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ECOLOGICAL AND ECONOMIC EFFICIENCY OF LOCALIZATION OF SOURCES
OF POLLUTION OF SOILS OF TECHNOGENIC EFFLUENTS USING
THE TECHNOLOGY OF THE DEVICE OF THE HORIZONTAL IMPERVIOUS SCREEN
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Scientific Research Institute of construction operations (Kiev, Ukraine) develops technology providing
arrangement of horizontal impervious screen (HIS) under existing industrial facilities using technology of
horizontally directed drilling. HIS acts as an artificial aquitard and is intended to protect soil and groundwater
from contamination with toxic waste or radionuclide's, as well as for the localization of pollution. There was
made environmental effect assessment of HIS adoption in water permeable soils combined with imperfect
impervious diaphragm (ID), carried out by means of «diaphragm wall» in case of natural waterproof layer of
soil absence, and also was determined ecological-economic effective application of HIS compared with perfect

ID buried into a natural waterproof layer of soil

Keywords: horizontal screen; impervious diaphragm; «wall in the ground»; ecological-economic impact,;

application area.

Formulation of the problem. Environmental
safety of soils and groundwater's has be-
come particularly relevant due to objective neces-
sity related to the growth of harmful influence of
human activity on the environment.

Need to ensure environmental protection of un-
derground space is also associated with the Kyo-
to Protocol, signed by majority of large industrial
countries, including Ukraine. Ukrainian legislation
provides general requirements to environmental
safety, including construction of underground fa-
cilities, where a special place is occupied by toxic
and radioactive waste storages.

In case of violating hygienic requirements for
disposal and destruction of toxic industrial wastes
at temporary storage sites, soils might be pollut-
ed, which in chain may contribute to migration of
toxic chemicals coming into contact with medium
soil, into groundwater, underground and surface
water basins.

Accident at the Chernobyl nuclear power plant
resulted in contamination over 4.6 million. Ha of
soil with radionuclide's including 3.1 million Ha of
arable land.

Should be separately noted pollution of soil
and groundwater as a result of infiltration of at-
mospheric precipitations through buried storages
of radioactive waste (RW), which were spontane-
ously created on the territory of Chernobyl nu-
clear power plant when eliminating consequences
of the accident. In these vaults there were buried
remains of machinery, equipment, construction
materials, animals and other things having come
under ionizing radiation, at the same time proper
waterproofing of these storage facilities generally
has not been performed.

Analyzing possibility of soil contamination with
various chemicals, elements should be divided into
two groups: — The first group comprises substanc-
es and their compounds insoluble in water and
therefore their penetration depth into soil is rath-
er insignificant and does not exceed 2-3 m; — the
second group — chemicals soluble in water and ra-
dionuclide's, which by means of infiltration may
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penetrate to considerable depths, contaminating
soils and aquifers. Penetration depth and contam-
inated water filtration speed depends on the fil-
tration properties of soils and barrier to spreading
such contamination, in this case, may be natural
impermeable soil layers, for example of clay.

Actuality of soil and aquifer protection from con-
tamination with technogenic effluents of industrial
enterprises and radionuclide's increases every day.
Equally important is localization of already contam-
inated lithosphere and preventing toxic spread both
in a horizontal sense and at the significant depth.

Analysis of recent research and publications.
Preventing contamination proliferation at large
territory and localization of contaminated soils and
groundwater's is possible by constructing impervi-
ous diaphragm (ID) in the perimeter of contamina-
tion source, for example, «wall in the ground», to cut
the ground aquifers, [1]. The effectiveness of such
curtain is determined by the presence of waterproof
layer of soil at a technically attainable depth.

If the waterproof layer of soil is missing or is
technically inaccessible, or installing cutoff device
to a considerable depth it is not economically fea-
sible, there is a need in the artificial creation wa-
terproof layer, for example, horizontal impervious
screen (HIS) (Fig. 1) [2; 3]

The analysis of the works Smorodinov M.I,
Filatova A.L, Zubkov V.M., Kruglikova N.N. Cher-
nukhina A.M., studies in NIIOSP im. Gerseva-
nov N.M. (Moscow), NIISP (Kiev), showed the need
to improve methods of locating contaminated soil
and groundwater in the absence of the reachable
depth of the impermeable layer [4; 5; 6].

Unsolved aspects of the problem. Technology of
impervious curtain construction (GWC) made by
method of «wall in the ground» includes devel-
opment of a vertical trench (cavity) protected by
clay mud as a rule plunged in the waterproof layer
at depth of 1-2 m, and filling of the trench with
watertight material.

New construction technology of horizontal im-
pervious screen (HIS) is based on the known meth-
od of horizontal directional drilling (HDD), and in-
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cludes location of two parallel guiding horizontal
wells protected by clay mud in the plane authentic
to base of the facility, soil excavation between the
holes is made by relevant body to form a cavity
and further filling this cavity with impervious ma-
terial (IM) [7; 8].

Fig. 1. Scheme of protection of soil and groundwater
against contamination: a — at presence of waterproof
layer; b — at absence of waterproof layer; 1 — storage;
2 — GWC; 3 — HIS - artificial waterproof layer; 4 natural
waterproof layer; 5 — contaminated soil; 6 — drainage
Link: developed by the authors

Technologies of construction of ID and HIS
have a number of common features: environmen-
tal protection, application of clay solutions to hold
the trench walls from collapse, formation of cavi-
ties (vertical and horizontal) and their subsequent
filling with impervious material.

However, scope of the technologies significantly
varies due to the fact that the new HIS construc-
tion technique can be applied to a depth of 5 m
from the surface, while the depth of ID construc-
tion by «wall in the ground» method may
reach depths of over 100 m., depending a)

the construction of HIS, compared with the con-
struction of ID as «diaphragm wall» it is necessary
to determine initial data to calculate both options
(Figure 2.3) Provided that:

— contamination source — buried storage of
toxic and/or radioactive waste located in sandy
(sandy loam) soils 1-2 class of excavation difficulty;

— storage dimensions: length — 50 m, width —
46 m, underground part of storage recessed by 3 m;

Variant I (Fig. 2a):

— HIS is performed in accordance with techno-
logical map [9] at a depth of 5 m from the ground
(2 m from the base of the vault). Screen material —
clay-cement-sand mortar. Waterproof layer of soil
at attainable depths is absent;

— to create closed loop and to prevent filtra-
tion on both sides of the screen at a distance of
2 m from the storage imperfect ID «wall in the
ground» is arranged 1 m below HIS. ID material
is clay-cement-sand paste, possibly contaminated
area (localization area) — 5000 m2

Variant II (Figure 2b):

— HIS is performed under Var. 1;

— to create closed loop, prevent filtration, re-
duce possible contamination area (territory of lo-
calization) imperfect ID «wall in the ground» is
constructed at the perimeter of the storage at a
distance of 2 meters from its boundaries 1m be-
low HIS, possibly contaminated area (localization
area) — 2,700 m2

Variant III (Figure 3):

— along the perimeter of storage at a distance
of 2 meters from its borders is arranged perfect ID
«wall in the ground» recessed in the waterproof
layer of soil at 1 meter. Material of curtain — clay
and sand-cement paste, waterproof layer soil —
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on the equipment used.

Application of the above technologies
could provide equal environmental effect |
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cordingly, comparative economic effect

determined by lithosphere treatment
(recovery) cost will be different.

Thus, for territories equal in area,
level of soil contamination with water

soluble toxic substances and/or radio-
nuclide's, for HIS technology will be de-
termined by the depth of the artificial

waterproof layer (5 m), and for the ID,

1003

«wall in the ground», hypothetically, in
case of water permeable soil, by natural
impermeable soil layer depth.

Other words, ecological and economic
effect of creating an artificial waterproof
layer by constructing HIS is to reduce
the amount of polluted soil subject to
further recovery.

The purpose of the work. The defini-
tion of the ecological and economic impact
and efficient use of the horizontal imper-
vious screen in dependence on the depth
of location of the impermeable soil layer.

The main content. To estimate the

Fig. 2. Localization variant for storage
without waterproof layer of soil

a) curtain at both sides of the screen; b) a curtain along
the perimeter of storage 1 — storage; 2 — imperfect ID; 3 —
contaminated soil; 4 — HIS — artificial waterproof layer of soil

ecological and economic benefits from Link: developed by the authors
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mate standards that display correspond-
ing process.

] Technical and economic indicators of

the implementation of above options are

S50 M

shown in Table 1. Moreover in Table 1
for comparison are provided indicators
of ID construction variants at depth 10,

Fig. 3. Localization variant for storage
with an waterproof layer of soil
1 — storage; 2 — perfect ID; 3 — polluted soil;
4 — natural waterproof layer of soil
Link: developed by the authors

Clay of 3 excavation difficulty class, possibly con-
taminated area (localization area) — 2700 m2
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Fig. 4. Graph of the specific localization cost depending
on the depth of the waterproof layer of soil
1 — HIS combined with ID without the natural
waterproof layer; 2 — ID at presence of natural
waterproof layer of soil

Link: developed by the authors

To estimate cost of implementing new construc-
tion technology HIS there were used regulatory
estimates of labor and material resources, defined
on the basis of technological map [9, 10].

Construction of IDs by «wall in the ground»
method is widely displayed in regulatory frame-
work of Ukraine and, therefore, to estimate cost
there were used existing resource elemental esti-

15, 20 and 25 m with a natural water-
3| proof layer of soil at depth of 9, 14, 19
and 24m and corresponding possible con-
tamination area (localization area).
Figure 4 shows a plot of the specific
cost of localization for equal areas (ratio
of ID cost to localization area) depending
on the depth of the natural waterproof
layer of soil in comparison with localiza-
tion cost of the contaminated soil without water-
proof layer of soil using HIS technology combined
with imperfect ID.

At equal localization areas, comparing construc-
tion cost of HIS combined with imperfect ID with
depth of 6 meters and construction of a perfect ID
discovers effectiveness of building artificial water-
proof layer of soil under the condition of natural
aquitard presence at depths exceeding 13 m.

As mentioned above area of contamination can
not characterize environmental damage caused by
contact of toxic radionuclide's with the ground,
since such loss is estimated by cost of treatment
(recovery) of the whole soil volume which is de-
pending to a large extent on the depth of penetra-
tion of contaminants.

Defining the counter of possible soil contamina-
tion volumes and corresponding damage including
localization cost, we can estimate ecological and
economic effect of preventing spread of pollutants,
using HIS combined with imperfect ID with depth
of 6 m, compared with the construction of a per-
fect ID.

According to the «Methodology..» [11] amount
of damage from land pollution is determined by
the formula (1):

S = A*G*P*K1-K2-H, (1)
where: S — size of damage caused by soil con-
tamination (cost of soil treatment (recovery)), UAH;

A = 0.5 — specific costs to eliminate the impact
of plot pollution;

Table 1
Technical and economic indicators of pollution localization variants
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Link: developed by the authors
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G = 945 UAH/m? — normative monetary val-
uation of a polluted land plot. It is assumed at the
level of 4.5 thousand US dollars per 1 hectare. [12];

P — area of a polluted land plot (localization
area), m? (see tabl. 1);

K, — coefficient of a land plot pollution, char-
acterizing amount of the pollutant in the volume
of contaminated land, depending on infiltration
depth;

K, = 4.0 — hazard ratio of the pollutant. As-
sumed according to [11], Appendix 1 «extremely
dangerous»;

H = 0.2 — ecological and economic purpose of
land scale indicator. Assumed according to [11, Ap-
pendix 2] «industrial land, transport, communica-
tions, energy, defense»;

K, — pollution coefficient of a land plot calculat-
ed according to the formula (2):

K, = O0/T*P*1In, (2)

where: O — the amount of the pollutant, m?
Accepted conditionally on the level of 1% of the
volume of localized (polluted) soil;

T = 0.2 m — thickness of earth layer, which
is dimensional unit to calculate remediation costs,
depending on the infiltration depth [11].

1, — correcting index to expenses for liquida-
tion of pollution, depending on pollutant infiltra-
tion depth.

According to [11] 1o is calculated only to the
depth of infiltration 2 m (tab. 2). In this case, spec-
ified that expenditures for the implementation of
activities to reduce or eliminate land pollution in-
creases depending on the depth of pollutant infil-
tration in the ratio of 10: 3. Le. as depth increases
of 10 times thicker than land at 0,2 m costs for the
pollution elimination increase 3 times.

Table 2
Correction indexes to expenses (Im)
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Fig. 5. Graph of dependence I,
of Infiltration depth contaminated water
1 — curve according to the table. 2;
2 — approximated curve
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Fig. 6. Graph of the specific costs
of pollution elimination against the depth
of the waterproof layer of soil
1 — HIS combined with ID along the two sides of the
screen, without the natural waterproof layer (Fig 2a.);
2 — HIS combined with ID at the perimeter of the
storage without natural waterproof layer of (Figure

Infiltration depth | In Infiltration depth In 2b.); 3 — ID at presence of natural waterproof layer
0-0,2 0,100 0-1,2 0,049 (Figure 3)
0-0,4 0,082 0-1,4 0,044 Link: developed by the authors
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0-0,8 0,060 0-1,8 0,037 Analyzing the graph of the exponential approx-
0-1.0 0.054 0-2.0 0.033 imation of the data in Table 2 (Fig. 5), it can be ar-
Link: [11] ’ : ’ ’ gued that at considerable depths infiltration Index
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of corrections to cost 1P approximates to values
close to zero.

According to the schedule, to calculate coef-
ficient of pollution for a land plot K3 regarding
infiltration depth: 0-5 m 1, Index of corrections
to costs is accepted 0,006 for depths of 0-10 m —
0.0012, for the depths of 0-15 — 0.0005, and for
infiltration depth more than 15 m — 0.0001.

Calculations discovered possibility of significant
reducing volume of soil pollution with radionu-
clide's or toxic waste and, accordingly, a significant
reduction in its recovery cost in case of using HIS
localization variants (Table 3).

The graph in Figure 6 shows efficiency of HIS
construction combined with imperfect ID of 6 m
depth, compared with the construction of a perfect
ID as a part of complex activities on liquidation
of consequences of soil pollution in case of natu-
ral waterproof layer of soil is present at depths of
more than 6.5-8 m.

Conclusions. 1. Comparing localization costs of
land sites of equal area polluted with toxic waste
or with radionuclide's, shows efficiency of building
a horizontal impervious screen (artificial aquitard)
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at a depth of 5 m combined with imperfect grout
curtain of 6m depth, compared with the construc-
tion of perfect curtain, if the natural waterproof
layer of soil is located at depths exceeding 13 m.

2. The construction of the horizontal impervi-
ous screen (artificial waterproof layer of soil) in
combination with imperfect grout curtain would
greatly reduce possible volumes of soil pollution
and, therefore, significantly reduce soil treatment
costs (recovery).

3. Application of horizontal impervious screen
(artificial a waterproof layer of soil) as part of a
complex of actions on liquidation of consequences
pollution of soils at a depth of 5 m combined with
imperfect grout curtain of 6 m depth of the shows
screen efficiency in comparison with a perfect
grout curtain under the condition of the natural
waterproof layer of soil location at depths of more
than 6.5-8 m.

4. Ecological and economic effect of the appli-
cation together with a vertical screen, horizon-
tal impervious screen, is to reduce 10 times the
cost of restoring contaminated soil from 19.48 to
1.94 thousand UAH. for 1 m?.
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HayxoBo-pocaiganii iHcTuTyT OyAiBEJIBHOTO BUPOOHMUIITBA
Meneiumor O.1L

Onecbka mepskaBHa akazeMia OyAiBHMITBA i apXiTeKTypu

EKOJIOTO-EKOHOMIYHA EGEKTUBHICTD JIOKAJI3AIIL ISKEPEJ
3ABPYJIHEHHSA I'PYHTIB TEXHOTEHHIUMI CTOKAMMU

3 BUKOPUCTAHHAM TEXHOJIOTII BJAIITYBAHHS
TOPM30HTAJILHOI'O IPOTU®LIBTPAIIINTHOIO EKPAHY

Anoranis

Y HaykoBo-gocisinHomy iHcTuTyTi OyniBesbHOoro BupobuuuTsa (Kuis, Yrpaina) BemyTbca mociuimsKeHHSA
TEeXHOJIOTII yJlalITyBaHHA TOPM3OHTAJbHUX OpoTudinbrpaniiinux expanis (I'IIE) mixg icHyroumMmm cro-
pyZaMu 3 BUKOPUCTAHHAM METOAY TOPMB30HTAJbHO-HaIlpaBJeHOro OypinHaA cBepasioBuH. I'IIE BUKOHYE
POJIb IITYYHOIO BOAOYIOPY i MpM3HAUEHMI AJIA 3aXMUCTYy I'PYHTIB i IPYHTOBUX BOJ Bin 3abpyIHEHHA TOK-
CUYHMMI Bigxonmammu abo panioHyKJIimamMm, a TaKOXK OJiA JokaJisarnii 3abpynuenb. IIpoBenmeHa orinka
exoJioriuHoro ederTy Bif 3actocyBaHHA ['IIE y BOIOIPOHMKHUX IPYHTax y IIO€QHAHHI 3 HeIJOCKOHAJOIO
npotudinaeTpaniiao aiadparmoro (IIDII), mo BUKOHYy€eTbCA CIIOCOOOM «CTiHA B IPYHTi» y pasi BigcyTHOCTI
IPUPOIHOTO BOJOYIIOpa, & TAaKOoXK BM3HAUeHO o0JsacTh edeKkTuBHOro 3acrocysanHa I'IIE mopiBHAHO 3 KO-
croHaso 1P, 3arambIeHO0 B IPUPOAHMUI BOLOYIIOP.

Kiro4oBi cJioBa: rOopM30HTAJIBHMII €KpaH; NpoTudinbTpalniiiHa pgiadpparma; «cTiHa B IPYHTi»; €KOJIOro-
€KOHOMIuHIII edpeKT; 00JacTh 3aCTOCYBAHHA.

Tammuackmit A.M.

HayuHo-m1ccnenoBaTeNIbCKMI MHCTUTYT CTPOMUTENIBHOTO IIPOU3BOACTBA
Memneitmor AJ.

Onecckas rocyJapCTBeHHAA aKaeMIsa CTPOUTENbCTBA U aPXUTEKTYPhI

IROJ0T0-9ROHOMMNYECRKRAA 9PDPERTUBHOCTD JORAJMN3ALINN
NCTOYHMRKOB 3ATPASHEHNA I'PYHTOB TEXHOI'EHHBIMU CTORAMMU
C UCII0JIb30BAHIEM TEXHOJIOTMI YCTPOVICTBA
IF'OPN30OHTAJBHOI'O INTIPOTUBO®UMJIBTPAIIMIOHHOI'O S9KPAHA

AnHOTaA

B Hayuno-nccieoBaTeIbCKOM MHCTUTYTE CTPOUTEJILHOTO Ipon3BoacTBa (Knes, YkpanHa) BegyTcsa muccieno-
BaHMA TEXHOJOIMM yCTPOMCTBA FOPM30HTAJBHBIX IPOTUBOMMILTPAIMOHHBIX 3KpaHoB (I'IIJ) mox cymiecTBy-
IOLIVIMY COOPYKEHMAMM C MCIIONIb30BaHMEM METOJa TOPM30HTAJbHO-HAIIPAaBIEeHHOrO Oypennsa ckBaskyuH. ['11O
BBIIIOJIHAET POJIb MICKYCCTBEHHOI'O BOJLOYIIOpa ¥ IIpeJHa3HadeH AJA 3alUUThI 'PYHTOB M IPYHTOBBIX BOJX OT
3arpA3HEHNA TOKCUYHBIMY OTXOJaMI MJIM PAaAMOHYKJIMAAMY, a TaKsKe AJA JIOKaJau3aluuy 3arpasHeHmit. IIpo-
BeJleHa OIleHKa dKoJormdeckoro sdpdperra ot npumenennud I'IIO B BOJONIPOHUIIAEMBIX TPYHTaX B COYETAHUN C
HECOBEPIIEHHON MPOTMBOMUIbLTPAIMOHHON nuadparmoii (IIP]I), BeIIOIHAEMOI CIIOCOOOM «CTeHa B IPYHTE»
B CcJIydae OTCYTCTBMA €CTECTBEHHOTO BOJOYIIOPa, a TaKyKe oIpefiesieHa 00JsacTb 3(P(EKTUBHOrO NPUMEHEHNA
T'TIS o cpaBuenuto ¢ coBepiuennoii IID]], 3armybaeHHO B eCTECTBEHHBI BOJOYIIOP.

Ruarodesrble ciioBa: ropM30HTAJBHBIN 3KPaH; IPOTUBOMUIbTPALMOHHAA AnadparMa; «CTeHa B TPYHTE»; 9K0JIO-
ro-sKOHOMMYEeCKNT dppeKT; 00J1acTb IPUMEeHEeHNA.
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