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Summary 

 
This scientific article contains research material to address the problem of the 

storage of man-made wastes and reduce their negative impact on the environment. 
The results of experimental and field studies of the storage area of technogenic phos-
phogypsum dumps and the impact of dumps on the environment are presented. Rec-
ommendations for environmentally sound storage and disposal of waste are given. 
The recommendations on the design of protective drainage for the interception of 
highly mineralized waters with the aim of preventing contamination of soil and 

groundwater in the area of technogenic dumps are given. 
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Introduction 

Ensuring the ecologically safe existence of all natural objects is 

one of the major problems of our time. This provision is in no doubt, 
especially as the adequate solution of this issue and its subsequent 

implementation will provide not only comfortable living conditions 

and optimal sanitary and hygienic conditions of their production ac-
tivities, but also the very existence of the biosphere. That is why envi-

ronmental security is now regarded as an integral element of national 

security, which is very relevant for all countries of the world [1]. 

Ukraine is no exception in this regard, and environmental prob-
lems affecting all its regions are no less, and sometimes more acute, 

than in other countries of the world, as the current state of the envi-

ronment in our country is beginning to take on negative properties, 
becoming immediate. a source of threat to the biosphere itself, as well 

as to the health and even life of its citizens. The main reason for this 

situation is all the same: excessive man-made load on natural objects 

without the proper level of environmental responsibility of those who 
control the development of production, which is increasing the cur-

rent economic state of the state. Due to this, the rate of environmental 

degradation, and not only within the direct impact of specific enter-
prises, begins to exceed (and in some areas has already exceeded) the 

adaptive capacity of its components [2]. 

Given the scale and significance of the problem of industrial waste 
in Ukraine, there is a need to justify the parameters of localization of 

groundwater contamination and develop engineering methods aimed 

at improving the environmental situation and reducing the incidence 

of population within the impact of waste heaps of various industries. 

Object and objectives of the study 

The object of the research is phosphogypsum dumps near the pro-

duction site of Rivneazot PJSC. They are a serious threat to the resi-
dents of Rivne and the surrounding villages, as well as the entire 

Goryn river basin. It is a waste of the fourth class of danger, which is 

represented mainly by phosphorus oxides accumulated in phos-
phogypsum dumps. 

Laboratory studies of phosphogypsum have shown that in terms of 

dry matter, it contains 94% CaSO4, 1.8 undigested apatite, 1.8 phos-

phoric acid, 0.22 silicic acid, 1.92 insoluble residue, up to 1% iron 
and aluminum oxides. [3]. 
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The dumps cover an area of 58 hectares and their total amount is 

15.3 million tons [4]. The solution to the problem of industrial waste 

disposal in Rivne region depends to a large extent on how successful-
ly this problem will be solved at this site. 

For these environmentally hazardous dumps and most similar 

sites, it is common that the waste is stored outdoors. Due to the filtra-
tion of precipitation through this object, harmful substances get into 

the ground water, which leads to contamination of the soil adjacent to 

the object territory. For a long time such storage, not only dumps or 

waste heaps of mining, but also adjacent territory become environ-
mentally dangerous. This factor should be taken into account when 

designing measures that will ensure environmentally-safe operation 

of open storage facilities for mining and other industries. 
Therefore, finding ways to prevent contamination of soil and 

groundwater from the effects of phosphogypsum dumps, processing 

and disposal of phosphogypsum are important and urgent tasks.  

Results of experimental and field studies. 
The analysis of the object of study, which included topographic 

surveying, determination of chemical, mechanical composition of soil 

and groundwater, water-physical properties of soil of the adjacent 
territory was carried out in the work. [4, 5]. The level of morbidity of 

the population living in the territories adjacent to the waste heaps is 

analyzed [6]. As a result of the studies, the degree of soil and 
groundwater contamination was determined. 

It has been confirmed that phosphogypsum dumps cause soil and 

groundwater contamination that spreads towards the river. This is 

evidenced by the nature of the distribution of pollutants in the soil: 
less value of the mass fraction of dry salt residue in the upper soil 

layers (depth 1-3 m) and greater value at the level of groundwater 

deposition (depth > 3 m) [5]. 
According to experimental studies, not only the phosphogypsum 

dumps themselves, but also the adjacent territory are the source of 

contamination. Due to the wind erosion of the dumps and the transfer 
of groundwater contamination, the soil contamination in the radius of 

1 km around the dumps exceeded the limit values. Nitrate content in 

the soil exceeds the maximum permissible concentration and ranges 

from 30 to 90 mg/dm3
 (MPC - 45 mg/dm

3
). The content of chromium 

in the soil is 3.0-6.0 mg/dm
3
 (MPC - 1.0 mg/dm

3
) [7]. The content of 
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manganese in groundwater within the study area in all samples ex-

ceeds the MPC (0.1 mg/dm
3
). The area with solid manganese content 

in groundwater of 50-300 mg/dm
3
 is allocated directly on the territory 

of the landfill site. Iron content in groundwater - is in the range of 

2000-1000 mg/kg (MPC - 0.3 mg/dm
3
). In groundwater, petroleum 

products were detected and amounted to 4.3 mg/dm
3
 (MPC - 0.3 

mg/dm
3
). The content of lead, zinc, copper, cadmium, nickel, cobalt, 

nitrite in groundwater is generally higher than the MPC [8, 9]. The 

results of chemical analysis of water samples taken from the site 

show the mineralization of water 8.3 mg/dm
3
 [5]. 

Analyzing the results of the research, we can conclude that in the 

experimental site there is filtration of highly mineralized water from 

the territory of phosphogypsum dumps, which leads to contamination 
of soil, groundwater and waters of the Goryn river [10]. As a conse-

quence, it has a negative impact on the health of the population: the 

incidence rate in the phosphogypsum waste heaps has increased by 

30% compared to 1999 and 2019 [6]. 
Given the results of experimental and full-scale studies, finding 

ways to prevent contamination within the impact of man-made dumps 

is an extremely important task. 

Recommendations for environmentally safe storage and dis-

posal of phosphogypsum dumps 
On the basis of full-scale, experimental researches and mathemati-

cal modeling, recommendations for environmentally safe storage and 

disposal of phosphogypsum dumps [13] have been developed, which 

include three stages:  
engineering scheme for intercepting contaminated water from the 

territory of phosphogypsum dumps; 

coating of phosphogypsum dumps with a protective polyethylene 
film, followed by powdering with a fertile soil layer and planting; 

processing of phosphogypsum into building materials. 

Engineering scheme for intercepting contaminated water from 

the territory of phosphogypsum dumps.  
The scheme is presented in Fig. 1. In the area around the dumps it 

is proposed to have a collector-drainage network (1, 2) which will 
intercept and divert contaminated groundwater to treatment facilities 

(14) of Rivneazot PJSC, which are located at a distance of 5 km from 
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the territory of the object of study. In order to intercept contaminated 

water coming from the territory of the phosphogypsum dumps, it is 

proposed to arrange hunting channels (3) along the perimeter of the 
object. From the feed channels, the solution is fed to the pump station 

(5) into the storage pool (7), which is located on the dumps them-

selves (4). The pumping station can operate in two modes: main and 
emergency. The main mode is the supply of water to the sump basin, 

the emergency mode is connected with the possible damage to the 

sump basin, then the contaminated water is supplied from hunting 

channels directly to the treatment facilities of Rivneazot PJSC. 

 

Fig. 1. Engineering network of contamination localization within the impact 

of phosphogypsum dumps: 1 - drains; 2 - collector; 3 - hunting channels; 4 - dumps 
of phosphogypsum; 5 - pumping station; 6, 13 - pressure pipeline; 7 - storage pool; 8, 
9 - pressureless pipeline; 10 - drainage well; 11 - precast pool; 12 - pumping station; 
14 - treatment plants 

 

To calculate the parameters of the drainage-collector network for 
intercepting highly mineralized water coming from the phosphogyp-

sum dumps, it was used by O. Oliynyk [14]. The basis of the calcula-

tion is a scheme of a bounded layer, which in the plan has one exter-

nal rectilinear border (Fig. 2). To satisfy the boundary condition on 
the power circuit H = H1 = const at X = 0, when positioned on the 

right side at a distance L from the axis of the runoff, it is necessary to 

place a symmetric source of equal intensity q on the left distance 
from that axis at the same distance. Thus, in order to find a solution to 

this problem it is necessary to summarize the solutions for the drain 

and the source [15]. We limit ourselves to adding up the equation for 
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a two-layer soil, given that by replacing the corresponding coeffi-

cients it is easy to get a solution for soils with more layers. 

Fig. 2. The design scheme of unilateral drainage inflow: 1 - curve of depression; 2 - 
drainage 

 

Since the solution of the problem for the runoff placed at the point 

with coordinates (L, -b) and having a flow q, is expressed by the 
equation. 
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where m0 is the total largest divisor of m1 and m2 

The solution of the problem for the source located at the point (-L, 

-b) and having a flow rate of -q will be as follows 

( ) ( )[ ]{ ( ) ( )[ ] }

( )[ ] ( ) ( )[ ]{
( ) ( )[ ] ( ) ( )[ ] } CbnmyLxbnmyLx

bnmyLxbnmyLxc
r

q

byLxbyLx
r

q
yxH

n

n

+−−++++−+++

++++++−+++−

−−++++++−=

∑
∞

=

2

0

22

0

2

1

2

0

22

0

2

1

2222

1

2ln2ln

2ln)2(ln'
4

lnln
4

),(

π

π
 . (2) 

Summing up expressions (1) and (2), we find the final solution of 

the problem: 

2 

1 
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In order to satisfy the condition H = H1 at X = 0, the constant C 

must be taken to be equal to H1. The pressure HD.on the contour of 

the tubular drain with radius rD is determined from the expression (3), 
substituting into it x = L - rD and y = - b: 
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From formula (4), given that rD < m1 and rD << L, we obtain for 
the consumption q = qD per unit length of the drainage: 
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In the paper using the theory of O.Oliynyk [16], some partial cases 
of drainage arrangement in two-layer soil are also considered, in 

particular at r2 = 0 and r1 = r2. 
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To fully intercept the soil flow, a condition is required /

ДH = 0, that 

is, the head over the drain was zero. 
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For the n-th drainage, the dependence (8) can be rewritten  
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performing the necessary mathematical operations in equation (9) we 

obtain  
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where 
n

Дq  - drainage intensity of the nth drainage, m
3
/s; 

n

ДН  - head over nth drainage, m; 

n

Дr  - the radius of the cross-section of the nth drainage, m; 

Ln -distance from the nth drainage to the power source, m; 
bn -depth of the nth drainage, m. 

Using the obtained dependencies, the necessary parameters for de-

signing the drainage-collector network along the contour of the phos-
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phogypsum dumps were calculated. The calculation scheme is pre-

sented in Fig. 3. For the complete interception of contaminated water 

drainage will be arranged on the sole of the waterproof layer. In order 
to prevent contamination of soil and groundwater, the pressure above 

the drained HD must be equal to 0. In order to maximally intercept 

drainage water, the drainage radius should be such that it can pass the 
drainage flow. 

 
Fig. 3. Scheme for calculating the drainage line device for intercepting soil flow from 
the array of phosphogypsum dumps: 1 - phosphogypsum dumps; 2 - concrete curtain; 
3 - the road; 4 - drainage; 5 - natural groundwater level; 6 - the level of groundwater 
after drainage; 7 - loops; 8 - loam 

 

For more efficient interception of groundwater, horizontal drain-

age can be enhanced by vertical wells [17], which will be unloaded 
into drains (Fig. 4). 

 

Strengthening of drainage by vertical wells is recommended when 
the soil mass from which contaminated water is removed is repre-

sented by soils with low filtration coefficient. 
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Fig. 4. The scheme of interception of contaminated waters by drainage with rein-
forced vertical wells: 1 - phosphogypsum dumps; 2 - concrete curtain; 3 - the road; 4 
- the level of groundwater after drainage; 5 - drainage; 6 - well; 7 - natural groundwa-
ter level 

 

In the construction of tubular drains, as one of the main and defin-

ing components of drainage systems, a particularly important step is 
the arrangement of drainage filters, which provide an increase in the 

flow of water and reliable protection against siltation. The reliability 

and durability of drainage systems is mainly determined by the quali-

ty of construction and the efficiency of drainage filters [17]. 
The systematic analysis of the latest research results and the cur-

rent level of knowledge on the problem of sludge drainage protection 

indicate that one of the most effective and reliable drainage filters are 
bulk ready filters made of organic or a mixture of organic and syn-

thetic fibrous materials (production wastes). The main advantages of 

them compared to thin-layer artificial are: a significant increase in the 
inflow of water to the drainage, the ability to maintain its protective 

properties longer due to the less susceptibility to the processes of 

colmatation (mechanical and hoarding) and the porosity regeneration 

property, cheapness, availability in sufficient quantity, technological 
availability , adaptability to soil, environmental friendliness and 

more. 
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Such protective and filtering materials include straw of cereals 

(wheat, rye, rice, barley, corn), peat, flax, sawdust, chips (especially 

effective coniferous), textile waste (fibers of cloth, carpet production 
mainly synthetic). All these materials can be rationally used to protect 

the drainage from mud. 

Coating of phosphogypsum dumps with a protective plastic 

film, followed by powdering with a fertile soil layer and planting 

In the second stage, it is recommended to cover the phosphogyp-

sum dumps with a protective film, followed by powdering the fertile 

soil layer with the landing of vegetation, which will prevent wind 
erosion and contamination of adjacent territories [19]. 

Polymer films as a material for anti-filtration devices of hydraulic 

structures have several advantages: practical impermeability of the 
material itself and high resistance of polyethylene and polyvinyl chlo-

ride films to aggressive influence of common chemical reagents, high 

deformative ability of films and high material capacity. The ad-

vantages of polymer films should also be attributed to the fact that the 
formation of water retaining elements in them depends little on the 

local conditions of construction. 

Film anti-filtration devices are reliable in operation throughout the 
life of the structure. The reliability of operation is determined pri-

marily by the properties of the polymer film element. These proper-

ties should provide protection against impacts that are possible during 
both construction and operational periods. 

In our case, not only punctures, cuts, but also changes that would 

lead to a violation of the integrity of the films and, consequently, a 

loss of water tightness in the term shorter than the service life of the 
structure, are inadmissible in film anti-filtration elements. 

In the absence of mechanical damage in the film due to its low po-

rosity, water movement through the film is possible only in the form 
of diffusion of water molecules and soluble substances in it. Diffu-

sion water losses, however, are quite small and in our case accepta-

ble. Soil life of up to 100 years of soil coverage. The vegetation that 
is recommended for planting on a meter layer of soil - small bushes 

with sowing grasses. 

Recycling phosphogypsum into building materials 

The third stage is designed for a more long-term perspective - the 
processing of phosphogypsum into building materials [20] (wall 
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blocks, overlapping panels, binders with a strength of more than 500 

concrete) with simultaneous decontamination of phosphogypsum 

from harmful elements and removal of rare-earth metals composition 
of phosphogypsum - up to 1%. Prospects of such works have been 

proved by both Ukrainian scientists and scientists of other countries. 

There are currently several phosphogypsum processing technologies 
for building materials. According to preliminary calculations, the 

profitability of such production is 5.7 times higher than the standard 

profitability. 

Conclusions 
The result of long-term storage of waste from the production of 

mineral fertilizers at PJSC "Rivneazot" is the formation of technogen-
ic waste heaps of phosphogypsum, which amount to 15.2 million tons 

and require a constant increase in the removal of storage areas. 

Toxic waste is stored in the dumps, which leads to contamination 

of soil, surface and groundwater, adversely affecting the health of the 
population. The main factor that causes soil contamination in the ter-

ritory of phosphogypsum dumps is the filtration of contaminated wa-

ter. This is evidenced by soil contamination, which is below the level 
of groundwater 5 to 10 times higher than on the surface. And over 

time, this figure increases. 

Experimental and field studies have shown that the content of ni-

trates, chromium, manganese, iron, lead, zinc, copper, cadmium, 
nickel, cobalt, nitrites and petroleum products in soil and groundwater 

within the study area exceeds the concentration in all samples. 

Recommendations for environmentally safe storage and disposal 
of phosphogypsum dumps are developed, which include three steps: 

- engineering scheme for intercepting contaminated water from the 

territory of phosphogypsum dumps; 
- coating of phosphogypsum dumps with a protective polyethylene 

film, followed by powdering with a fertile soil layer and planting of 

vegetation;  

- processing of phosphogypsum into building materials. 
The paper proposes a method of calculating the drainage-collector 

network for intercepting highly mineralized water coming from man-

made dumps. But the recommendations on the arrangement of the 
engineering network depending on the soil conditions of the territory 

of storage of waste of mining or other production are given. 
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The complex of measures considered allows to solve the problem 

of coordination of relations between production, on the one hand, and 

nature - on the other, will allow to reduce excessive technogenic load 
on natural objects, to provide protection of soils, ground and surface 

waters from the receipt of pollution, and will allow to get economic 

effect from introduction of waste processing technologies. 
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