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Abstract: Identification and ecological diagnostics of the influence of basic load parameters (the cumulative effect of 
air temperature, the amount of precipitation) is a fundamental aspect of the wastewater sludge treatment at drying 
beds. The positive dynamics of atmospheric precipitation and the long-term functioning of natural and technical 
systems for wastewater sludge treatment under the influence of excessive atmospheric moisture does not allow the 
treatment/drying of precipitation, which provokes soil pollution with subsequent diffusion of pollutants into 
groundwater, which leads to the degradation of the natural environment components interacting with drying beds. The 
article is devoted to the adaptation of the process of treatment/drying of wastewater sludge at drying beds. The method 
includes identification of the dynamics of climatic factors of a long-term chronological series, which makes it possible 
to predict the effect of atmospheric precipitation on the wastewater sludge drying. The costs for the implementation 
and subsequent use of the proposed method are absent or insignificant (in the conditions of an increase in usable area 
during the modernisation of existing drying beds) in comparison with the costs of well-known and widespread 
methods of deliquefaction.  
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INTRODUCTION 

Technological problems associated with wastewater treatment 
and, in particular, the disposal of wastewater sludge at drying 
beds do not lose their relevance. In the Russian Federation, only 
a few cities perform wastewater sludge treatment using the 
incineration method, which is more promising, but at the same 
time requires significant capital investment and subsequent 
operating costs. 

Almost 90% of all sludge produced in the country and the 
countries of the post-Soviet space is processed on the drying beds, 
which indicates the scale of the spread of these structures and 
their contribution to the environmental management system as 
techno-natural systems for the wastewater sludge treatment. 

The attractiveness of these structures lies in the technolo-
gical ease of operation and low operating costs. Wastewater 

sludge is capable of absorbing and retaining moisture. The 
amount of moisture is lower than in the thickness in the surface 
zones of precipitation [EL-GENDY et al. 2017; PANDEY, JENSSEN 

2015]. We also can use of ash from the combustion of sewage 
sludge in building materials. However, in Russia this method is 
seldom employed, being rather an exception for laboratory 
installations. 

When atmospheric precipitation falls and comes into 
contact with the wastewater sludge fractions, the specific volumes 
of the latter increase due to swelling. Therefore, the choice of the 
method for wastewater sludge treatment at drying beds is no less 
dependent on the climatic features of the region of change, which 
are complicated by both spatial heterogeneity and anthropogenic 
load [CASAJUS et al. 2016; DAMERT, BAUMGARTNER 2017; DREGULO, 
BOBYLEV 2021a, b; DREGULO, VITKOVSKAYA 2018; JAWECKI et al. 2017; 
NIELSEN, STEFANAKIS 2020; ROSER-RENOUF et al. 2016]. 
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The observed climate change shows that the average annual 
growth of air temperature in Russia during 1976–2014 is 0.42°С 
each ten years, which is 2.5 times higher than the growth of global 
temperature over the same period [KATSSSOV (ed.) 2017]. 
Significant trends are observed in central Siberia – 3.2% in 10 
years. In some areas of the Far Eastern Federal District the growth 
of precipitation exceeds 5% in 10 years [Rosgidromet 2017]. 

Overall, the amount of precipitation in Russia grows (2.2% 
of the normal amount in 10 years), mainly due to the spring 
precipitation, 6% of the normal amount in 10 years [Rosgidromet 
2019]. This is 1% higher than observed a year previously. During 
the 1960–2012 period, on much of the Russian Federation and 
a sizable part of Europe one observed both absolute (up to 8% in 
a decade) and relative (up to 5% in a decade) extremes in the 
atmospheric precipitation [ZOLINA, BULYGINA 2016]. 

Changes in climatic factors have a direct impact on both the 
process of wastewater sludge deliquefaction and the operation of 
techno-natural structures. 

Therefore, it is especially important here to note the 
influence of atmospheric extreme precipitation, both from the 
point of view of possible flooding of silt detention ponds, and the 
washout of loaded and lumped sediment on them. 

The process of wastewater sludge deliquefaction on silt 
detention ponds is a combination of thermal processes and mass 
transfer processes [VORONOV, YAKOVLEV 2006]. 

Organomineral wastewater sludge is a hygroscopic soil-like 
substance that can absorb and retain moisture. The amount of 
moisture is lower than in the thickness in the surface zones of 
watewater sludges. When atmospheric precipitation falls and 
comes into contact with the wastewater sludge fractions, the 
specific volumes of the latter increase due to swelling. 

At the same time, the prospects for the use of solar energy 
and a number of other climatic factors still provide leadership in 
the choice of a method for treating wastewater sludge beyond the 
drying beds. 

The analysis of deliquefaction and compaction of waste-
water sludge at drying beds showed that technical solutions are 
aimed at intensifying the process of sludge deliquefaction at 
already existing structures and do not take into account the 
dynamics of climatic factors as the fundamental basis of the 
process of wastewater sludge and cow dung deliquefaction at 
drying beds [DREGULO 2020; DREGULO, RODIONOV 2020]. Therefore, 
the vast territories of our country require different approaches to 
the technologies used in the wastewater sludge treatment segment 
associated with the climatic conditions of the region, which is 
essentially the goal of this study. 

MATERIALS AND METHODS 

As you know, regional climatic features are a combination of 
physical and geographical factors that determine the trend of 
climate change and the formation of a certain climatic trend, 
changes in which are complicated by both spatial heterogeneity 
and anthropogenic load. 

A method for calculating a drying bed for areas with a warm 
climate, in which the drying time is the main parameter 
[HAANDEN, LUBBE 2007], is used in the foreign practice of 
operating drying beds. 

The mathematical expression for the calculation has the 
following form: 

t ¼
1 � fið Þqiþ 1 � fið Þ þ qr � qd

fe � Ew
ð1Þ

where: t = drying time of WWS (days); Ew = the rate of 
evaporation from the free surface of water, mass/area/time/ mm/ 
month; fe = coefficient used to clarify the rate of evaporation from 
the surface of the sediment; qi = moisture initially present in the 
mass / zone of sediment; qr = moisture derived from precipita-
tion, mass/area; qd = moisture remaining in the dried sludge, 
mass/area; fi and fr = share of qi and qr, respectively, which is 
decanted from the layer. Thus, (1 – fi) and (1 – fr) are the 
proportion of moisture remaining in the sediment. 

The advantage of this method is a mathematical calculation 
model that allows you to accurately predict the time spent on 
sludge drying, thereby helping to optimise the economic costs of 
operating the facilities. The disadvantage of this method is the 
possibility of its application only in the territories of tropical and 
subtropical climates with high uniformity of temperature and 
humidity conditions. 

There is a known method for calculating the sludge area 
taking into account climatic factors, which is the main criterion in 
the mathematical model of the drying bed area [ALBERTSON et al. 
1987]. 

The focus is on the amount of solids in the sludge mixture 
and the value of volatility. The mathematical expression for the 
calculation has the following form: 

A ¼
0:104S 1� Sd

Sd 1� Seð Þ=Se
þ 100P

Ke � Ep
ð2Þ

where: A = drying bed area (m2); S = productivity for solid matter 
(kg); Sd = percentage of dry matter in sediment after decantation 
(%); Se = percentage of dry solids required for final sludge 
removal (%); P = annual precipitation; Ke = coefficient of 
reduction of evaporation from sludge compared to free water 
surface using 0.6 as a preliminary estimate; Ep = moisture 
evaporation rate (cm∙y–1). 

The advantages of this method are the optimised coefficient 
of moisture evaporation from the surface of the sludge mixture. 
The disadvantages of this method are the empirical vapors used, 
which are obtained for a specific climatic zone. Along with this, 
a significant list of empirical indicators, the accounting and 
dynamics of which is not kept in the practice of operating drying 
beds, is unlikely to contribute to their normal operation. 

Now, in Russian practice, Evilevich’s modified method 
[EVILEVICH 1957] is used. This method [SP 32.13330.2012] has 
a certain similarity with, namely, borrowing from EVILEVICH 

[1957] a schematic map to determine the climatic coefficient µ. 
The load on the drying beds in areas with an average annual air 
temperature from +3 to +6°C and the amount of precipitation is 
not more than 500 mm∙y–1. 

Such a long-term method of aging without predicting the 
dynamics of climatic factors leads to a longer process of sludge 
drying and, as a consequence, the loss of the operational 
properties of drying beds [DREGULO 2019]. 

According to the author, the technology described by 
EVILEVICH [1957] and in SP 32.13330.2012 and used in the Russian 
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Federation and the post-Soviet countries up to the present time 
can be optimised by adapting the technological regime for 
wastewater sludge deliquefaction at the drying beds to changing 
natural and climatic conditions. 

The Equation (3) is based on the value of the load, which 
means the volume of sludge mixture (m3) per unit area (m2) per 
year, including the climatic coefficient µ. Where: 
– average annual temperature from +3 to +7°С, 
– amount of atmospheric precipitation 500–600 mm∙y–1, 
– relative air humidity 55–70%, 
– soil surface temperature from 0 to +6°C. 

F ¼
W

H�
ð3Þ

where: F = useful area of the drying bed (m2); W = the annual 
amount of wastewater sludge entering the drying beds (m3); 
H = height of the annual sediment overflow layer (m), according 
to standards; µ = climatic coefficient. 

However, the disadvantages of this method are: 1) the lack 
of a uniform gradation of climatic coefficients within a certain 
factor; 2) the need for data interpolation according to the map 
scheme; 3) an uncertain chronological series of accounting for 
climatic changes. 

The authors admit that the above-mentioned methods of 
wastewater treatment are more efficient provided that some 
requirements are met regarding the wastewater sediments. Their 
inclusion in the article as possible and applicable versions is 
determined by the need to show that actual practices largely differ 
from target parameters (in one case this is the drying time, in 
another the sludge beds’ effective area). However, they are 
essentially different from standards accepted in the Russian 
Federation. Specifically, they neglect the drying time, solid 
particles’ characteristics, the evaporation rate, etc. The compar-
ison of these methods would be possible if the authors had a large 
database of the said characteristics. However, the sludge bed 
operating and designing practice, regulated in Russia by technical 
standards [SP 32.13330.2012], prevents introduction of other 
methods unless they are specified in and governed by sectoral 
documents of the Russian Federation. Unfortunately, this does 
not allow the authors to make a comparative analysis of their 
efficiency. For all that, the authors proceed from the assumption 
that the wastewater sediments treatment technologies used on 
sludge beds can be optimised in compliance with the Russian 
Federation’s national standards. That is precisely the purpose of 
this work. 

The sludge bed optimisation method which we offer 
includes the testing of appropriateness and sufficiency of the 
sludge bed’s effective area depending on the mean annual 
atmospheric precipitation and the mean annual air temperature. 
We also propose modification of the effective area depending on 
the impacts it sustains. 

The dynamics of the mean annual air temperature and the 
mean annual amount of atmospheric precipitation has been 
monitored for 30 years from 1986 to 2015 based on the data 
supplied by the weather stations and stored at Web Aisori-M 
HDDL (hydrometeorological data description language) archives 
of the All-Russian Research Institute of Hydrometeorological 

Information, World Data Center (http://aisori-m.meteo.ru/wai-
sori/index0.xhtml). The temperature and precipitation values for 
determining the climate dynamics (climate coefficient µ) were 
graded using a common range in which a single air temperature 
step was ±4°С, while a single step for precipitation was ±100 mm. 
In a failure to meet the condition µ = 1, which corresponds to the 
temperature (in °C) range of <3; 6> and the precipitation range of 
500–600 mm, the coefficient varied increasing or decreasing 0.1 
[EVILEVICH 1957]. 

RESULTS AND DISCUSSION 

For the time of the creation of this method, the criteria for the 
gradation of the climatic coefficient µ reflected the adequate 
technological parameters of the wastewater sludge treatment. 

At present, the cartographic gradation of the coefficient 
taken in [EVILEVICH 1957; SP 32.13330.2012] is not correct due to 
the fact that climatic dynamics has changed significantly over the 
past 60 years [DREGULO 2020]. At the same time, the spatial and 
temporal dynamics of changes in the amount of precipitation in 
a particular mesoclimatic zone is not provided for by the climatic 
coefficient µ, therefore forecasting and identifying the climatic 
load for dehydration and drying within a certain geographic zone 
of the Russian Federation according to EVILEVICH [1957] and SP 
32.13330.2012 does not allow treatment of sludge due to excess 
atmospheric moisture due to shortage (insufficiency) of the 
usable area of the sludge platform, as an aggregate parameter of 
the process of treatment of sewage sludge, which is in direct 
proportion to on the amount of sewage sludge entering for 
processing and, as a result, leads to littering of silt detention 
ponds, transformation of their areas into a landfill [DREGULO 

2019] and further degradation of accumulated environmen-
tal harm [DREGULO 2020] in the object. 

This is primarily due to the fact that when interpolating the 
data and obtaining the value of the zonal µ, the range of 
precipitation (±100 mm) can vary from 1–2 mm to 98–99 mm 
(for example, 601 mm and 699 mm, respectively), which 
significantly increases the uncertainty in determining the optimal 
load on silt detention ponds and, as a consequence, its 
excessiveness. 

This problem can be solved by preliminary identification of 
the climatic load, where it is additionally necessary to consider 
changes in cyclical fluctuations in atmospheric precipitation and 
determine the degree of deviation of the high-water phase to the 
low-water phase (Kf). After that, it is necessary to determine the 
useful (optimised) area of sludge maps (Fn) to prevent excessive 
watering of wastewater disposal. This is shown schematically in 
Figure 1. 

For an objective assessment, it is necessary to additionally 
consider the degree of deviation (Knc) from the trend in the 
amount of atmospheric precipitation to ensure the controllability 
of the natural-technical systems of silt detention ponds in 
a certain mesoclimatic zone of their location. 

During construction and operation, this problem is due to 
insufficient usable area of drying beds (F) (a process parameter 
that is directly dependent on atmospheric precipitation), the 
amount of waste received for processing (Wp) and heights layer 
of waste sludge filling (H). 
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To optimise the operation of sludge beds we have drawn up 
a map of the climate coefficient’s territorial zoning in the Russian 
Federation based on results of a combined (multi-parametric) 
spatial interpolation of the mean annual temperature and the 
mean annual amount of atmospheric precipitation. 

Map-scheme (Fig. 2) of spatial visualisation is built, the 
climatic coefficient µ unifying the results from values of 
temperature and precipitation (built on the basis of data from 
516 stations in period 1985–2015) where different hatch patterns 
in Figure 2 indicating the value (0.7; 0.8; 0.9; 1.0; 1.1; 1.2; 1.3; 1.4), 
the boundaries corresponding to a specific (calculated) climatic 
coefficient µ are specified [DREGULO 2019]. 

Next, the average annual data sets of the amount of 
atmospheric precipitation Ki for the selected cities are analysed by 
the method of [DROZDOV 1954] of integral-difference curves 
(IDC) according to the Equation (4): 

Ki ¼
Mi

Mn
ð4Þ

where: Mi = the value of this factor (average annual precipita-
tion), Mn = the average value of the series by analogy for the 
selected cities. 

After that, their deviations from the average value are 
determined acc. to Equation (5): 

K ¼ Ki � 1 ð5Þ

Next, an integral curve is plotted by sequentially summing these 
deviations according to expression (6): 

XN

1

Ki � 1ð Þ ¼ f Nð Þ ð6Þ

where: N = number of years (period). 
After that, according to the obtained values. 

The transition from the ordinates to the ordinates of the 
chronological series is carried out through the expression (7): 

K ncð Þ ¼
Kn � Kk

N
þ 1 ð7Þ

where: the ordinates of the integral-difference curve (Kn low- 
water phase and Kk high-water phase) for a certain phase, in the 
interval of N years (Fig. 3). 

Next, the Knc coefficient is determined, which characterises 
the degrown deviation of Kn to Kk (Eq. 8): 

Knc ¼ Kn � Kk ð8Þ

Fig. 1. Diagram of activated sludge pilot plant and photobioreactor of 
microalgae cultivation; source: own elaboration 

Fig. 2. In situ parameters of wastewater; TDS = total dissolved solids; source: own study 
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Next, according to the Equation (3), the approximate useful area 
of the drying bed is calculated. Then the coefficient is calculated 
according to the Equation (9): 

KF ¼ F �Knc ð9Þ

where: KF showing how much it is necessary to change the useful 
area of the drying bed depending on the degree of atmospheric 
precipitation. 

Then the useful area of the drying bed Fn considering the 
coefficient KF is calculated according to the Equation (10): 

Fn ¼ F þKF ð10Þ

Thus, the set of distinctive features characterising the proposed 
invention provides an increase in the efficiency of using the 
sludge platform by intensifying the process of sludge deliquefac-
tion, which expands the technological capabilities of the drying 
beds, allows you to optimise the costs of treating/drying 
wastewater sludge. 

CONСLUSIONS 

Thus, the wastewater sediments treatment quality on sludge beds 
in the Russian Federation can be improved in compliance with 
specifics of the nationally accepted regulations through a prior 
establishment of climate factors, i.e., air temperature and amount 
of atmospheric precipitation that determine the climate coeffi-
cient µ, and influence the spatial and temporal dynamics of the 
amount of atmospheric precipitation in a concrete mesoclimatic 
zone for obtaining values of a sludge bed’s effective area. 

The advantages of the proposed method are: 
1) increasing the load on the drying beds or reducing the usable 

area considering the dynamics of climatic factors; 
2) simplicity of processing the initial information for using the 

proposed algorithm for optimising the operational properties 
of the engineering model of the drying bed; 

3) the ability to adapt the technology to any drying beds; 

4) combination of technology with all known mechanical and 
physicochemical methods of intensifying the sludge treatment 
process; 

5) reduction of operating costs for the use of flocculants and 
other mechanical and physicochemical methods of sludge de-
hydrogenation. 
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