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DEPENDENCE OF SOIL HYDRAULIC CONDUCTIVITY OF THE 
ADOPTED TECHNOLOGICAL SOLUTIONS 

Purpose. The aim of this study is to construct experimental and statistical dependencies filtration coefficient of 
the protected ground, formed by means of horizontal directional drilling, from technological factors.  
Methodology. Synthesis, analysis, mathematical methods. Findings. Analytical and image filtering coefficient de-
pending on soil following technological factors: duration of injection, which is created using impervious screen ben-
tonite powder concentration per unit volume of hardening mortar, and the discharge pressure (discharge) of the solu-
tion into soil. Originality. The regularities of the influence of technological factors (pressure, injection time and the 
characteristics of injection solutions) on the screen filtration coefficient. Practical value. The practical significance 
of the results is the development of new technologies to protect the underground space from pollution in soils with 
solids and lack of impermeable layer on the depth attainable. 

Keywords: impervious protective screens; horizontal directional drilling; bentonite; soil filtration coefficient; 
Experimental statistical modeling 

Introduction 

Analysis of the problems arising from the dis-
posal of the consequences of the Chernobyl acci-
dent showed that the scale of the impact and the 
necessary of financial and technical resources are 
playing a dominant role in the localization of pol-
lution and in the reduction of emission of radioac-
tive substances into the environment [1, 2]. The 
arrangement of anti-contagious protective shields 
by horizontal directional drilling method can be 
used for protection of groundwater from migration 
of contaminants. Numerous methods help to build 
the impervious underground shields, but their 
analysis showed low economic and environmental 
performance. According to these criteria, the use of 
horizontal directional drilling is preferred. The pre-
sent study has a social significance, as it will allow 
protecting the population from the consequences of 
contamination by radionuclide contaminated water. 

The analysis of the literature 

As a result of the analysis of known sources on 
the subject it is concluded that the existing methods 

of the anti-contagious shields arrangement are not 
effective for the localization of radioactive waste [3-
11]. In recent years, several attempts were made to 
develop an efficient technology for such works [7-
9], but the use of horizontal directional drilling for 
groundwater protection shields can be more promis-
ing from an economic or technological perspective. 

The purpose and objectives of the study  

The aim of the study is to construct experi-
mental and statistical dependencies of soil filtration 
coefficient of the shield, formed by horizontal di-
rectional drilling, from technological factors. In 
accordance with the purpose of the following re-
search several objectives were formulated: 

1. To carry out the laboratory research of ar-
rangement of protective shield by horizontal direc-
tional drilling with varying technological parame-
ters of mortar injection. 

2. To build the experimental statistical depend-
encies of shield filtration coefficient from techno-
logical factors by regression analysis of laboratory 
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results with the help of «Compex» software [12, 
13]. 

3. To determine the nature and extent of the in-
fluence of technological factors on the filtration 
rate of shield made by injection. 

Algorithm of the study is shown below: 
1. Statement of research problem. 
2. Substantiation of work areas. 
3. Analysis of the known sources on the re-

search subject. 
4. Development of methods for solving the 

problems and the creation of the necessary labora-
tory equipment. 

5. Obtaining experimental data to study the pa-
rameters of technological modes of injection. 

6. Processing and analysis of the experimental 
results. 

Main part 

Since the main feature of impervious screen is 
its hydrophobicity, which is ability not to let 
through the groundwater, it was decided to use 
such a key indicator of physical characteristic of 
soil as a filtration coefficient. 

The modern technology of horizontal direction-
al drilling was combined with injection process, 
which allows forming impervious horizontal 
shields for contaminated sites. To simulate this, the 
laboratory bench was produced which shows sec-
tion perpendicular to the drill axis, wherein an in-
jection mortar is distributed at different distance 
away from the input under the influence of the op-
erating parameters. Singling out the middle part of 
the section, you can get an idea about the nature of 
soil filtration coefficient change. 

The factors that have the greatest impact on the 
indicator have been identified: 

1Х  – bentonite powder concentration per unit 

of volume of hardening mortar, which changes a 
sandy soil filtration property. This factor is im-
portant because the bentonite-containing mortar 
prevents the penetration of contaminated water 
through injected ground. Considering this, the con-
centration of the bentonite should be sufficient to 
form the shield, which has a maximum capacity of 
hydrophobicity. However, there is a limiting factor 
– viscosity of the injection mortar, which affects 
the penetration of material into the gaps between 
the fine particles of a sandy ground. According to 
sources considered, the permissible viscosity for 

clay and cement mortars is between 26 and 43 sec. 
The viscosity was determined by viscometer 
"Marsh Funnel" with volume of 1000 ml. 

2Х  – discharge pressure (supply) of injection 

mortar in the base soil. Discharge pressure affects 
the range of injection mortar spread in soil. This 
factor is very important in economic terms, as 
modern industrial pumps can achieve more than 
100 bar pressures, at the same time allowing you to 
increase the distance between the horizontally 
drilled wells, which reduces the cost of the project. 

3Х  – the duration of mortar supply, by which a 

shield is formed. Time factor could allow estab-
lishing a direct proportional relationship between 
the injection time and the concentration of active 
substances which affects the properties of impervi-
ous soil shield. 

Laboratory bench, which simulates the spread of 
an injection mortar in the injected soil area, has been 
used in experimental studies. Under the influence of 
variable combinations of technological parameters 
the injection mortar forms a model of the protective 
shield with the different let-through ability. 

Measuring the value of soil filtration coefficient 
in a certain section of the laboratory bench helps to 
determine dependency of the impervious properties 
of the shield from the factor combination used. 

The processing of the received experimental re-
sults (Tab. 1) is performed by regression analysis 
method using «Compex» software [12, 13]. 

As a result of this analysis the experimental sta-
tistical model of filtration rate dependence from 
technological parameters of shield arrangement 
was built (form. 1). 

SFC (m. per day)  =   0,105 +● + 0,212 
X1

2+ 0,123 X1X2  ̶  0,064 X1X3 
̶   0,087 X2 + ● + ● + ●+ ● 

(1) 

The factor impact estimations, deemed indis-
tinguishable from zero, are marked by points in 
this formula. 

Fig. 1 shows the ranking of the degree of influ-
ence of variable factors on the indicator. 

The greatest influence on the filtration coeffi-
cient in the area of maximum indicator values has 
two factors in approximately the same degree: the 
concentration of bentonite powder and discharge 
pressure of mortar. At the same time, the duration 
of mortar supply does not play such a significant 
role in the change of the indicator. 
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Table 1  

The plan and the results of experimental laboratory studies 

No 

Full-scale variables Coded variables Soil filtration 
coefficient 

(SFC), meter 
per day 

1Х   2Х  3Х  1Х   2Х  3Х  

Bentonite  
powder  

concentration 
grams per liter 

Discharge 
pressure of 
mortar, atm. 

Duration of 
mortar supply, 

min. 

Bentonite 
powder  

concentration 
grams 

Discharge 
pressure of 
mortar, atm. 

Duration of 
mortar  

supply, min. 

1 2 3 4 5 6 7 8 

1. 70 5 110 1 1 1 0,37114 

2. 70 5 10 1 1 -1 0,26929 

3. 70 2 110 1 -1 1 0,21114 

4. 10 5 110 -1 1 1 0,07526 

5. 70 2 10 1 -1 -1 0,40124 

6. 10 5 10 -1 1 -1 0,08985 

7. 10 2 110 -1 -1 1 0,80065 

8. 10 2 10 -1 -1 -1 0,36041 

9. 70 3 60 1 -0,33 0 0,34387 

10. 10 3 60 -1 -0,33 0 0,29899 

11. 40 5 60 0 1 0 0,15554 

12. 40 2 60 0 -1 0 0,08977 

13. 40 3 110 0 -0,33 1 0,14669 

14. 40 3 10 0 -0,33 -1 0,17049 

15. 40 3 60 0 -0,33 0 0,04775 
 

 

Fig. 1. Ranking the impact of variable factors on the 
indicator (soil filtration coefficient) 

In the area minimum indicator values, where 
the dependencies are the most significant, the de-
gree of influence of the discharge pressure de-
creased slightly. The degree of the time factor in-
fluence in the considered factor space has de-
creased to the limits that are not significant from 
an engineering point of view. 

These rankings can be interpreted as follows: 

– Bentonite concentration in the mortar plays 
a most important role for the following reasons: the 
conditions of the experiments carried out have en-
abled the most complete way to explore this rela-
tionship in the framework of selected factor space, 
which is confirmed by the nature of the graph 
shown in Fig. 2; composition of the mortar does 
play a major role in the arrangement of protective 
shields. 

– From a physical point of view, the degree of 
influence of pressure on impervious properties is 
quite high, as the supply pressure of the mortar 
directly affects the amount of bentonite injected 
into the soil. 

– Duration of mortar supply factor is not sig-
nificant from an engineering point of view on the 
role of the monitoring indicator within the selected 
experimental conditions. 
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Fig. 2 shows graphs of the indicator from each 
of variable factors. 

 

Fig. 2. Curves of the indicator dependences from the 
factors 

The nature of the graph of the soil filtration co-
efficient from bentonite concentration can be 
called close to parabolic. In this case, the extre-
mum of this curve is vividly shown and is within 
X1 = (0,4…0,5) in minimum indicator area, where-
as it is within X1 = (0,6, 0,7) in maxima zone. It 
can be said that for the conditions studied in the 
experiments, it was possible to identify the optimal 
conditions for bentonite powder concentration. 
When translating into full-scale parameters, the 
most effective mortar in the minima zone would 
contain the amount of bentonite within  
22…25 grams per liter, in the area of the maxima – 
58…61 grams per liter. 

The dependence of soil filtration coefficient 
from the discharge pressure of mortar is inversely 
proportional. The angle of the line to the horizontal 
is sufficiently sharp, therefore we can assume that 
the data points belong to the parabolic nature of the 
curve with a peak, not included in considered fac-
tor space. In this case, used pressure values are not 
the highest possible from a technical point of view 
and may be adjusted upward during the further 
study. 

The effect of duration of mortar supply on the 
indicator value is directly proportional. Limits of 
soil filtration coefficient changes are quite small for 
time variation, so you can conclude that the depend-
ency, which follows from the obtained data, is not 
enough meaningful from an engineering point of 
view. However, under natural conditions, long dura-
tion of injection will undoubtedly affect the soil fil-
tration coefficient of the protective shield to the re-
duction. The reason for this discrepancy may be due 
to imperfect experimental conditions. 

Nature of the dependence obtained in the zone 
of high and low values of indicator are close. It 
should be noted that dependences obtained in the 
zone of the low values of indicator must be taken 
as highly significant. This is due to the ultimate 
goal of the experiments which is to determine the 
conditions under which the soil filtration coeffi-
cient of the anti-contagious shield will meet the 
specified conditions for water-proof resistance. 

Originality 

Defined patterns of influence of technological 
factors (supply pressure, injection time and the 
characteristics of injection solutions compositions) 
on the screen filtration coefficient. 

Practical value  

The practical significance of the results is the 
development of technologies for new methods of 
protection against contamination of underground 
space in the absence of water pressure in the soil 
with the solids from the use of injection technology. 

Conclusions 

Conducted laboratory tests allowed determina-
tion of the soil filtration values at different levels 
of technological factors values. 

1. Experimental statistical dependency built by 
regression analysis has allowed determination the 
nature and extent of the influence of technological 
factors on the filtration rate of protective shield. 

2. The biggest impact on the index has benton-
ite concentration in the injection mortar and the 
discharge pressure of mortar. Thus the optimum 
amount of bentonite is at the level of  
22…25 grams per liter and the maximum allowed 
pressure of the discharge. Duration of mortar sup-
ply does not noticeably affect the indicator for the 
chosen experimental conditions. 
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ЗАЛЕЖНІСТЬ КОЕФІЦІЄНТА ФІЛЬТРАЦІЇ ГРУНТУ ВІД 
ПРИЙНЯТИХ ТЕХНОЛОГІЧНИХ РІШЕНЬ 

Мета. Метою даного дослідження є побудова експериментальних і статистичних залежностей коефіціє-
нта фільтрації захисного екрану, утвореного за допомогою горизонтально-спрямованого буріння, від техно-
логічних факторів. Методика. Синтез, аналіз, математичні методи. Результати. Аналітичні і графічні зале-
жності коефіцієнта фільтрації ґрунту від наступних технологічних факторів: тривалість ін’єкції, за допомо-
гою якої створюється протифільтраційний екран, концентрація бентонітового порошку на одиницю об’єму 
твердіння будівельного розчину і тиску нагнітання (подачі) цього розчину в ґрунт. Наукова новизна. Ви-
значено закономірності впливу технологічних факторів (тиск, час ін’єкції та характеристики розчинів для 
ін’єкцій) на коефіцієнт фільтрації екрана. Практична значимість. Практичної значимістю результатів є 
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розробка нової технології захисту підземного простору від забруднення в ґрунтах з твердими включеннями і 
відсутністю водотривкого шару на досяжній глибині. 

Ключові слова: протифільтраційні захисні екрани; горизонтально-спрямоване буріння; бентоніт; коефіці-
єнт фільтрації ґрунту; експериментально-статистичне моделювання 
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ЗАВИСИМОСТЬ КОЭФФИЦИЕНТА ФИЛЬТРАЦИИ ГРУНТА ОТ 
ПРИНЯТЫХ ТЕХНОЛОГИЧЕСКИХ РЕШЕНИЙ 

Цель. Целью данного исследования является построение экспериментальных и статистических зависи-
мостей коэффициента фильтрации защитного экрана, образованного при помощи горизонтально-
направленного бурения, от технологических факторов. Методика. Синтез, анализ, математические методы. 
Результаты. Аналитические и графические зависимости коэффициента фильтрации грунта от следующих 
технологических факторов: продолжительность инъекции, с помощью которой создается противофильтра-
ционный экран, концентрация бентонитового порошка на единицу объема твердения строительного раство-
ра и давления нагнетания (подачи) этого раствора в грунт. Научная новизна. Определены закономерности 
влияния технологических факторов (давление, время инъекции и характеристики растворов для инъекций) 
на коэффициент фильтрации экрана. Практическая значимость. Практической значимостью результатов 
является разработка новой технологии защиты подземного пространства от загрязнения в грунтах с тверды-
ми включениями и отсутствием водоупорного слоя на досягаемой глубине. 

Ключевые слова: противофильтрационные защитные экраны; горизонтально-направленное бурение; бен-
тонит; коэффициент фильтрации почвы; экспериментальное статистическое моделирование. 
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