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BILTUB ®ISHYHHUX [ OKEAHOTPADIYHUX ®AKTOPIB HA PO3ILIUPEHHA
30HU 346PYIHEHHA KACIIIHCHKOI'O MOPA (IIIBHIYHO-CXIJHA ITIPUFEPEKHA 30HA
A3EPBAUIDKAHY)

Mema - BUBYMTH IOIMPEHHS 3a0pYAHCHHS, CIPHYNHEHOTO IPUPOIHUMH Ta aHTPOIIOTEHHUMH (DaKTOpamH, B
akBaropii Kacrmilickkoro Mopsi, HaiOUIBIIOTO 3aKpUTOro OaceiiHy CBITYy, 3a (I3MYHMMH Ta OKeaHOTpadiYHUMH
(axTopamu.

Memooduxka. Y cTaTTi BAKOPHCTaHO METOM OOPOOKH CTAaTUCTHYHUX MOKA3HHKIB Ta 00pano meron bpykca-Koxa
JUIsL pO3paxyHKy BucoTH migiomy (AHO) ctiunux Box y cTpaTi]iKoBaHOMY CEpeIOBHILI.

Pesynomamu. B akBatopii Asepbaiijxancekoi PecryOniku 3a0pynuennst Kacmilicbkoro mopst HaiOinblie
BiZI0yBaeThCs Ha ANIIEPOHCHKOMY MIBOCTpOBi. OCHOBHA MPHYHHA I[HOTO MOJISITa€ B TOMY, 110 TEPUTOPis Oarara 3armacamu
HapTH 1 Tazy, a TakoX Oararo HapTOBHAOOYBHUX mimmpueMcTB. KpiM mnpupomHmx (akTopiB, Takux 5K BiTep,
TeMIepaTypa i Tedii, Ha HOIINPEHHS 3a0pyIHEeHOT HAQTOK MOPCHKOT BOJH TaKOX BIUIMBAIOTH aHTPOIIOI'CHHI (haKTOPH.

B pesynbrarti aranizy ¢izuuHEX 1 okeaHOTpadivHNX (HAKTOPIB MU BU3HAYMIIN, IO TIIHOMHA CTIYHUX BOJ IPH IX
CKHZaHHI B MOpe MoBUHHA OyTH Oinbie 70 MeTpiB. OCHOBHOIO MPHYUHOIO IBOTO € T, 0 CKUHYTI HA TIHOWHY CTidHI
BOJIY 3MIMIYIOTECS 3 XOJIOJHUMH, a 3 YaCOM 1 BaKKMMHU NPHIOHHUMH TedisiMu. Konu cTiuHi Boau, 3MilIaHi 3 YHCTOIO
MOPCBKOIO BOJOKO, MiTHIMAIOTECS HA MOBEPXHIO, BOHU IPOJOBKYIOTh 3MIIyBaTUCS B IPOMDKHUX IIapax, OCKIIbKH 1X
Bara Bakua, HK map Hajx HuM. OCHOBHA ITPUYMHA, YOMY Iie BiiOyBaeThcs suine B KacmificbkoMy MOpi, OJISIrae B TOMY,
110 TeMIIepaTypa MOPCHKOI BOAM MiJBHIIYETHCS, @ HE 3HUKYETHCS 3 TIIMOHHOIO.

Toit axT, 1o KoedilieHT TypOyJISHTHOTO MepeMilllyBaHHs, PO3PaX0BaHUK JUIS i TBEPHKEHOT B CTATTI IO,
cranoBuTh 104-106, cBiqUuTh MPO Te, IIO IyJbCAIlisl KOHIECHTPAIll MOCHIIOETHCS 31 30UIBIICHHAM JiaMeTpa OCaay
CTiuYHMX BoJ. Taka cHTyallisl CTBOPIOE YMOBH ISl 3MILITYBaHHS CTIYHOI BOJH 3 HABKOJIUITHBOIO BOJIOKO.

Haykosa wnosusna. BupueHo BB (i3myHHX 1 okeaHorpadiyHMX (aKTOpiB Ha 3MiHY, PO3IIUPEHHS i
MOTIIHOJICHHST TUIONII CTiYHUX BOX B akBaTopii Kacmifickkoro mopsi. Takoxk po3paxoBaHO KoedimieHT TypOyIeHTHOT
mudys3ii 3a0pyTHEHHS B IPHOEPEKHIX 30HAX.

Knouosi croea: BOMOTOKH, CTIUHI BOJH, OYUCHI CLIOPYAH, 30HA 3a0pyJHEHHS, TypOyIeHTHA Ou]y3is.
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THE EFFECT OF PHYSICAL AND OCEANOGRAPHIC FACTORS ON THE EXPANSION OF THE POLLUTION
AREA OF THE CASPIAN SEA (NORTH-EASTERN COASTAL ZONE OF AZERBAIJAN)

Aim. Our main goal is to study the spread of pollution caused by natural and anthropogenic factors in the water
area of the Caspian Sea, the largest closed basin in the world, according to physical and oceanographic factors.

The methodological basis of the article. The article uses methods of processing statistical indicators and selects
the Brooks-Koch method to calculate the rise height (AHo) of wastewater in a stratified environment.

Results. In the water area of the Republic of Azerbaijan, the pollution of the Caspian Sea occurs mostly in the
Absheron Peninsula. The main reason for this is that the area is rich in oil and gas reserves and there are many oil
production enterprises. In addition to natural factors such as wind, temperature and currents, anthropogenic factors also
influence the spread of oil-contaminated seawater.

As a result of the analysis of the physical and oceanographic factors, we determined that the depth of sewage
should be more than 70 meters when it is discharged into the sea. The main reason for this is that the sewage dumped in
the depth is mixed with the cold, and with time, heavy bottom currents. As sewage mixed with clean seawater rises to the
surface, it continues to mix in the intermediate layers because its weight is heavier than the layer above it. The main
reason why this happens only in the Caspian Sea is that the temperature of the sea water increases instead of decreasing
with depth.

The fact that the turbulent mixing coefficient calculated for the area confirmed in the article is 104-106 shows
that the concentration pulsation intensifies with the increase in the diameter of the sewage sludge. This situation creates
conditions for the mixing of waste water with the surrounding water.

Scientific novelty. The effect of physical and oceanographic factors on the change, expansion and deepening of
the area of sewage in the Caspian Sea water area was studied. Also, the turbulent diffusion coefficient of pollution in
coastal zones was calculated.

Keywords: streams, sewage, treatment plants, pollution area, turbulent diffusion.
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Introduction. Nature is considered the pinnacle of the living world, and excessive human activity leads
to environmental degradation. The ruthless use of natural resources given by nature, harmful wastes thrown
into nature, hundreds of thousands of extraneous artificial substances disrupt the natural balance of water, soil,
forests and atmospheric air [6]. Some natural and anthropogenic factors that occur in the Caspian Sea and on
its coast have a great influence on ecological processes. Over the past 100 years, the fauna and flora of the
Caspian Sea have been significantly reduced, some have been completely destroyed, large areas have turned
into "dead zones". Petrochemical and metallurgical industries, the processing of non-ferrous metals, thermal
power plants, the burning of household waste, motor vehicles and other factors play an important role in the
pollution of the Caspian Sea [7].

Current climate changes: pollution and level fluctuations of the Caspian Sea affect its ecological
condition, as well as the living conditions of the population living in the coastal zones of the sea [1,2]. The
ecological system of the Caspian Sea is a single natural complex consisting of two components - environment
and biota. The water masses of the Caspian Sea are formed as a result of the influence of continental currents
and sea surface evaporation. The formation and movement of water masses, as well as the change of the sea
surface, is a single process that takes place from the surface to the bottom from north to south. The main reason
for the pollution of the Caspian Sea is local pollution from various sources. The basis of the pollution of the
Caspian Sea from the coastal strip is caused by the uncontrolled (without treatment and neutralization)
discharge of waste water formed in large oil enterprises into the organized streams.

Research methods. Methodological bases of the article are the processing methods of statistical
indicators, and the Brooks-Koch method is used to calculate the height of the sewage head (AHo) in the
environment.

In the presented article, the sources of pollution available in the coastal zone of the Absheron Peninsula
and the devices used to clean them are studied. The effect of physical-oceanographic processes on sea currents
was also studied, and the linear dependence of the rising rate of wastewater from the depth of the sea to the
surface was analyzed.

Analyzes and discussions. The article discusses the sources of pollution in the northeastern coastal
zones of the Caspian Sea and the degree of their influence on the ecological state of the sea. [3]. At the same
time, the characteristics of the power and operation of treatment plants in the coastal zones of the Absheron
peninsula of the Caspian Sea are studied. The influence of deep-water physico-oceanographic processes on sea
currents is studied. The linear dependence of the rising rate of wastewater from the depth of the sea to the
surface is described.

Climate changes occurring on Earth (drought, continuous rains, abnormal temperature changes) have
their effect on all living and natural world. From this point of view, the role of water bodies in the existence of
life on our planet is huge. Climate changes occurring in the world also have their effect in our republic. So,
from the 1990-years until now, the level of the Caspian Sea has risen and fallen several times, so that such
natural phenomena to the flora and fauna of the sea has shown its impact dramatically. The current state of the
Caspian Sea shelf along the coast requires a number of measures.

As you know, there are the following methods of disposal of waste in the sea:

* prevent discharging untreated sewage into the sea [6];

* total elimination of waste on land to prevent dumping of waste into the sea or

purposeful (in watering greens) being used;

» passed through complete cleaning (norm and according to standards) discharge of waste water into the sea.

Operation of treatment facilities operating in the territory of the city of Hovsan. Hovsan is registered
as one of the main polluting sources in Absheron territory. In addition, oil pollution is mainly caused by the
inefficient operation of unserviceable cleaning facilities operating in oil refineries. Due to the improper
management of wastes (production water, oily mud, drilling mud, etc.) formed in the onshore oil field under
the State Oil Company of the Republic of Azerbaijan "Azneft" PU, thousands of hectares of land were polluted
with oil and hundreds of large and small oil ponds were formed, hundreds of hectares of territory were
swamped and caused a sharp disturbance of the ecological balance. One of the main reasons for oil
contamination of land areas in the production area of oil and gas extraction departments is the lack of timely
and current maintenance of the equipment and communication lines.

As the drilling mud formed in the oil drilling area accumulates around the drilling wells or is buried in
the area, it causes oil contamination of the soil and leads to an increase in radioactivity in that area.

The following are important for reducing pollution in the Caspian Sea:

* Prevention of the untreated discharge of waste water formed in large industrial enterprises (NQCI,
Oil Refineries, Chemical industrial enterprises, etc.) into the streams connected with the Caspian Sea;

* Replacing the equipment used in oil and petrochemical enterprises with those that meet modern
requirements;
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* Replacing the hydrotechnical facilities operating in the open sea and under the control of the NGCls,
which have been in continuous operation for a long time, with facilities that meet modern requirements;

* Underwater laying of communication lines intended for the transportation of oil, passing through
piers and pier platforms;

« If 0il pollution is detected, immediate action should be taken to eliminate it.

In modern times, the role of biological treatment facilities in preventing pollution of the Caspian Sea
is of great importance. That is, complete biological treatment of wastewater lowers 80-85% of organic
pollutants in them. However, discharge of wastewater into the sea after treatment both must be strictly
controlled and this process science must be learned properly. On the other hand, one of the main directions is
the study of the process of partial self-cleaning of the sea from waste, and on its basis acceptable waste limits
are set. The term "self-cleaning" The term "self-cleaning” includes a complex of the following factors:
physical-oceanographic, biological and physical-chemical. Maximum self-cleaning of water for the specified
parameters can be obtained during discharge only The maximum self-purification of waters according to the
indicated parameters is possible only during discharge into the sea at great depth and at a long distance. At
present, in the coastal zones of the Apsheron Peninsula of the Caspian Sea (the coast Modular devices installed
by ETSN, as well as biological devices operated on platforms (including facilities) dozens of biological
wastewater treatment facilities have been installed. And if their operation is not strictly controlled, sea pollution
occurs in areas along the Absheron Peninsula, as well as the beach. When installing biological treatment plants,
it is important to know the place of their exit to the sea and injection line length.

Thus, the main feature of the deep discharge of treated wastewater is the maximum use of natural
oceanographic factors, more precisely, hydrotechnical systems, density stratification of the thickness of the
water layer, turbulent diffusion and exchange, hydrochemical and biological regimes of the basin using
engineering devices, etc. sea [4,5].

It is known that the discharge of water in the treatment plant operated in the territory of Hovsan is
planned at a distance of 3 km from the coast and at a depth of 7-8 m. However, due to certain reasons, the
works have been left unfinished, and now the treated sewage is being thrown into the sea through the
emergency line of the station. The opening of the Hovsan Aeration station outlet to the seabord and the flow
distance is small. The neutralization process with chlorine cannot be completed in untreated wastewater. This
has a negative effect on biodiversity of the Caspian Sea in that area.

Based on the analysis of physical and oceanographic factors we suggest dumping the sewage to a depth
of not less than 70 m (in the south-east direction). The density stratification of sea water is more favorable for
such deep currents. Under these conditions, sewage water dumped to a depth of 70 m and then is first mixed
with cold, then heavy bottom currents. As the resulting mixture rises from the bottom to the surface, it becomes
heavier than the layer of water on the surface. This means that such mixed water continues to mix in the
intermediate layer. On the Absheron shelf, the density of layers is more noticeable, with temperature gradients
sometimes up to 5°C per 1 m. This situation is not observed in other seas. In conventional density at depths of
70 m and more, it is 1.5+2.0% more than at the surface of the sea. Such layers are observed throughout the
year for 8-10 months, at depths of 100 m and more [3]. First, the case when horizontal flows are not
transferred (U=0) is considered for the most unfavorable case of the sewage head height. To solve the problem,
specific initial values of waste discharge are accepted. The capacity of the treatment plants put into operation
is 400 thousand m?/day and the capacity of this facility in the project can grow up to 600 thousand m?3/day.
Therefore, calculations were made according to Q=4.6 and 6.9 m?*/s. However, the main conclusions and
suggestions are made based on Q=6.9 m?s. Height of water (AHo) at rest is calculated differently in a stratified
environment. We choose the Brooks-Koch method, which is more suitable for our conditions and is expressed

as.
40, 0,-0
3 _ o
Ao = Jg (do, 1dz)™

Here & is the dimensionless parameter of the height of the water jet, which is on average 2.7; a is the
inclusion parameter of the surrounding liquids in the rising slag (according to Fehn a=0.82+0.093); qo-string
is the flow rate of the liquid ejected per unit length of the source; 64, 61, Go-conventional densities of wastewater
at the discharge depth of sea water, at the height of the water layer; on the z-source; doo/dz-density gradient
(vertical); g is the acceleration of gravity.

As expected, along the depth of the sea since the salinity of the water does not change, the conditional
density is determined according to the temperature profiles. The density of runoff water is taken as pe=1.0. In
the formula (1), coefficient k is added to the above values of the constant. For linear sources, this coefficient
should take into account the ripples interference. A A report was then carried out for different flow conditions.
a) 1 jet stream (point source);

M)
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b) discharge in the form of a linear source.

Flow through a diffuser with various holes n=10,100. Report was carried out for all ranges of
conditional density (Fig. 1). The optimal depth of water flows and the number of holes can be determined for
a linear source according to the constructed graphs of analysis of average prices of Q and n and also different
values of dp./dy for seasons and months.

Analysis of the distribution index by months of dp./dy and the graph in Figure 1 allowed to find the
height of ascent of wastewater for the months of the year (Figure 2a) in Hovsan district. There is no flow in
very few cases. The flow system that mixes the wastewater is one of the main deep sea waste factors. Usually,
as you go from the coast to the open sea the speed of the currents increases. The analysis indicators of
observation experiments shows that the proposed waste water discharge area is located mainly located in the
zone of the south direction of currents.

The place of the shedding in the zone of main currents is explained as follows:

K,m
z=80
n=1
n=10
dpldz i~
0,001 0,01 0.1

Fig.1. The change of lifting height of wastewater depending on dpo/dy gradient in a stable condition: the
number of pulses of the linear source

a) Wastewater will be constantly and intensively removed from the place of discharge, that is, there will be
no process of settling of these waters through accumulation.

b) In this zone, the waste water comes into contact with the surrounding clean water and mixes with them
quickly. It should be added that the stability of flows is noted in the indicated region. We have used the
method presented by Zats to calculate the effect of flow velocity on the lifting height of wastewate [1].
Here, the lifting height AH of wastewater in the moving medium (n>0) is determined according to the
following rule:

AH =Ky AHo, 2
Here K- is a function which depends on the speed of the flows
The function K,=f(u) is shown by the following expressions:

K=1-0,67u %6 (3)
Kw~1-0,93u %4 4
for the case if the expression (3) differs little from the density of the environment of the linear source ; (4) is
for certain average situation.
Then expression (2) will be as follows:
AH~(1-0,67u®%)- AHy (5)
AHy ~(1-0,93u’#): AHo (6)
Here, AHo is determined from the expression (2).
Reports were made for outputs from both 1-port and 10- and 100-port linear diffusers. The obtained results are
shown in figure 2.

a)
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Fig.2. The change by month of lifthing height in different conditions during the discharge of wastewater in
the Absheron shelf of the Caspian Sea

Conclusion: The results of the analysis show that a one output discharge is not appropriate.

Because, at this time the linear source can reach the water surface in a stable environment during 8
months of the year and during 6 months of the year taking into account the flows (fig 2).

Non-linear and with 10-hole output rise to the surface of the water for a stable environment the duration
is 4 months, and it is 2 months taking into account flows. For warm months, the maximum rise does not exceed
40 m (from the seabed), a 100-hole linear outlet is considered more convenient, because the linear source of
the waste water is suitable for a stable environment, but also to control the speed of the currents.

The maximum climbing height is 20-30 m for the summer months and and it does not exceed 50-60 m
for the winter months. Favorable oceanographic conditions also include a sufficient increase in horizontal
turbulence with distance from the coast. The coefficient of turbulent diffusion plays a key role in the process
of mixing wastewater. Therefore, in our study, we paid special attention to this issue. The average value for
these parameters in the region that we represent is twice the estimated price. This is primarily due to the fact
that the speed of the currents increases with distance from the coast and the scale of whirlpools increases. This
ratio is calculated according to Richardson's "4/3 law": R= Cegel*?

Here C is constant, ¢ is dissipation rate of turbulent diffusion and is 6°102 sm? according to our
estimate. The determination of such regularity is very important in the modeling of pollution processes.

The value of the turbulent mixing coefficient in the presented region was calculated by statistical
methods and ranges from 104 to 106. The results of the experiments conducted on the diffusion of mixtures
artificially thrown into the sea in the presented region showed that the pulsation of concentrations intensifies
with the increase in the diameter of the linear flow [2]. This situation creates conditions for the mixing of
wastewater with the surrounding water.

Theoretical and practical significance. Seabed topography in the represented region well suited for
this task. The slope of the surface is close to 7°. This is one of the most difficult sections of the bottom of the
Caspian Sea.

This tendency creates conditions for the discharge of heavy mixtures into the sea.
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Finally, we note that the area that we provide for waste disposal is an experimental one, based on an

analysis of our indicators and the available hydrological data of this region. Here, the main role of biological
and chemical factors in the self-purification of waters was not taken into account.

Therefore, the proposed article does not respond to the complete solution of the issues as a whole.

Here, only a part of the issues of important environmental importance and scientific interest have been
considered.

Therefore, the proposed article does not respond to the complete solution of the issues as a whole.

Here, only a part of the issues of important environmental importance and scientific interest have been
considered.
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