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CONSISTENT PATTERN OF CHANGE OF FILTER COEFFICIENTS
OF IMPERVIOUS SCREEN

Petrovsky A.F.
Odessa State Academy of Construction and Architecture

The paper analyzes the research results of the anti-contagious shield created by injection. The regression
models of the shield arrangement process, calculated by the «Compex» software, are used. Identified
analytical and graphical dependence of filtration rate of these technological factors. The duration of the
composition of feed injection, the concentration of bentonite powder per unit volume of solution hardening
and discharge pressure (supply) of this solution into the screen. The conditions of protective shield production
using horizontal directional drilling, by which the optimal soil filtration coefficient is achieved, are defined.
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Formulation of the problem. Analysis of the
problems arising from the disposal of the
consequences of the Chernobyl accident showed
that the scale of the impact and the necessary
of financial and technical resources are playing a
dominant role in the localization of pollution and
in the reduction of emission of radioactive sub-
stances into the environment. The arrangement of
anti-contagious protective shields by horizontal di-
rectional drilling method can be used to 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.
The problem of localization of toxic and radiation
pollution as well as contaminated groundwater can
be solved by various methods, among that there is
technology unit of a closed vertical grouting (wa-
tertight) which is rather reliable. However, the
effectiveness of such a vertical grouting is signif-
icantly reduced in the absence of practically at-
tainable on the depth of waterproof layer of soil,
in which the grouting shall be recessed. In the ab-
sence of aquiclude the problem can be solved by
applying a new injection technology of installation
of horizontal screen under the existing facilities. To
create a new technology it is necessary to solve the
problem of determining the influence of various
structures of impervious screen on the index of
coefficient of permeability.

According to these criteria, the use of horizontal
directional drilling is preferred. The present study
has a social significance, as it will allow to protect
the population from the consequences of contami-
nation by radionuclide contaminated water.

An analysis of the literature. As a result of the
analysis of known sources on the subject it is con-
cluded that the existing methods of the anti-con-
tagious shields arrangement are not effective for
the localization of radioactive waste [1, 2]. In recent
years, several attempts were made to develop an
efficient technology for such works [3], but the use
of horizontal directional drilling for groundwater
protection shields can be more promising from an
economic or technological perspective.

The purpose and objectives of the study. The
aim of the study is determination of the optimum
operating parameters of the anti-contagious shield
arrangement by processing and analysis of exper-

imental statistical dependency of soil filtration co-
efficient from the studied factors. In accordance
with the purpose of the following research 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
results with the help of «Compex» software.

3. To determine the technological parameters of
anti-contagious shield arrangement in which an op-
timal value of soil filtration coefficient is obtained.

Algorithm of the study is shown on the Fig. 1.

Statement of research problem.

Substantiation of work areas.

Analysis of the known sources on the research subject.

Development of methods for solving the problems and the
creation of the necessary laboratory equipment.

Obtaining experimental data to study the parameters of
technological modes of injection.

Processing and analysis of the experimental results.

Fig. 1. Algorithm of research

Main part. Since the main feature of impervi-
ous screen is its hydrophobicity, which is ability
not to let through the groundwater, it was decided
to use such a key indicator of physical characteris-
tic of soil as a filtration coefficient.

The modern technology of horizontal directional
drilling was promoted as the simulation of injection
process, which allows forming impervious horizon-
tal shields for contaminated sites. To simulate this,
the laboratory bench was produced which shows
section perpendicular to the drill axis, wherein an
injection mortar is distributed at different distance
away from the input under the influence of the
operating parameters. Singling out the middle part

© Petrovsky AF., 2016

153

TEXHIYHI HAYKU



154

of the section, you can get an idea about the na-
ture of soil filtration coefficient change.

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

X, — 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
concentration of the bentonite should be sufficient
to form the shield, which has a maximum capaci-
ty 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. Ac-
cording to sources considered the permissible vis-
cosity for clay and cement mortars is between 26
and 43 sec. The viscosity was determined by vis-
cometer «Marsh Funnel» with volume of 1000 ml

X, — 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.

X3 — 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 imper-
vious 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 in-
fluence 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
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to determine dependency of the impervious prop-
erties of the shield from the parameter combina-
tion used.

The processing of the received experimental re-
sults (table 1) is performed by regression analysis
method using «Compex» software [4, 5].

As a result of this analysis the experimental
statistical model of dependence of filtration rate
from technological parameters of shield arrange-
ment was built (form. 1). The factor impact esti-
mations, deemed indistinguishable from zero, are
marked by points in this formula.

SFC (m. per day) = 0,105 = 0 x; + 0,212x,® +

+ 0,123 x;x; — 0,064 x5 — 0,087x, £ 0 22 £

+0 X3 & 0 X3 + 03632 (1)

By depending on results of the analysis (the
forms. 1) it can be concluded that the influence of
the factor «time injection» is not essential in the
engineering sense.
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Fig. 2. Graph of soil filtration coefficient values
(ranked in descending order)

Consider Fig. 2. It shows the descending rank-
ing of soil filtration coefficient values obtained as a
result of laboratory tests. By this ranking the con-
ditions, which are the most suitable for low values
of indicator, can be analyzed.

Table 1

The plan and the results of experimental laboratory studies

Full-scale variables Coded variables Soil filtra-

X, X, X X, X, Xs tion coeffi-

Ne [Bentonite powder | Discharge | Duration of | Bentonite pow- Discharge Duration of | cient (SFC),

concentration, pressure of | mortar sup- | der concentra- pressure of | mortar sup- | meter per

grams per liter. | mortar, atm.| ply, min. tion, grams. mortar, atm. ply, min. day

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
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Five experiments were conducted according to
an optimized plan, containing the value of bentonite
concentrations in mortar at 40 grams per liter. The
majority of them were carried out at the operating
discharge pressure of X, = (-1, -0.33 (3)). These ex-
periments showed the lowest filtration value. Also,
low values of filtration coefficient are determined in
the experiments, in which the combination of low
concentrations of the bentonite (or the low viscosity
of mortar) and relatively high discharge pressure
were used. The experiments, in which a high vis-
cosity and low discharge pressure of mortar were
used, showed slightly higher values of soil filtra-
tion coefficient. Finally, the least favorable were the
combination of high contents of bentonite in mor-
tar and high discharge pressure; small saturation
of bentonite powder and a low pressure of mortar.
Inconsistencies of experiments ranking can be at-
tributed to the account of the corrective the dura-
tion of mortar supply factor impact.

Fig. 3 shows the effect of the bentonite pow-
der concentration and discharge pressure on the
filtration rate of the protective shield while the
duration of mortar supply is fixed on the level
X3 = 10 min. This level is selected to avoid errors
in the construction of the dependency.

Analysis of the graph shows that the depend-
ence of the indicator from the concentration of
bentonite is close to parabolic. The effect of the
discharge pressure of mortar supply is inversely
proportional: minimum zone of soil filtration co-
efficient is formed at the highest pressures, highs
zone — at the least. The area of the curve extrem-
um is observed when the value of the concentra-
tion of bentonite is X; = (-0.5, -0.4), in the zone
of highs — when X, = (0.1; 0.2). Thus, in the case
of short-term injection, the maximum pressure
should be followed with the optimal concentration
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of bentonite in mortar for about 22-25 grams per
liter, with the least — 43-46 grams per liter, and
less viscous mortar is more effective. The soil fil-
tration coefficient is equal to 0.023 meters per day
and 0.194 meters per day respectively to parame-
ters indicated.

Discharge 35
pressore of
mortar

Bentonite powder
10 concentration

Fig. 3. Change of the soil filtration coefficient of the
protective shield under the influence of the bentonite
powder concentration and discharge pressure when
fixing the duration of mortar supply at X; = 10 min.

Conclusions: 1. Conducted laboratory tests al-
lowed determination of the soil filtration values at
different levels of technological factors values.

2. 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.

3. The optimum soil filtration coefficient value
is equal to 0.023 meters per day, and is achieved
at a bentonite powder concentration equal to
22-25 grams per liter and the discharge pressure
of mortar — to 5 atm.
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IlerpoBcbkuii A.dD.

Opnecbka gep:KkaBHaA akazeMisa OyZiBHMIITBA Ta apXiTeKTypu

3AKOHOMIPHICTH 3MIHI KOE®IIIEHTA ®LILTPAIIT

MMPOTU®LILTPAIIIITHOIO EKPAHA

Anoranis

Y poboTi mpoBesieHO aHaJI3 Pe3yJbTAaTiB NOCIiAKEeHb MPOIlecy CTBOPEHHA MPOTUMIIbTPALIIHIMX eKpaHiB 10
in'exniitHol TexHoJOriI. BKOpucTaHO perpecuBHi Mozesi, peaJizoBaHi B nmporpamMHOMy MponykTi «Compex».
BusnaueHo anasiTuuHi i rpadiuni sasesxHOCTI KoedpimieHTa inmpTpanii Bifg HACTYIHMX TEeXHOJIOTiYHMX
daxropie. Tpusasicts momadyi iH'€KuiffHOrO CKJIaMy, KOHLIEHTPAIiA OEHTOHITOBOI MOPOIIKY B oAuHuUIN 06'eMy
TBEPAi€ PO3UMHY i THCKY HarHiTaHHA (IIOAadi) JAHOTO PO3UMHY B €KpaH. BMABJIEHO TEeXHOJIOTIYHI perkyMu
iH'eKTyBaHHA NpPM BJIAIITYBAaHHI 3aXJMCHMX €KPaHIB 3a JOIOMOIOI0 IOPM30HTAJIBHO HAIIPaBJIEHOTO OypiHHA,
IpY AKUX OCATAETBCA ONTUMYM KoedimieHTa inpTpartii.

KarouoBi ciioBa: ropu30HTAJIBHO HalpaBJeHe OypiHHA, OpoTUQINbTpaliiHNil eKpaH, PO3PUB ILJIACTIB, ape-
HaK, iH' €KIis.
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IlerpoBckmii A.d.
Opecckad rocyzapcTBeHHasA akaJeMIs CTPOUTEJNBCTBA M apPXUTEKTYPhI

3AROHOMEPHOCTDb UISMEHEHUA ROOPPUINEHTA OUJIbBTPAIININ
MNPOTNBOPNJIbTPAIINIOHHOTO 9KRPAHA

AnHOTaUA

B pabore mpoBesnen aHaaM3 pPe3yJsbTATOB MCCJIELOBAaHMII IIPOIfeCCa CO3JAHUA IMPOTUBOMIIIBTPAIMOHHBIX
9KPaHOB II0 MHBEKIVIOHHOM TEeXHOJOrM). VICIOJIb30BaHbI PErpecCUOHHbIE MOZEJM, Peasii30BaHHbIE B IIPO-
rpaMmMHOM npoaykTe «Compex». OnpeseseHbl aHAJUTUYECKNE U TpadUUuecKe 3aBUCUMOCTY KOd((PUIeHTa
uabTpauuyu OT CIAEAYIOUINX TEXHOJOIMYeCKNX (PaKkTOpOB. JIMTEIbHOCTh HOMAauM MHBEKIVMOHHOTO COCTaBa,
KOHIIeHTpaIusa OEHTOHMTOBOTO IIOPOIIKA B eAVHNIle 00bEMA TBEPAEIOIIEr0 PacTBOpa 1 AaBJIEHNUA HATHETAHNA
(momaum) HaHHOTO PacTBOpPa B HKPAH. BEIABJIEHBI TEXHOJIOTMYECKNME PEXKVIMBI MHBELMPOBAHNA P yCTPOI-
CTBE BalUTHLIX OKPAHOB C IOMOIIIBI0 TOPU30HTAJBLHO HAMIPABJIEHHOTO OypeHus, IPU KOTOPBIX JTOCTUTAETCS
ONITUMYM Ko3(ppuiinenTa (PuIbTpaLyn.

KuioueBble cioBa: rOPM30HTAJIBHO HAIIpaBJIeHHOe OypeHMe, IPOTUBOMUIbTPALVOHHBIN SKpaH, Pa3phlB I1JIa-
CTOB, APEHAK, UHBEKIIVA.



