.   
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temperature profile will help identify thermal resistances due to 

the presence of gas blankets. 

Figure 11 shows the data of Figure 10 replotted on a 

logarithmic scale using dimensionless temperature. The 

dimensionless temperature Ū is defined to be: 

  

Ū = (T-Tinitial)/(Tmax-Tinitial) 
 

The straight line portion of Figure 11 shows the conduction 

temperature profile as per Birrel12.  Several important features 

can be observed. There is a portion (100-110m depth) where 

conduction heat transfer is the dominant mechanism. This 

region has a steep temperature gradient characteristic of 

relatively slow conduction heat transfer. There is a second 

region from 117 to 122m which has a very flat temperature 

profile indicative of extremely high heat transfer rates (i.e. 

virtually no temperature gradient). This is the portion of the 

steam chamber where convective heat transfer is the dominant 

mechanism.  Finally, there is an intermediate region between 

110 and 117m which has better heat transfer than conduction 

but worse heat transfer than pure convection. This intermediate 

region between 110 and 117 meters is where a non-condensable 

gas blanket will tend to accumulate and impair the convective 

heat transfer.  

Figure 12 compares the ñbest fitò conduction temperature 

profile at the edge of the chamber to the measured temperature 

data. Because the chamber is effectively isobaric, we can use a 

dew point calculation to estimate the concentration of methane 

in the vapour phase.  Figure 12 also shows that there is virtually 

no methane near the center of the chamber (120m), but the 

methane concentration is 50mol% at 115m.  Evidently, as we 

move away from the centre of the chamber, there is a very large 

methane concentration gradient within the vapour chamber.  

One of the ambiguities is that we do not know precisely 

where the edge of the vapour chamber is located. However, we 

can set an upper and lower bounds. The lower bound is given by 

extrapolate the conduction curve to the steam chamber 

temperature and conclude that the interface is located above 

115m (Figure 13). Alternatively, we can assume that the 

absence of convective heat transfer identifies the immobile 

bitumen interface and conclude the interface is deeper than 

110m (Figure 13). 

Figure 13 shows that at the edge of the convection heat 

transfer (110m) we have lost more than 100ºC from our steam 

chamber temperature (Tmax) and the expected methane 

concentration is 95%. This would correspond to a gas blanket 7 

meters thick. Just how harmful is this insulating gas blanket?  

The bitumen viscosity at 210ºC is 7.3cP and the viscosity of 

bitumen at 100C is 195cP.  Using the square root of viscosity 

relationship for the SAGD production rate, the vertical bitumen 

extraction rate is reduced by a factor of 5 (=ã(195/7.3) ) due to 

the insulating effect of the 7 meter thick gas blanket.   

Alternatively, if the edge of the vapour chamber is located at 

115m, then the gas blanket is only 3 m thick and Figure 13 

shows the gas blanket would reduce the extraction temperature 

by 33ºC.  This thinner blanket would cut the expected 

production rate by 25% or 7,500bbl/day on a 30,000 bbl/day 

project. 

It is commonly assumed that gas blankets are buoyant and 

can only be found at the top of the chamber. However, a recent 

patent application13, shows that gas blankets in SAGD have 

very little buoyancy. Consequently, gas blankets in SAGD are 

expected to accumulate on horizontal draining interfaces and 

interfere with both vertical and horizontal chamber growth.  

There is a widespread tendency in the industry to operate 

SAGD at pressures greatly in excess of the original reservoir 

pressure. There is a substantial literature claiming that higher 

temperatures and geo-mechanical strain are extremely helpful to 

enhance the SAGD production rate. However, the calculations 

presented here suggest that overpressure and subsequent leakoff 

of methane into the surrounding reservoir outside of the 

chamber may essential for SAGD to achieve effective heat 

transfer. This analysis suggests that geo-mechanical strain must 

enhance the reservoir permeability by a factor of 25 times, 

before it is as important as expelling methane from the chamber.    

This field example clearly shows that concerns about the 

accumulation of non-condensable gas in the vapour chamber are 

legitimate. This example also suggests that SAGD operation at 

lower and more energy efficient temperatures (i.e. where there 

is little or no methane leakoff) will be extremely challenging. 

Example 4: ESSAGD vs SAGD 

ESSAGD is a patented14 variant of SAGD with co-injection 

of a very small amount of solvent. The patent states that the 

amount of solvent should be less than 5 volume percent and is 

preferentially between 1 and 2 volume percent of the steam due 

to the high cost of the solvent. However, much of the R&D 

seems to be directed at solvent concentrations in the rage of 10-

15%, which seems to imply that low solvent concentrations 

claimed in the ESSAGD patent are ineffective. 

Figure 14 shows a bubble point calculation for ESSAGD 

using 10 vol% hexane and a GOR of 1.7 and providing for 

some external heat loss. The steam/oil ratio is also shown for 

reference, it is about 2.7 at 200ºC. The partial pressure of 

hexane in Figure 14 is below that of pure hexane because the 

hexane is diluted with bitumen.  We use the same methodology 

as developed for the previous SAGD example; calculate the 

solubility of methane in the hexane, water and bitumen and then 

use this solubility to determine the methane partial pressure.  

Then we add the methane partial pressure to the partial pressure 

of water and the (attenuated) partial pressure of hexane to get 

the bubble point pressure at each temperature.  However, as 

noted above, in this example the steam oil ratio varies with 

temperature to provide a more realistic heat balance.  

Figure 14 shows that the bubble point temperature for 

ESSAGD at 2MPa is about 175C. Figure 15 shows a similar 

calculation for SAGD, with a GOR of 1.7 and allowing for 

external heat loss.  At 2 MPA, SAGD has a bubble point 

temperature of about 180C.  Thus, the addition of 10 volume % 

hexane has helped to reduce the methane partial pressure from 

.9MPa down to 0.4 MPa, which is good.  However, the hexane 

partial pressure is 0.6MPa so the net effect is a higher bubble 

point pressure (=lower bubble point temperature) for ESSAGD, 

which is bad. 

Figure 16 provides a more direct comparison of the bubble 

point curves for ESSAGD and SAGD.  Figure 16 shows that 

ESSAGD raises the bubble point temperature at low pressures 

and reduces the bubble point temperature at pressures above 

1.7MPaA.  

ESSAGD gets its name from the hypothesis that the solvent 

is preferentially concentrated at the outside edge of the 

chamber. Figure 16 shows that at 2MPa we must maintain a 30-

40ºC sub-cool below the steam curve to achieve bubble point 

conditions in ESSAGD. Remember these bubble point 

conditions are required to remove the methane from the 

chamber and achieve a stable material balance. However, this 

30-40ºC temperature difference is of great concern because it 
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can cause reboiling and refluxing within the chamber. If the 

sub-cool at the production well is insufficient, then the most 

volatile components (i.e. methane) will be reboiled from the 

draining fluid and preferentially trapped within the chamber. 

Thus, while ESSAGD may be slightly advantageous over 

SAGD at lower pressures, it is vulnerable to an unstable 

material balance unless operated at sub-cool that is much larger 

than the industry now uses (40ºC vs 5-10ºC). The feasibility of 

achieving this large sub-cool is questionable, particularly when 

the injection well is typically located so close to the production 

well. 

Alternatively, methane could be expelled from the ESSAGD 

chamber by overpressure and leakoff, but this strategy would 

also lead to solvent losses from the chamber, which is 

undesirable for economic reasons.  

A review of ESSAGD experiments appears to show that they 

have always been done at a constant injection rate with a 

controlled backpressure15,16,17. This means that the ESSAGD 

produced fluids would contain large quantities of vapour as well 

as liquid. Consequently, it appears that the ES-SAGD 

experiments have not been run with a representative steam trap 

control. Experiments operated in this manner18 would tend to 

conceal any evidence of an unstable mass balance and should be 

viewed with skepticism.  

Field pilot tests of ESSAGD have not shown any advantage 

over SAGD19,20, which is consistent with Figures 14, 15 and 16. 

 Example 5: N -Solv with Live Bitumen  

N-Solv (N-Solv.com) is a condensing solvent process21,22, 

where the latent heat of condensation is used to heat the 

chamber, reduce the bitumen viscosity and thereby provide 

extremely fast bitumen extraction rates at modest temperatures. 

The N-Solv lab rates on 5 Darcy sand are 3 times faster than 

SAGD field rates on 5 Darcy sand. However, N-Solv cannot 

achieve useful heat transfer to the bitumen, if there is excessive 

methane contamination present in the vapour chamber.  

Consequently, a patented feature of N-Solv is that methane 

contamination must be kept at very low levels and that methane 

contamination must be removed from the propane vapour 

before it is recycled into the reservoir. N-Solv has a purity 

specification for the injected solvent and removes methane 

while VAPEX adds methane or other gases to dilute the injected 

solvent3.  

Consider a N-Solv process which is operated in a reservoir 

with an initial pressure of 2MPaA and temperature of 8ºC. The 

chamber temperature will be about 57ºC and the solvent/oil 

ratio will be about 5.  As in the previous examples, the bitumen 

is assumed to be saturated with methane so the initial GOR is 

3.8 m3 CH4 per m3 of bitumen (using Figure 3). The injected 

propane is continuously purified so the residual methane 

contamination in the injected solvent is 0.3 mol%.    

Figure 17 shows the propane and methane partial pressures 

and the total chamber pressure for a fixed solvent to oil ratio of 

5m3/m3. Figure 17 shows that the methane concentration at 

bubble point conditions is about 0.1MPa. A comparison to 

Figure 8 shows that at 2MPa N-Solv is about 20 times better at 

removing methane from the chamber than SAGD. 

                                                 
3, N-Solv experiments were done with proper steam trap 

(bubble point) control and there was a considerable effort made 

to avoid operating experiments in a manner that could result in 

vapour being vented from the sandpack.  

 

In Figure 18, the N-Solv solvent to oil ratio is allowed to 

vary with temperature (i.e. it is linked to a heat balance) and the 

GOR is 1.7 to provide a more direct comparison with Figures 

15, 16 and 17.  Figure 18 shows the propane and methane 

partial pressures and the total chamber pressure for N-Solv. At 

these temperatures, the vapour pressure of water (0.02 MPa) is 

inconsequential and can be ignored. 

The small amount of methane contamination in the chamber 

(residual in the injection propane + associated gas from the 

bitumen) reduces the bubble point temperature slightly below 

that of pure propane, while solubility of propane in the bitumen 

has raises the bubble point temperature slightly. The net effect 

is very a slight reduction, 2ºC, from the bubble point 

temperature of pure propane.   

This small separation between the dew point and bubble 

point temperatures is a huge advantage for N-Solv. It means that 

the risk of reboiling and refluxing in N-Solv is dramatically 

lower than in SAGD or ESSAGD.  Consequently, the risk of 

trapping methane in the chamber and obtaining an unstable 

material balance is dramatically lower in N-Solv. With an 

efficient methane removal mechanism, the need to operate at 

excessive pressure is eliminated. By being able to operate at 

native reservoir pressure, the risk of loss of confinement and the 

risk of solvent loss is also greatly reduced. 

Conclusion s 

Gravity drainage extraction is based on the concept of 

injecting vapour and producing liquid. This requires that the 

injected vapour, the mobilized bitumen and the associated gas 

must achieve bubble point conditions at the production well, if 

the material balance is to be closed.  

The patented dew point recipe for VAPEX leads to the 

accumulation of volatile components in the chamber and 

depletion of solvent from the chamber. Thus, the VAPEX recipe 

inevitably leads to an unstable material balance and is unable to 

provide sufficient solvent to mobilize the oil.  

The discovery of an inherently unstable material balance for 

VAPEX is of great concern. The reservoir simulations which 

should have identified the unstable material balance failed to 

expose the instability. This result suggests that other gravity 

drainage processes could be vulnerable to the same type of 

reservoir simulation error. 

In thermal extraction processes, blended fluids can lead to 

surprisingly large temperature differences (100ºC) between the 

dew point and the bubble point.  Consequently, blends are both 

limited in the temperatures that they can deliver to the bitumen 

interface and blended fluids tend to have significantly impaired 

heat transfer relative to pure fluids. 

These large temperature differences between the bubble 

point and dew point for blended fluids can produce large 

temperature gradients within the vapour chamber. These 

temperature gradients are undesirable because they can lead to 

reboiling or refluxing as cold fluid drains into a hotter region. 

Refluxing tends to preferentially trap the most volatile 

components like methane in the chamber and lead to an 

unstable material balance. 

Review of published data shows that a large number of lab 

tests on in situ processes were not performed with proper steam 

trap control. Gas was vented indiscriminately in these 

experiments and this venting would hide evidence of unstable 

material balances. Consequently, any interpretation of 

experiments which lack proper steam trap control should be 

viewed with considerable skepticism.  
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Methane tends to accumulate at the outside perimeter of the 

chamber in thick gas blankets. Temperature profiles from 

SAGD confirm significant temperature depression due to the 

presence of gas blankets. In the field example analyzed here, the 

methane gas blanket is between 3 and 7 meters thick, which 

drops the bitumen temperature by 30-100ºC and cuts the oil 

production rate by 25-80%. 

Many SAGDôs are operated at excessive pressure relative to 

original reservoir pressure.  This may be required for SAGD to 

purge methane accumulations from the chamber via losses into 

thief zones and achieve effective heat transfer. However, 

operation at high overpressure is very problematic for steam 

solvent hybrid processes due to risk of solvent loss.   

 An advantage of a modest temperature condensing solvent 

process like N-Solv is that the condensation of large volumes of 

purified solvent provides a very efficient mechanism to remove 

methane from the chamber. At an extraction pressure of 2 MPa, 

N-Solv is about 20 times more effective than SAGD for 

methane removal.  
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NOMENCLATURE 

symbol = definition 

Ū = Dimensionless Temperature 
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Figure 1: Pressure vs temperature for Steam- Hexane Blend at bubble point conditions 

 

Figure 2: Dew Point and Bubble Point for Methane- Propane Mixtures vs Pressure at 8°C 
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Figure 3 Methane Solubility in Bitumen Adapted from Butler5 

 

Figure 4 Propane Bitumen Blend Viscosity vs Temperature and Vol Fraction 



9 

 

Figure 5 A Vapex Solvent Phase Envelope (56% CH4, 25% C3H8 and 19% C2H6) 

 

 

 

Component  MW Feed Liquid Vapor Basis Basis Mass  

   g/mol mole frac. mole frac. mole frac. 
1 mol C3 

out 
1 mol C3 

in 
Balance 

delta 
 C1  16.04 0.56 0.13 0.56 0.186 2.240 2.054 
 C2  30.07 0.19 0.18 0.19 0.266 0.760 0.494 
 C3  44.1 0.25 0.69 0.25 1.000 1.000 0.000 

 Volume %  
 

100 0.02 99.98 
    Mol %  

 
100 0.12 99.88 

    

Table 1 A Vapex Solvent Material Balance Calculation 

 



10 

 

Figure 6: Methane Solubility in Water vs Temperature 

 

Figure 7 Methane Solubility in SAGD Produced Fluids  
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Figure 8 Partial Pressures of Methane and Steam vs Temperature at a GOR of 3.8 

 

Figure 9 Partial Pressures of Methane and Steam vs Temperature at a GOR of 1.7 
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Figure 10 SAGD Temperature Profile vs Depth 

 

Figure 11 SAGD Temperature Profile vs Conduction Temperature Profile 
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Figure 12 SAGD Temperature Profile and Implied Methane Profile 

 

Figure 13 Effect of Insulating Gas Blanket on Temperature at Edge of Chamber 


