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Abstract. The paper is devoted to mathematical modelling and numerical computations of a non-
stationary free boundary problem. The model is based on processes of molecular diffusion of some
products of chemical decomposition of a solid organic substance concentrated in bottom sediments.
It takes into account non-stationary multi-component and multi-stage chemical decomposition of
organic substances and the processes of sorption – desorption under aerobic and anaerobic con-
ditions. Such a model allows one to obtain quantitative estimates of incoming solute organic
substances of anthropogenic origin having different molecular weights from the bottom sediments
into water and to study the influence of seasonal variations of the concentration of solute oxygen
in the near-bottom water on the direction of exchange processes in the system “water–bottom”.

Identification of parameters of the mathematical model with the use of experimental data and
with the employment of a priori information of the model’s structure is carried out. Comparison
of the numerical simulations with experimental data is conducted to the end of verification of
efficiency and plausibility of the proposed mathematical model of secondary pollution. It implies
assessment of water quality on account of the processes of exchange in the system “water–bottom”.
The results of computations of non-stationary fluxes at the boundary “water–bottom” are analyzed.
A model example is used to estimate the potentials of the biogenic load on the water reservoir.
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1. Introduction
Almost the world-over sharpening of ecological problems related to water bodies makes essential
the investigations of the possibility of obtaining the quantitative estimate of the values of the dif-
fusion flow of solute organic substances from bottom sediments [1–3, 7, 8, 11, 15–17, 20]. It is
important to estimate the influence of the flow on the quality of water in the investigated water
body.

Organic substances 1) undergo biochemical transformation in the water body, 2) are absorbed
on the suspensions, 3) penetrate into bottom sediments. This leads to the decrease in the concen-
tration of organic substances in the water. On the other hand, this leads to the result, when the
bottom sediments become a long-term source of secondary pollution. In this case it is necessary
to take into account that organic substances undergo biochemical transformation both in the water
reservoir and in the bottom sediments [2, 3, 11, 15, 16].

In the process of assessment and forecasting of processes of chemical decomposition of or-
ganic substances of bottom sediments it is necessary to take account of the value of concentration
of solute oxygen in the near-bottom water. This value substantially influences both the rate of the
processes of biochemical transformation of the substances and the content of these processes. This
especially relates to the processes going on under the conditions of substantial deficit of the solute
oxygen. In [1] one can find the estimate of the principal factors, which play the leading role in
the variation of the intensity of oxygen consumption by bottom sediments, for the Mozhaisk water
reservoir observed during a decade, in different seasons. In case of substantial variability of the
process of consumption of oxygen by bottom sediments, we have noticed a positive dependence of
this process on the content of oxygen in the near-bottom (10 cm) layer of water during all the sea-
sons except for the periods of homotermia in spring and absence of stable temperature stratification
in the reservoir in autumn. The correlation between the intensity of oxygen consumption with the
content of organic substances in the upper layer (0–2cm) of bottom sediments and consumption of
oxygen in the near-bottom layer of water is also obvious. Furthermore, we have revealed a corre-
lation between the intensity of consumption of oxygen by bottom sediments with the consumption
of oxygen in the near-bottom layer of water. For example, in autumn, it is possible to observe a
direct dependence, while in summer there is a reverse dependence, i.e., when there is no inflow
of easily oxidizable organic substances to the bottom, the intensity of consumption of oxygen by
bottom sediments is limited by intensive consumption of oxygen in the near-bottom layer of water.

1.1. Physics-chemical characteristic of bottom sediments
The weighted substance contained in the sewage of pulp-and-paper plants, which is discharged into
water bodies, contains up to 35% of cellulose and up to 32% of lignin [9]. These hardly oxidizable
organic substances undergo the process of sedimentation in bottom sediments in the form of black
slimy mass, while changing the natural content of bottom sediments. The products of decomposi-
tion of above natural polymers are represented by toxic low-molecular organic substances, whose
occurrence in the water reservoir leads to worsening its sanitary regime, reduction of the content
of oxygen, violation of biochemical processes of self-purification.
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According to [9], decomposition of craft-lignin in sewage, which is registered via the chemical
consumption of oxygen (CCO), is 50% in 2 weeks and 90% in 40 weeks. It is considered that 50%
decomposition of lignin with the stage of bleaching takes place during a week, and then CAO does
not decrease during 40 weeks, after what disassimilation practically stops. Our special anxiety is
caused by the presence of chlor-lignins in their content. There appear thousands of chlororganic
substances, approximately 300 of which have been identified. Note, not less than 97% of the
total chloride bound up with organic substances is represented by non-recognized mid-molecular
and high-molecular organic substances, which are decomposed into chlorinated organic substances
with lower molecular weight, many of which are chemically resistant toxic substances [18, 19].

According to [3] the organic substances of bottom sediments on the Baikal possess a relatively
high concentration of easily hydrolyzable forms. Sediments of the upper layer of bottom sediments
give 24 to 72% of organic carbon into the first hydrolyzate, 5 to 52% into the second one, and in
the insoluble residue the content of carbon is from 10 to 70%. It is noted that important factors,
which determine the quantity of easily hydrolozable organic substance in bottom sediments, are the
conditions of sedimentation. For the relatively high rates of sedimentation the organic substances
undergo sedimentation in bottom sediments, but retain the capability of biochemical oxidation. We
have shown the direct link between the mass content of organic carbon and the absolute quantity
of its easily hydolizable forms.

To the end of assessment of an admissible biogenic load on the water reservoir it is necessary
to know the process of spatial-temporal dynamics of the pollution sites on bottom of the water
reservoir, into which industrial sewage waters are discharged. Our analysis has given evidence that
the zone of high pollution has already formed. The total content of lignin-humus substances and
cellulose in bottom sediments is 35–40%. These zones of anthropogenic pollution have reached
the size of some 20–40 sq. km during 30–50 years of work of the enterprises [9]. Naturally, hardly
oxidizable organic substances are present in the water reservoir also as a natural component. Even
in oligotrophic reservoirs its content may be several milligrams in dm3 [3]. So, getting CAO into a
pretty large water reservoir from sewage waters may be not very substantial in its percentage. One
has to remember that the content of the complex of substances, which are determined from CAO,
includes low-molecular substances, which are foreign for all ecosystems and are hard to remove.
The difficulties of organization of valuable natural observations of such processes for the purpose
of getting the estimate of influences on the ecosystem have made us to use mathematical modeling
[2, 7, 8, 11].

1.2. Problem statement
Bottom sediments represent a natural porous medium saturated with water solute of different or-
ganic and mineral substances, which is formed in the water basin by sequential adding of a large
number of particles falling onto the bottom, which have different dimensions and content. This en-
vironment is bounded from below by the fundamental bed of the water reservoir, and from above
— by the interface with the water layer, from now on — the boundary “water–bottom”. For the
purpose of definiteness, let us consider the boundary “water–bottom” coinciding with the boundary
of diffusion boundary layer [12]. For large Pekle numbers, the characteristic speed of the concen-
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tration variation in the boundary layer in the direction transversal to the flow is essentially greater
than in the longitudinal direction.

Since exact quantitative description of the structure of real porous medium and of the diffusion
transfer in it is related to substantial difficulties, in case of a macroscopic approach it is gener-
ally considered as some homogenized continuous medium. Effective parameters of this medium
are chosen to provide equality of diffusion flows with the real porous medium under equivalent
conditions.

Next, we assume that, except for formation of volatile substances under anaerobic conditions,
the rest of the chemical reactions going on under the two considered conditions (aerobic and anaer-
obic) are similar. Decomposition of the mass of organic substance under anaerobic conditions is
considered as the first-order reaction. This relatively simple model of biochemical reaction rather
exactly reflects the process of integration in bottom sediments [16]. This model of integration for
the initial organic substances, both easily oxidized and hardly oxidizable ones, is used in [20];
a kinetic model of regeneration of inorganic compounds of biogenic elements under anaerobic
conditions is also described in [20].

Unlike that, under anaerobic conditions, there may take place reactions of two types. Kinetics
of reactions, which belong to the first type, is described by the Mihaelis-Menten equation, which
considers variation of the biomass (the Monot function for the substrate concentration). Second
type processes are described by the first-order reactions which characterize variation of the total
content of volatile substances. In the presence of a sufficiently large concentration of the sub-
strate (initial organic substance) and when the process of integration is assessed under anaerobic
conditions we shall use a simpler first-order kinetic equation, which takes account of variation of
biomass (instead of the Mihaelis-Menten equation). Under anaerobic conditions, we assume that
the rate of disassimilation of the solute organic substance is proportional to the content of the solute
oxygen [10].

Description of the process of decomposition of the organic substances. Consider disassim-
ilation of the organic substance in bottom sediments, following the scheme proposed in [11], as
going on at the same time but independently of multistage hydrolysis (decomposition) of some of
its “kinetic groups”, resulting in formation of inorganic final products. Suppose disassimilation is
satisfactorily described by the first-order kinetics. The initial substance of the bottom sediments
and products on each stage of disassimilation will be denoted by Pij , where i = 0, 1, . . . , nj is the
number of the substance (product) of the j-th group, and j = 0, 1, . . . , m the number of the group.
In the multistage process, decomposition of the (i−1)-st intermediate product adds to the quantity
of the i-th product.

Hence the general scheme of decomposition of the organic substance in bottom sediments can
be represented as follows:

P0j → P1j → P2j → . . . → P(nj−1)j → P(nj)j,

where: P0j — initial organic substance of the j-th group, P(nj)j — final inorganic product of

the given group. All the intermediate products form a solute organic substance. Then
m∑

j=1

P0j
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characterize the initial organic substance of bottom sediments, and the value
nj−1∑
i=1

m∑
j=1

Pij is the

sum of solute organic products in porous solutes.
It is supposed that substantial variations of the value and the direction of the diffusion flow of

solute organic substance through the boundary “water–bottom” take place only during transient
processes. These transient processes depend on the conditions of the environment external with
respect to the system “near-bottom water – bottom sediments”. The external conditions determine
the variations of solute oxygen in the reservoir’s water and the concentration of solute and sus-
pended organic substances in the “near-bottom layer” of the water. The sorption equilibrium under
aerobic and anaerobic conditions is established quickly, and, at each time moment, the current
concentration of solute organic substances is practically equal to the equilibrium one because we
assume that the time of sorption–desorption is negligibly small with respect to the time, which
determines changes under the external conditions. The coefficient of convertible sorption is sat-
isfactorily described by the linear Henry law and has different values in the upper oxidized and
lower reduced layers of bottom sediments, and the coordinate of the boundary between the layers
is a function of time.

2. Mathematical model and the method of investigation
A local moving coordinate system attached to the boundary “water–bottom” is introduced. The
origin coincides with the given boundary, the positive axis 0z goes downwards, into the layer
of sediments. Since the change of the concentration per unit of length along the vertical line in
bottom sediments is much larger than variations of the value of concentration in other directions,
the diffusion process will be considered as a one-dimensional process. In course of sedimentation
(with the sedimentation rate Voc) the coordinate system moves upwards parallel to itself with the
velocity Voc.

2.1. Equations of molecular diffusion in a porous medium
Generalizing the results of [7, 8, 11] and taking into account mass transfer due to molecular dif-
fusion, we can write micro-kinetics equations describing the processes in bottom sediments in the
form:

∂[Gij(z, t)Cij(z, t)]

∂t
=

∂

∂z

[
Def

ij (z, t)
∂Cij(z, t)

∂z

]
− ∂

∂z
[Gij(z, t)Voc(z, t)Cij(z, t)] + fij(z, t),

(2.1)

i = 0, 1, . . . , nj, j = 0, 1, . . . , m, z ∈ [0, L], t ∈ [0, T ].
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Here Cp(z, t) =
nj−1∑
i=1

m∑
j=1

Cij(z, t) is the sum of solute organic products in porous solutes, C0 =

m∑
j=1

C0j is the initial mass of organic substances of bottom sediments. Cij(z, t) is the concentration

of the organic substance (solid and solute) in porous sediments, which is expressed in units of
chemical consumption of oxygen (mgO2/dm3

general) with respect to the unit of volume of water
saturated porous sediment. The effective coefficient of molecular diffusion is Def

ij (z) = D0
ijp

m(z),
where 1, 3 < m < 3. The formula for the effective coefficient of molecular diffusion includes the
porosity p(z), and the coefficient of molecular diffusion D0

ij of the substance solute in water in
case of infinite dilution [11, 14, 17]. In this work, it is supposed that m = 2.

Since the initial solid organic substance does not diffuse, D0
0j = 0 for all kinetic groups. When

the rate of the sorption process is sufficiently high, it is supposed that the equilibrium between the
liquid and solid phases is established instantaneously and it is described by a linear isotherm line.
The process of equilibrium sorption is described by the function Gij(z, t) = 1 + Ka

ij(z, t), where

Ka
ij(z, t) =

{
Ka1

ij , 0 ≤ z ≤ z∗(t),
Ka2

ij , z∗(t) ≤ z ≤ L.

Here z∗(t) is the thickness of the oxidized layer of the bottom sediments.
In the general case, the functions in the right-hand side of the equation have the form

fij(z, t) = −kij(z, t)Cij(z, t) + k(i−1)j(z, t)C(i−1)j(z, t) + f 0
ij(z, t)

and describe the process of chemical decomposition of the organic substance, as well as mass pro-
duction, chemical reactions, physical-chemical and biological processes, which involve variations
of concentration with time [9, 11]. The rate of chemical decomposition of the substance kij(z, t)
(1/hour) depends on the content of oxygen solute in the bottom sediments. It has different values in
the aerobic and anaerobic domains of the bottom sediments and of the “near-bottom water”. In this
case, constants of rates of multi-stage and multi-component decomposition of substances kij(z, t)
depending on the content of oxygen, that is on position of the boundary of the oxidized layer of
sediments in bottom sediment. They can be written as follows:

kij(z, t) =

{
kp

ijCk(z, t), 0 ≤ z ≤ z∗(t),
kp

ijβij, z∗(t) ≤ z ≤ L,
i = 1, 2, . . . , nj − 1, j = 0, 1, . . . , m,

k0j(z, t) =

{
k0

j , 0 ≤ z ≤ z∗(t),
k0

j β
0
j , z∗(t) ≤ z ≤ L,

j = 0, 1, . . . ,m,

where Cκ(z, t) is the concentration of oxygen solute in bottom sediments, and the dimensionless
coefficients βij, β0

j take account of the difference in rates of processes under aerobic and anaer-
obic conditions. We note that under real conditions existing for the initial substance of bottom
sediments of fresh-water reservoirs there exists an approximate estimate β0

j ≈ 0.5 [11]. For all
finite products of chemical decomposition, the rate of decomposition is k(nj)j(z, t) = 0. As far as
the initial organic substance is concerned, there are no positive sources in bottom sediments, and,
consequently, C0j(z, t) = 0 for all kinetic groups.
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The total flux for each product in bottom sediments is given by the formula

F p
ij
(z, t) = −

[
Def

ij (z)
∂Cij(z, t)

∂z

]
+ [Gij(z, t)Voc(z, t)Cij(z, t)] .

The total flux of all solute organic products of disassimilation can be written as

F p(z, t) =

nj−1∑
i=1

m∑
j=1

F p
ij(z, t).

The expression for the total flux through the surface of bottom sediments for each product is
F p

ij(t) = F p
ij(z, t)

∣∣
z=0

, at the boundary “water–bottom” defined above.

Initial and boundary conditions. 1. The initial vertical distribution of the concentration of
solute organic substance in the sediment is Cij(z, t)|t=0 = Ψij(z). The function Ψij(z) is found
from the solution of the problem of parametric identification with the use of experimental data for
the stationary mathematical model [8] or by the method of relaxation for numerical solution of
system (2.1).

2. At the lower boundary of the bed of the water reservoir of the anthropogenic layer of bottom
sediments with the coordinate z = L the concentration gradient is zero:

∂Cij(z, t)

∂z

∣∣∣∣
z=L

= 0.

3. The boundary condition at the boundary “water–bottom” is Cij(z, t)|z=0 = C∗
ij(t). Here the

concentration C∗
ij(t) are the given functions of time, which define variations of the concentration

of substance at the boundary “water–bottom”.

2.2. Consumption of oxygen by bottom sediments
Unlike solute organic products, oxygen has no positive sources in the layer of bottom sediments. It
comes into sediments through the boundary “water–bottom”. Variations of the content of oxygen in
water of the near-bottom layer of a shallow water reservoir provoke the related variations of oxygen
concentration in the porous solutes of the upper layer of the sediments. This provokes the change
in time needed for deep penetration of oxygen into bottom sediments and in the conditions of
reduction-oxidation processes there, and is reflected in the course of the total complex of physical-
chemical processes in the upper layer of the sediments.

Diffusion of oxygen Cκ(z, t) into bottom sediments of shallow water reservoir, which is ac-
companied by its consumption with the rate proportional to its concentration, can be written in the
following form [7, 11]:

∂Cκ(z, t)

∂t
=

∂

∂z

[
Def

k (z, t)
∂Cκ(z, t)

∂z

]
− ∂

∂z
[Voc(z, t)Cκ(z, t)] + Φκ(z, t). (2.2)
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Function Φκ(z, t) in the right-hand side of (2.2) describes the kinetics of reaction of organic sub-
stances of bottom sediments with oxygen and, according to the mass action law, writes as follows
[9, 11]:

Φk(z, t) = −
m∑

j=1

(
nj−1∑
i=1

kp
ijCij(z, t) + kk

j C0j(z, t)

)
Ck(z, t),

where kk
j and kp

ij (dm3
general/(mgO2 · 24hours)) are the rate constants for the initial and solute

organic substances of bottom sediments for anaerobic decomposition; the reaction is irreversible.
The density of the total flux of solute oxygen in bottom sediments is computed by the formula:

F p
k
(z, t) = −

[
Def

k (z)∂Ck(z,t)
∂z

]
+ [Voc(z, t)Ck(z, t)].

Initial and boundary conditions.
1. At the initial time moment, the vertical distribution of concentration of solute oxygen in the

bottom sediments Cκ(z, t)|t=0 = ϕ(z) is given.
2. At the lower boundary of the anthropogenic layer of bottom sediments with the coordinate

z = L the concentration gradient is zero,
∂Cκ(z, t)

∂z

∣∣∣∣
z=L

= 0.

3. At the boundary “water–bottom” Cκ(z, t)|z=0 = C∗
k(t), where the concentration of the

solute oxygen in the near-bottom water C∗
k(t) can be found like C∗

ij(t) or be of a given value.

2.3. Dynamics of the surface oxidized layer
For estimating the dynamics of the surface of the oxidized layer of sediments let us use the follow-
ing assumptions. On the basis of experimental investigations, it has been shown [11] that under
the boundary of the oxidized layer the content of oxygen solute in the porous solute is small, it
is about C̃min = 0, 5 mgO2/dm3

porous. In this connection, we shall consider the concentration of
oxygen at the lower boundary of the oxidized layer to be practically constant. The time change of
the position of the level line in the sediment corresponding to the given concentration describes the
dynamics of thickness of the surface of the oxidized layer, which is conditioned by variations of
the oxygen content in the near-bottom water H(z, t) = Cκ(z, t)− p(z)C̃min = 0.

The velocity of the lower boundary of the oxidized layer is given by the equation:

dz∗

dt
= −

∂Ck

∂t
∂Ck

∂z
− C̃min

∂p
∂z

∣∣∣∣∣
z=z∗

. (2.3)

The initial position z∗(t)|t=0 = z∗0 is determined by the initial vertical distribution of solute oxygen
ϕ(z).

2.4. Numerical method
In the general case, we obtain a boundary-value problem (2.1), (2.2) for the equations of parabolic
type with the boundary conditions imposed on moving boundaries (2.3), the boundary “water–
bottom” and the boundary of the oxidized layer of bottom sediments. For discretization with
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respect to the spatial variable we use an upwind finite difference scheme for the convective terms
and central differences for the diffusion component [4].

The principle of frozen coefficients [4] allows one to separately solve the problem for the dis-
tribution of solute organic substances and then to determine the location of the moving boundary.
We consider iterative method of Richardson[4]. Suppose the time segment [T0, T1] is decomposed
into intervals (tn−1, tn), within which the system’s coefficients satisfy the conditions of stability
and convergence. As the basis of numerical implementation of the problem on the time interval
τ = tn − tn−1 we take the explicit scheme of local iterations LI-M [5, 6]. Results of computations
conducted for test examples have shown that this scheme for parabolic equations of molecular
diffusion with constant coefficients is stable [8].

3. Results of computations for bottom sediments
Consider a simplified model example which reflects the real situation. We study one-component
process with respect to lignin substances which form over 61% of the initial composition of bottom
sediments. The process has two stages of disassimilation. Consider the initial data for parametric
identification of decomposition rates.

At the first stage, there are organic substances with the diffusion coefficient D0
1 = 2.95 ·

10−6sm2/ sec (25◦C). We emphasize that this is an approximate value used for test compu-
tations. For comparison, for high-molecular weight mioglobin diffusion coefficient is D0

mio =
4.4·10−7sm2/ sec (37◦C) [10]. At the second stage, low-molecular organic substances are formed.
Their molecular mass is close to the ion of hydrogen carbonate. It has the coefficient of molecular
diffusion D0

2 = 11.8·10−6sm2/ sec (25◦C) [11]. The coefficient of molecular diffusion for oxygen
is accepted equal to D0

k = 23.0 · 10−6sm2/ sec (25◦C) [17].
Variation of oxygen concentration in the near-bottom layer is given by the equation C∗

k(t) =
9, 02 · (1 + cos(πt/30)) mg/dm3. The values larger than the amplitude of variations are cut off.

The constant of sorption in the upper oxidized layer is two times as large as the value of sorption
in the lower anaerobic layer for all the products of chemical decomposition

Ka
i (z, t) =

{
10, 0 ≤ z ≤ z∗(t)
5, z∗(t) ≤ z ≤ L

.

The rate of chemical decomposition of the initial organic substance is different under anaerobic and
aerobic conditions. It differs approximately two times. The sedimentation rate, estimated through
the thickness of the layer of bottom sediments, is approximately 15 mm per year.

The rate constants of the two-stage process were determined from the results of parametric
identification, for the solid organic substance k0 = 0, 00042 1/24h, for the solute organic prod-
ucts of anaerobic decomposition kp

1 = 0, 012 dm3/mg · 24h, kp
2 = 0, 024 dm3/mg · 24h, the

coefficients of anaerobic decomposition β1 = β2 = 7, 5 mg/dm3. Fig. 1 shows a sufficiently good
correspondence of the numerical simulations and experimental data within the limits of measure-
ment errors of 10–15%.

The results of computations given in Fig. 2 show that during transient processes related to
variation of oxygen concentration in the near-bottom layer of water, the value of the total flow of
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Figure 1: Comparison of numerical simulations with the experimental data for a a two-stage pro-
cess of chemical decomposition. Relative error is from 10 to 15%. Layers of bottom sediments of
approximately equal thickness ∼ 60–65 cm, the distance between them being ∼ 1200m) samples
of ground columns taken in a bay of the reservoir [8]. Diagram (d) numerical and experimen-
tal results for “the near-bottom layer of water” of thickness of 0.02 m (dotted line). The figure (a)
shows the concentrations of the first (dotted curve) and the second (dashed curve) stages of organic
disassimilation, and shows theirs sum (solid curve).
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solute organic substances from bottom sediments substantially growth. The first maximum, which
shows a substantial increase of the flow, is related to occurrence of anaerobic conditions. The
second maximum is smaller, it corresponds to diffusion of oxygen into the near-bottom layer.

In this case, the total value of the secondary pollution of water increases. Consumption of
oxygen by bottom sediments does not exceed 100 mg of solute oxygen per a square meter during
24 hours.

Fig. 3 shows the damping influence of “the near-bottom layer of water” (of thickness only
0.02m) on the bottom sediments: the source of secondary pollution. The value of maximum flow
of solute organic substances decreases approximately by 3 times and, consequently, the biogenic
load on the water reservoir is reduced. Consumption of oxygen by bottom sediments is reduced by
approximately 2 times. The situation is more explicitly shown in Fig.1d, where it is clearly seen
that the behavior of the concentration curves in the pore-filling solute and in the near-bottom layer
of water differs inside this layer. The gradient of concentration decreases.

Figure 2: The value and the direction of diffusion flow of solute organic substances (thick solid
curve) and oxygen (dotted curve) at the boundary of bottom sediments, the thickness of the near-
bottom layer being zero. The computations have been conducted for the example of two-stage
disassimilation of the organic substance in bottom sediments. There is flow of substance for the
first (thin solid curve) and second (dashed curve) stages of organic disassimilation.
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Figure 3: The value and the direction of diffusion flows of solute organic substances (thick solid
curve) and oxygen (dotted curve) at the boundary of the “near-bottom layer” with the thickness
0.02 m. The computations have been conducted for the example of two-stage disassimilation of
the organic substance in bottom sediments. There is flow of substance for the first (thin solid curve)
and second (dashed curve) stages of organic disassimilation.
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4. Conclusion
In this work, we study macro-kinetic processes in bottom sediments of water reservoirs with a
water-saturated porous medium of variable porosity with respect to the depth of sediments. We
describe consumption of oxygen by water sediments, multistage decomposition of organic sub-
stances, distribution of the products of disassimilation in pore-filling solutes. Instead of the con-
ception of the barrier oxidized layer of bottom sediments, which prevents free diffusion exchange
of solute substances with the near-bottom water, we have considered the concept of transient pro-
cesses in sediments of water reservoirs with temporary lack of oxygen. Formation of diffusion
flows of solute substances, which arise in sediments of a shallow water reservoir under quasi-
periodic changes of conditions at the boundary “water–bottom” and in the near-bottom layer of
water, has been investigated and described. To obtain a more plausible estimate of the secondary
pollution related to transient processes it is necessary to estimate the whole complex of external
influences on the water reservoir, while employing more advanced techniques of sampling of near-
bottom water and bottom sediments would allow one to avoid disrupting the sample structure.

The results of computations give evidence that stationary models allow parametric identifica-
tion of the parameters of the mathematical model on the basis of experimental data. Meanwhile,
within the frames of non-stationary models, which describe transient processes, it is necessary to
find an optimal combination of external impacts such that it would allow one to plausibly estimate
the value of maximum flow of solute organic substances of anthropogenic origin from bottom sed-
iments and assess the maximum possible biogenic load on the water reservoir. In course of further
investigations of material exchange inside the system “water–bottom” it is necessary to conduct
quantitative assessment of influence of both stirring-up and activity of zoobenthos organisms, as
well as assessment of influence of their density on the flow of solute substances, while considering
these as a part of the complex of external influence on the processes in bottom sediments.
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