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Importance of this Paper. Methane emission from sedimentary layers of water basins occurs through molecular diffusion, bubbles and plants. The values of these fluxes are not independent. They can be estimated from a change in the concentrations of methane and nitrogen in the upper parts of a sedimentary layer. In this paper, diffusion equations are used to derive differential equations whose solution describes a change in the concentrations of gases in the sedimentary layer with depth. This allows one to estimate gas fluxes into the atmosphere.

_______________________________________________________________________________

Abstract

The transport of gases forming in the sedimentary (active) layer of water basins and coming from the atmosphere is discussed. Diffusion equations are used to derive differential equations describing a change in the concentrations in the sedimentary layer with depth. The asymptotic equations describing a change in gas concentration with active layer depth have been derived. It is shown that the rate of gas generation (W) and the position of the upper boundary of bubbling (h) are related via the relationship W ~ h-2. A comparison has been made with experimental data.
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1. Introduction


Gases and, first of all, methane are emitted from the lakes, swamps (Bartlett et all, 1992; Chanton at all, 1989; Martens et all, 1992), rice paddies (Rothfuss, Conrad, 1998) through molecular diffusion, bubbles and plants. The magnitude of methane emission from these sources is great and amounts to half the methane flux into the atmosphere from various sources (Bazhin, 

1993; Khalil, Shearer, 1991). The methane formation take place in the layer of the dead residiu of plants and animals in anaerobic conditions. We shall name this layer of sediments responsible for methane formation the active layer (Fig.1). Water column is situated above the active layer. Methane concentration in the active layer is controlled by gas diffusion and bubbling in the layer. Numerical modeling of only gas formation and emission indicates agreement with experiment (Walter et all, 1996). 

The bubbles contain a great amount of methane, nitrogen and small amounts of carbon dioxide (Chanton at all, 1989; Martens et all, 1992). Nitrogen appears in bubbles due to diffusion of atmospheric nitrogen. The rate of bubbling methane emission depends on the content of methane in the bubbles (Chanton at all, 1989).

Earlier (Makhov, Bazhin, 1999), we have considered a model of gas transport for a lake through a water layer above an active layer. We have theoretically verified the existence of direct relation between the composition of bubbles and bubble emission. Nevertheless, we have used a simplified model of active layer, i.e., we have considered only the upper part of the active layer in which the concentration of gases is linearly dependent on the distance. The bubbles were assumed to form in 

the active layer at some distance (2-10 cm) from the bottom  calculated from experimental data.

This paper describes the behavior of gases in the active layer situated below the water column. There are no plants there. The main goals of the paper are:

1) to derive the analytical differential equations describing the concentrations of dissolved gases and the composition of bubbles depending on the depth (z) in the active layer, 2) to relate the depth of bubble formation (h) to the formation rate and diffusion of dissolved gases, 3) to establish  parameters and gases with these parameters responsible for a change in the concentration of dissolved gases and bubble composition with depth, 4) to perform comparison with experimental data. The paper discusses both the idealized model of the active layer with constant parameters and that whose parameters can vary within the active layer.

2. Model
Let us assume that no gases are formed in the water column. We also assume that all parameters of the active layer can depend on the depth only. The beginning of the active layer corresponds to the basin bottom (z = 0) and axis Z is directed into the active layer (Fig. 1). Atmospheric gases (nitrogen and oxygen, mainly) can diffuse into the water column through a thin film at the water-atmosphere interface which is followed by transport inside the water column. Owing to winds, the water column is the well-mixed layer in which the concentrations of all dissolved gases are depth-independent. The nitrogen concentration in the water column up to the bottom is assumed to be determined by Henry's law. Therefore, for the upper surface of active layer for nitrogen concentration, we get
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 - the atmospheric pressure, bar. Let us assume that in the active layer there are anaerobic conditions created by the oxidative processes on the active layer surface. Thus, the oxygen does not diffuse into the active layer and obeys the following expression  
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It is assumed that in the active layer the transport of dissolved gases is possible only due to molecular diffusion. Further, the gases forming in the active layer are denoted by index i, the gases diffusing from the atmosphere are denoted by index j, and index k is used for an arbitrary gas. The bubble formation in the active layer is quite possible. In this case, the concentrations of dissolved gases must reach the values at which the sum of their partial pressures 
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 in a bubble be equal (or greater) than the sum of atmospheric and hydrostatic pressures
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where z is the distance from the surface of the active layer, b is the water column thickness, 
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z

 is a characteristic depth equal to 10 m (Fig. 1). Taking into account that the concentration of dissolved gases in equilibrium is related to partial pressure in the gas phase via Henry's law, Eq.(1) has the form
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where Ck(z) is the concentration of k-th gas and Kk(z) is Henry's constant at a depth equal to z.

The rate of i-th gas formation in the active layer is denoted by Wi(z) (mole cm-3s-1). 

The effects of surface tension for bubbles are neglected.

Bubble formation in the active layer is possible only from a certain depth h (the upper boundary of bubble formation (Fig. 1)). This is due to the fact that there is no oxygen in the upper part of the active layer which leads to undersaturation despite methane formation. Indeed, let us consider the system consisting of nitrogen (coming from the atmosphere) and methane (forming in the active layer). The upper part of the active layer (region I) contains nitrogen and methane. However, the nitrogen alone, even being in equilibrium with atmospheric nitrogen, is insufficient for bubble formation. As the interface active layer – water column is approached, the methane concentration decreases due to diffusion sink (Fig. 1). Therefore, condition (2) fails for region I.

In the lower part (region II) the case is quite different. In this region the concentration of dissolved nitrogen is low. The methane molecules forming at great depths require considerable time to leave the active layer through molecular diffusion. An increase in the concentration of dissolved methane owing to continuous generation leads to the fact that the condition for bubble formation (2) can be satisfied just thanks to methane only. If bubbles form, the methane concentration becomes almost independent on the depth (Fig. 1). Therefore, in region II, the diffusion methane transport is  actually suppressed and methane can leave the active layer mainly owing to bubbles emission. At stationary conditions, the number of bubbles leaving the active layer, is equal to the number of forming bubbles.

At stationary conditions all gases forming in region II enter the bubbles. Thus, the bubbles in the active layer are the sink for the gases forming in region II. The bubbles are also the sink for nitrogen, because the nitrogen flux into the active layer must be equal to the bubbles nitrogen flux from region II to the atmosphere in the absence of nitrogen sources and sinks.

Differential equations for concentrations of dissolved gases in the active layer.

Let us derive the differential equations describing the spatial behavior of the concentrations of dissolved gases. We are interested in the stationary behavior of the system  described by the equation
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where 
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 is the diffusion coefficient of k-th gas, 
[image: image12.wmf])

(

z

W

k

is the source power, 
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is the sink power. In region I, there are no bubble sinks and the behavior of the concentrations of dissolved gases obeys the differential equation
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In region II, in the stationary case, the composition of bubbles is controlled by sinks. Therefore, using Eq. (3), we write
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(5)

where k and l are different gases. 


Equations (5) contain the concentrations of two gases, 
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. The system of Eqs. (5) can be solved using (2) together with the equations obtained by differentiating Eq (2)
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3. Analysis of the model

3.1. Position of the upper bubbling boundary

In this Section we get a general expression for calculating the positions of the upper boundary of bubble formation, analyze the cases of constant and varying parameters of the active layer. Neglecting mathematical details (Appendix), we write the expression for determining the positions of the upper boundary of bubble formation, h,
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(8)

where
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and the means of all gases in the system are introduced
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where 
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 - are the first derivative of Henry's constants by coordinate z at z = h.

This rather general formula allows the following general conclusions:

1. Parameters and properties of the system in region II have no effect on the position of the upper bubbling boundary.

2. Position of the upper bubbling boundary depends on the rate of gases generation in region I of the active layer and on gases solubility and mobility. 

3. When generation rates are close to each other, the gas with higher solubility (diffusion coefficient) has smaller effect on the position of the upper boundary of bubble formation.

When the dependencies  

, 
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 are known, Eq. (8) can be used to calculate the h value. 

Let us consider the simplest model in which parameters 
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 are constant at any depth of the active layer and then analyze the changes caused by the abandonment of the simplest model. In the framework of the model with constant parameters the h value has the form (( = 1, ( = h, ( = 0)
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(11)

It is readily seen that the gases forming in the active layer and those diffusing from the atmosphere play different roles in the formation of the upper boundary. The diffusion coefficients and solubility of atmospheric gases have no effect on the position of the upper boundary. They just cause a change in the effective atmospheric pressure. 

For the case of two gases, the former of which, e.g., methane, forms in the layer and the latter, e.g., nitrogen, diffuses into the layer from the atmosphere, the latter expression has the form
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(12)

Note that measuring  h, one can calculate Wl from Eq. (12)

We give some results of the calculation of h for the systems whose parameters are summarized in Table 1. Let us consider the system with b = 0.

Assuming that for the system methane - nitrogen, W1 = 10-12 mole cm-3 s-1, we get that h is 1.67 cm. For the system carbon dioxide - nitrogen, h is 8.44 cm at the same value of W1. When we simultaneously have CO2, methane and nitrogen at the same parameters, h is determined to be 1.64 cm. Thus, the presence of the third gas with a considerable solubility has almost no effect on the position of the upper bubbling boundary.

Now let us consider how of the varying parameters 

, 
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 affect at distances 0 - 10 cm  the results obtained. To this end, we again analyze Eq. (8). Henry's constants and the diffusion coefficients depend on temperature and porosity. As for the latter, its influence on diffusion is manifested in a change in the trajectory of molecular motion (Iversen, Jorgensen, 1993). The porosity is believed to affect to the same extent the diffusion coefficients of different gases. In a like manner the porosity will influence on Henry's constants. In the active layer at depths up to 10 cm, the temperature can vary up to 10 oC (Bartlett et all, 1992). The temperature-dependence of the diffusion coefficients of gases in water can be described by the equation

LnD = A/T + B,




where slope (A) is gas-independent (Himmelblau, 1964). Thus, it is assumed that depending on the depth, the diffusion coefficients of different gases vary in the same  manner. As an example, let us consider the active layer in which the temperature varies from 25 oC on the surface (z = 0) to 15 oC at the depth (z = 10 cm). We assume that the layer parameters 
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 linearly vary with depth. Therefore, taking into account the temperature-dependence of Henry's constants and diffusion coefficients, we get for methane: ( = 8.67 cm, ( = 0.0186 cm-1 , for nitrogen ( = 0.85, ( = 8.66 cm, ( = 0.0151 cm-1. The coefficients ( and  ( are observed to weakly depend on the gas type.

Now let us estimate the difference in the h values calculated from (8) and (12). We substitute the mean parameters in the range 0 - h into (12). It is assumed that the methane generation rate on the surface is 0.5x10-12 mole cm-3s-1 and at a depth of 10 cm it increases by a factor of two. Therefore, for h, we get from (8) h = 4.1 cm and from (12) - 4.3 cm. Thus, the differences are not great. We conclude that for a given example, the use of (12) instead of (8) for calculating the mean rate of methane generation gives an error of about 5%. 

If we assume that the methane generation rate at a depth of 10 cm increases at 11 times , then the h value from (8) is 2.8 cm, and from (12) it is equal 3.2 cm. The error in the calculation of the generation rate increases to 14%. It is noteworthy that when knowing the deviation of parameters Kl, Dl and Wl from the means, the calculation error can be estimated from (12).

3.2. The depth-dependence of gas concentrations.

Let us consider a simple system whose parameters are depth-independent. First, we obtain the differential equation to describe the behavior of the i-th gas in the layer. Note that the system under study involving several gases is described by a set of differential equations which is analytically unsolvable. Therefore, our aim is to derive equations which describe the asymptotic behavior of a given system at 

. 

Since, usually, z << z0, the dependence on z in the right-hand side of (2) can be neglected. We use condition (5) to obtain the corresponding equations. For example, at i = 1 or 2 it gives 
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Since in the asymptotic regime the values 

, from the latter equation we get



.

Thus, the asymptotic 

 curves are similar for gases forming in the active layer at large depths. In the case of exponential approximation, the decay parameters must be the same for all gases forming in the layer. To obtain asymptotic equations, we consider Eq. (8) for one of the forming gases, for example, the first, and for the sum of gases diffusing from the atmosphere


[image: image36.wmf]å

å

=

+

j

j

j

j

j

j

K

C

z

d

C

d

D

K

C

W

z

d

C

d

D

/

/

2

2

1

1

1

2

1

2

1

.





Some transformations give us the equation for describing a change in the concentration of the first gas
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(13)

where 

 and 

 are, respectively, the means of the diffusion coefficients and Henry's constants for  j-th gases diffusing into the layer. Note that the problem of averaging 
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 holds only for artificial atmospheres, because in the real atmosphere one should account only for nitrogen. Similarly, we write the equation for any gas forming in the layer. 

To obtain the asymptotic equation, one should  note that at 

 and 

 is
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In the asymptotic regime 

. Therefore, the value of the sum 

 in the numerator of (13) is assumed to be zero, and for the sum 

, we find
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 value in the denominator of (13) is assumed to be equal to the asymptotic value of 
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(14)

If the gas does not form in the layer, the asymptotic equation for it can be obtained from the expression below
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Since in the asymptotic regime 

, the equation for 

 has the form
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Solution to Eqs. (14) and (16) has the form
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where


[image: image47.wmf]2

/

1

0

)

/

1

(

ú

û

ù

ê

ë

é

+

=

g

z

b

P

K

D

W

i

0

,


[image: image48.wmf]2

/

1

0

)

/

1

(

ú

ú

û

ù

ê

ê

ë

é

+

=

g

z

b

P

K

D

W

j

j

j

0

.

(18)

As follows from (18), in region II, a change in the concentrations of forming gases is controlled by the total generation rate and the product of the averaged values of Henry's constants by the diffusion coefficients of gases coming from the atmosphere. The behavior of the concentrations of gases diffusing from the atmosphere is determined by the total generation rate of all gases and the value of the product of Henry's constant of the j-th gas by its diffusion coefficient. For real atmosphere, the parameters 
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 are the same and equal to the corresponding value for nitrogen. The composition of bubbles mainly changes with the concentrations of gases dissolved in the region II.

In region I, with the same simplifications, the behavior of gases is described by the equations
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The constants in Eqs. (17) and (19) are
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For example, we consider the same system of two gases containing methane and nitrogen. In this case, all sums in the right-hand side of Eq. (13) are absent and the equation has the form
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For other values, we get













The value of 

 concentration can vary from zero to its asymptotic value equal to 
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. To analyze the behavior of the 

 value, Eq. (21) is written as
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where ( is the parameter varying from zero to unity. If ( is unity, we observe the asymptotic regime, and when ( is zero, this corresponds to another limiting case. The exact solution is between these two limiting cases.

The curves describing a change in the concentrations of both of the gases with depth for a model case close to that described in (Rothfuss, Conrad, 1998), are shown in Fig. 2. For diffusion coefficients (Table 1), we took the values for pure water at 25 oC with respect to a porosity of 0.54 (Rothfuss, Conrad, 1998). The diffusion coefficients in water were multiplied by 0.431 according to (Iversen, Jorgensen, 1993). This value is based on the data of the study of methane diffusion in a porous medium and pure sea water. Henry's constants were multiplied by the value of porosity (Table 1). The thickness of the water column was assumed to be zero. Calculations were performed by Eq. (22) for two limiting cases. In the first case, in the denominator of (22) for the С1 concentration we substituted the asymptotic value (( = 1) and in the second case, the value equal to zero (( = 0). Figure 2 shows that the difference in the curves  plotting the concentration versus depth for the coefficient ( equal to 1 and 0 is quite negligible. 

The exact solution lies between these curves (Fig. 2). 

According to calculations, the values of concentrations for both of the curves differ from the mean by not more than 3.2 %. The change in concentrations is close to the exponential with a characteristic length of 2.56 - 1.75 cm. The composition of bubbles changes according to the law close to the exponential one with a characteristic length of 1/(.

Figure 3 shows the system carbon dioxide - nitrogen. It is seen that the divergence between these limiting cases for carbon dioxide is greater than that for the methane-nitrogen system. The exact solution lies between the limiting cases.

4. Comparison with experiment

It has been established (Rothfuss, Conrad, 1998) that in the system modeling methane formation on rice fields, the upper bubbling boundary is at a depth of about 1.3 cm. This allows one to estimate W(CH4) from Eq. 

 (14) as 1.7x10-12 mole cm-3s-1. According to (Rothfuss, Conrad, 1998), the total methane flux is 288 nmole cm-2 day-1 or 3.3x10-12 mole cm-2 s-1. Assuming that the depth of the layer is 2.5 cm, W(CH4) is determined to be 1.3x10-12 mole cm-3 s-1 which is rather close to the value calculated by us from the position of the upper bubbling boundary. Note that the total rate of gas formation is determined from the position of the upper boundary and only the rate of methane formation is known experimentally. Therefore, our value is higher. 

The composition of bubbles, according to (Rothfuss, Conrad, 1998), varies at distances of about 1.5 cm which is also close to the calculated value 1/( =1.35 cm. 

The value of the gradient near the surface of the active layer is determined by the value of 

in (20)



.

Knowing the position of the upper bubbling boundary, we calculate the 

 value from Eq. (20). Using information given in [3], we obtain that according to our estimates, the gradient is 0.5x10-6 mole cm-3cm-1 and from different data (Rothfuss, Conrad, 1998) this gradient is estimated to be (0.5 - 1)x10-6 mole cm-3cm-1. The bubbling flux is estimated by us to be about 60% of the diffusion one.

According to Chanton at all, 1989, in some water basins of Northern Carolina in summer, bubbles are observed at depths of about 1-2 cm from the bottom and in winter, at distances of 5-10 cm. The total methane flux changes by about a factor of seven which can be considered as some indication that Eq. (12) is fulfilled. Methane and carbon dioxide in the active layer have been observed to behave similarly in some cases (Hornibrook et all, 1997). 

In conclusion there are some remarks. In the active layer the methane concentration is measured with depth very often. The pattern is commonly as follows: the concentration changes very rapidly within several cm and then the changes either stop or become very slow. The boundary between these two regions is the upper boundary of bubble formation. Thus, the position of this boundary gives (Eq. (12)) the mean rate of methane generation in the sedimentary layer from the bottom 
(z = 0) to the upper boundary of bubble formation, h. Knowing h and W, one can calculate 

 и  
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F

. The former determines the gradient of methane concentration and the latter determines that of nitrogen. This makes it possible to evaluate the methane and nitrogen diffusion fluxes. The diffusion nitrogen flux is equal to the bubbling nitrogen flux. The concentrations of dissolved gases are calculated from (17) - (20). The values of concentrations can be used to calculate the composition of bubbles and, thus, the bubbling methane flux. Therefore, measuring one parameter (h) can give rather detailed information on the system.

Appendix

1. In region I, solution to Eq. (4) has the form
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(A1)

where constants Qi and Rj are found from the condition of solution joining in both of the regions.

The solutions for the second region for the forming and diffusing gases are written as Ci(z) and Cj(z) respectively. To combine solutions in both of the regions, the functions and their first derivatives should be equal at a depth corresponding to the upper bubbling boundary, h 
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where Ci(h) and Cj(h) are the concentrations of both gases at z = h, 

C'i(h) and C'j(h) are the derivatives by z for the corresponding concentrations at a point with z = h. From Eqs. (A2), we first derive the expressions for 
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 into (6), we get
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(А3)

Equation (8) follows from (A3).

References

Bartlett K.B., Crill P.M., Sass R.L., Harris R.C., Dise N.B., 1992. Methane emission from tundra 
      environment in the Yukon-Kuskokwim Delta. J. Geophys. Res. 97 (D15), 16645-16660.

Bazhin N.M., 1993. Sources and sinks of atmospheric methane. Chemistry for Sustainable
      Development 1, 331-346.

Chanton J.P., Martens C.S., Kelley C.A., 1989. Gas transport from methane-saturated, tidal
      freshwaterand wetland sediments. Limnol. Oceanogr. 34, 807-819.

Himmelblau D.M., 1964. Diffusion of dissolved gasses in liquids. Chem. Rev. 64, 527-550.

Hornibrook E.N.C., Longstaffe F.J., Fyfe W.S., 1997. Spatial distribution of microbial methane 
      production pathways in temperate zone wetland soils: stable carbon and hydrogen isotope 
      evidence. Geochimica and Cosmochimica Acta 61, 745-753.

Iversen N., Jorgensen B.B., 1993. Diffusion coefficients of sulfate and methane in marine 
     sediments: influence of porosity. Geochimica and Cosmochimica Acta 57, 571-578. 

Khalil M. A. K., Shearer M. J., 1991. Sources of methane: an overview. In: Khalil M. A. K. (Ed.),
     Atmospheric Methane: Sources, Sinks, and Role in Global Change. NATO ASI Series, Series I, 
     Global Environmental Change, Vol.13. Springer Verlag, Berlin, pp. 180 – 198.

Makhov G.A., Bazhin N.M., 1999. Methane emission from lakes. Chemosphere 38, 1453-1459.

Martens C.S., Kelley C.A., Chanton J.P., Showers W.J., 1992. Carbon and hydrogene isotopic 
     characterization of methane from wetlands and lakes of Yukon-Kuskokwim Delta, western 
     Alaska. J. Geophys. Res. 97 (D15), 16689-16701.

Rothfuss F., Conrad R., 1998. Effect of gas bubbling on the diffusive flux of methane in anoxic 
      paddy soil. Limnol. Oceanogr. 43, 1511-1518.

Walter B.P., Heimann M., Shannon R.D., White J.R., 1996. A Process-based model to derive 
      methane emissions from natural wetlands. Geophys. Res. Letters 23, 3731-3734.

Dr. Nikolai Bazhin is Professor in the physical chemistry and photochemistry. At present, his attention focuses on the physico-chemical description of the formation and emission of greenhouse gases into the atmosphere.

Figure caption

Fig.1. Structure of the active layer

Fig. 2. Dependencies of gas concentrations C1 (methane) and C2 (nitrogen) odepth. Dashed lines denote the dependencies of gas concentrations for two cases: ( = 1 and ( = 0. Solid lines denote the dependencies calculated from Eq. (22) by the Runge-Kutta method.

Fig. 3. Dependencies of gas concentrations C1 (carbon dioxide) and C2 (nitrogen) on depth. Dashed lines denote the dependencies of gas concentrations for two cases: ( = 1 and  ( = 0. Solid lines denote the dependencies calculated from Eq. (22) by the Runge-Kutta method.

Table captions

Table 1. Diffusion coefficients (D) and Henry's constants (K) for gases at 25 oC in a porous medium.

[image: image1.wmf]0

2

2

2

)

N

(

)

N

(

)

0

,

N

(

P

X

K

z

C

=

=



[image: image72.wmf]0,0

0,2

0,4

0,6

0,8

1,0

Atmosphere

b

[N

2

]

[CH

4

]

h

Water column

Region II

Region I

Active layer

Active layer

0

Depth, Z

Methane, nitrogen concentration, arb. units


[image: image73.wmf]0

10

20

30

40

0

5

10

15

20

25

30

n

h

0

1



1

0

CO

2

N

2

x100

CO

2

 and N

2

 concentration,  mM

Depth,  cm


[image: image74.wmf]0

2

4

6

8

10

0,0

0,2

0,4

0,6

0,8

0

1



h

1

0

n

N

2

CH

4

CH

4

 and N

2

 concentration,  mM

Depth,  cm


� EMBED Origin50.Graph  ���








Gas�
Dx106 cm2 s-1�
Kx106 mole cm-3 bar-1�
�
CH4�
8.27�
0.767�
�
CO2�
8.8�
18.4�
�
N2�
8.8�
0.354�
�









� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���











( Tel.:+7-3832-332-384; fax: +7-3832-342-350; e-mail bazhin@ns.kinetics.nsc.ru








PAGE  
10

[image: image75.wmf]0,0

0,2

0,4

0,6

0,8

1,0

Atmosphere

b

[N

2

]

[CH

4

]

h

Water column

Region II

Region I

Active layer

Active layer

0

Depth, Z

Methane, nitrogen concentration, arb. units

[image: image76.wmf]0

2

4

6

8

10

0,0

0,2

0,4

0,6

0,8

0

1



h

1

0

n

N

2

CH

4

CH

4

 and N

2

 concentration,  mM

Depth,  cm

_1011163704.unknown

_1011681487.unknown

_1020855513.unknown

_1020855679.unknown

_1020855730.unknown

_1020855777.unknown

_1020860421.unknown

_1021172500.unknown

_1026217666.unknown

_1026217677.unknown

_1021172482.unknown

_1020860344.unknown

_1020860345.unknown

_1020860321.unknown

_1020860333.unknown

_1020855817.unknown

_1020855751.unknown

_1020855768.unknown

_1020855738.unknown

_1020855708.unknown

_1020855715.unknown

_1020855690.unknown

_1020855616.unknown

_1020855646.unknown

_1020855661.unknown

_1020855635.unknown

_1020855568.unknown

_1020855580.unknown

_1020855535.unknown

_1020855420.unknown

_1020855454.unknown

_1020855473.unknown

_1020855433.unknown

_1011684860.unknown

_1011684897.unknown

_1011779908.bin

_1011779458.bin

_1011684876.unknown

_1011684838.unknown

_1011180310.unknown

_1011194584.unknown

_1011194777.unknown

_1011335051.unknown

_1011681305.unknown

_1011274052.unknown

_1011331921.unknown

_1011274020.unknown

_1011194748.unknown

_1011180441.unknown

_1011181263.unknown

_1011194573.unknown

_1011191444.bin

_1011180484.unknown

_1011181255.unknown

_1011180495.unknown

_1011180448.unknown

_1011180412.unknown

_1011180426.unknown

_1011180321.unknown

_1011169649.unknown

_1011171964.unknown

_1011171990.unknown

_1011169885.unknown

_1011164028.unknown

_1011164082.unknown

_1011169635.unknown

_1011169614.unknown

_1011164072.unknown

_1011163873.unknown

_1011163890.unknown

_993470962.unknown

_993472315.unknown

_1008605252.unknown

_1008653809.unknown

_1011111798.unknown

_1011163638.unknown

_1009701288.unknown

_1009701332.unknown

_1008653789.unknown

_993472473.unknown

_993877075.unknown

_1008604974.unknown

_993473365.unknown

_993473378.unknown

_993473396.unknown

_993472500.unknown

_993472447.unknown

_993472448.unknown

_993472316.unknown

_993471132.unknown

_993471384.unknown

_993471419.unknown

_993471371.unknown

_993471010.unknown

_993471078.unknown

_993470997.unknown

_993470585.unknown

_993470625.unknown

_993470948.unknown

_993470609.unknown

_993470475.unknown

_993470566.unknown

_991457192.unknown

_991462133.unknown

_991457136.unknown

