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ECOLOGICAL AND ECONOMIC EFFICIENCY OF THE HORIZONTAL
IMPERVIOUS SCREEN FOR LOCALIZATION OF TOXIC AND
RADIOACTIVE WASTE

Purpose. The definition of the ecological and economic impact and efficient use of the horizontal impervious
screen in dependence on the depth of location of the impermeable soil layer. Methodology. Synthesis, analysis,
mathematical methods. The technique of definition of harm size caused by pollution and clogging of land resources
through violation of environmental legislation, developed by the Ministry of environmental protection and nuclear
safety of Ukraine. Findings. The initial date for definition of harm size caused by pollution and clogging of land
resources after horizontal impervious screen arrangement is selected. The disadvantages of governmental technique
are found and the method of improvement is developed. Originality. The governmental technique of definition of
harm size caused by pollution and clogging of land resources was improved. Practical value. There was made envi-
ronmental effect assessment of HIS adoption in water permeable soils combined with imperfect impervious dia-
phragm (ID), carried out by means of “diaphragm wall” in case of natural waterproof layer of soil absence Also the
ecological-economic effective application of HIS compared with perfect ID buried into a natural waterproof layer of
soil was determined.

Keywords: horizontal screen; impervious diaphragm; “wall in the ground”; ecological-economic impact; appli-
cation area

Introduction 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 atmos-
pheric precipitations through buried storages of
radioactive waste (RW), which were spontaneously
created on the territory of Chernobyl nuclear pow-
er plant when eliminating consequences of the ac-
cident. In these vaults there were buried remains of
machinery, equipment, construction materials, an-
imals and other things having come under ionizing
radiation, at the same time proper waterproofing of
these storage facilities generally has not been per-
formed.

Analyzing possibility of soil contamination
with various chemicals, elements should be divid-
ed into two groups: — The first group comprises
substances and their compounds insoluble in water

Environmental safety of soils and groundwa-
ter’s has become particularly relevant due to objec-
tive necessity related to the growth of harmful in-
fluence of human activity on the environment.

Need to ensure environmental protection of un-
derground space is also associated with the Kyoto
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 polluted,
which in chain may contribute to migration of tox-
ic chemicals coming into contact with medium
soil, into groundwater, underground and surface
water basins.
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and therefore their penetration depth into soil is
rather insignificant and does not exceed 2...3 m; -
the second group — chemicals soluble in water and
radionuclide’s, which by means of infiltration may
penetrate to considerable depths, contaminating
soils and aquifers. Penetration depth and contami-
nated water filtration speed depends on the filtra-
tion 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
contamination with technogenic effluents of indus-
trial enterprises and radionuclide’s increases every
day. Equally important is localization of already
contaminated lithosphere and preventing toxic
spread both in a horizontal sense and at the signifi-
cant 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 wa-
terproof 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.
Chernukhina A. M, studies in NIIOSP im. Gerse-
vanov N. M. (Moscow), NIISP (Kiev), showed the
need to improve methods of locating contaminated
soil and groundwater in the absence of the reacha-
ble depth of the impermeable layer [4, 5, 6].

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

Unsolved aspects of the problem

Technology of impervious curtain construction
(GWC) made by method of “wall in the ground”
includes development of a vertical trench (cavity)
protected by clay mud as a rule plunged in the wa-
terproof 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
method of horizontal directional drilling (HDD),
and includes location of two parallel guiding hori-
zontal 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 material (IM) [7, 8].

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

However, scope of the technologies significant-
ly varies due to the fact that the new HIS construc-
tion technique can be applied to a depth of Sm
from the surface, while the depth of ID construc-
tion by “wall in the ground” method may reach
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depths of over 100m., depending on the equipment
used.

Application of the above technologies could
provide equal environmental effect localizing
equal areas to prevent spread of soil and ground-
water contamination, but volume of contaminated
soil and, accordingly, 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 radionuclide’s, for HIS technology will be
determined by the depth of the artificial waterproof
layer (5m), and for the ID, “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 construct-
ing HIS is to reduce the amount of polluted soil
subject to further recovery.

Purpose

The definition of the ecological and economic
impact and efficient use of the horizontal impervi-
ous screen in dependence on the depth of location
of the impermeable soil layer.

Methods

To estimate the ecological and economic bene-
fits from the construction of HIS, compared with
the construction 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. 2, a.):

- 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 filtration
on both sides of the screen at a distance of 2 m
from the storage imperfect ID “wall in the ground”
is arranged 1m below HIS. ID material is clay-
cement-sand paste, possibly contaminated area
(localization area) — 5000 m®.

Variant II (Fig. 2, b):
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- 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 dis-
tance of 2 meters from its boundaries 1m below
HIS, possibly contaminated area (localization area)
~2,700 m’.

Variant III (Fig. 3):

- along the perimeter of storage at a distance of
2 meters from its borders is arranged perfect 1D
“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 —
Clay of 3 excavation difficulty class, possibly con-
taminated area (localization area) — 2700 m”.

To estimate cost of implementing new con-
struction technology HIS there were used regulato-
ry estimates of labor and material resources, de-
fined 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-
mate standards that display corresponding process.

Results

Technical and economic indicators of the im-
plementation of above options are shown in
Tab. 1. Moreover in Tab. 1 for comparison are
provided indicators of ID construction variants at
depth 10, 15, 20 and 25 m with a natural water-
proof layer of soil at depth of 9, 14, 19 and 24 m
and corresponding possible contamination area
(localization area).

Fig. 4 shows a plot of the specific cost of local-
ization for equal areas (ratio of ID cost to localiza-
tion area) depending on the depth of the natural
waterproof layer of soil in comparison with locali-
zation cost of the contaminated soil without water-
proof layer of soil using HIS technology combined
with imperfect ID.

At equal localization areas, comparing con-
struction cost of HIS combined with imperfect ID
with depth of 6 meters and construction of a per-
fect ID discovers effectiveness of building artificial
waterproof layer of soil under the condition of nat-
ural 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,
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since such loss is estimated by cost of treatment ing localization cost, we can estimate ecological

(recovery) of the whole soil volume which is de- and economic effect of preventing spread of pollu-

pending to a large extent on the depth of penetra- tants, using HIS combined with imperfect ID with

tion of contaminants. depth of 6 m, compared with the construction of a
Defining the counter of possible soil contami- perfect ID.

nation volumes and corresponding damage includ-
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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 — contami-
nated soil; 4 — HIS — artificial waterproof layer of soil
Link: developed by the authors

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
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Table 1
Technical and economic indicators of pollution localization variants
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v ID + 14 15 3120 1870 22,776 | 2700 8,43 37800
VI ID + 19 20 4160 2496 29,61 2700 11,97 51300
VII ID + 24 25 5200 3120 36,45 2700 13,50 64800
Link: developed by the authors
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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

According to the “Methodology ..” [11]
amount of damage from land pollution is deter-
mined by the formula (1):

S=4-G-P-K,-K,-H, (1)

where: S — size of damage caused by soil contam-
ination (cost of soil treatment (recovery)), UAH;
A=0,5 — specific costs to eliminate the impact of
plot pollution; G=94,5 UAH/m® — normative

monetary valuation of a polluted land plot. It is
assumed at the level of 4.5 thousand US dollars per
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1 hectare. [12]; P — area of a polluted land plot
(localization area), m* (see tabl. 1.); K, — coeffi-
cient of land plot pollution, characterizing amount
of the pollutant in the volume of contaminated
land, depending on infiltration depth; K, =4,0 —
hazard ratio of the pollutant. Assumed according to
[11], Appendix 1 “extremely dangerous”; H =0,2
— ecological and economic purpose of land scale
indicator. Assumed according to [11, Appendix 2]
“industrial land, transport, communications, ener-
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gy, defense”; K, — pollution coefficient of a land
plot calculated according to the formula (2):

Kl :Q'P.ln’
T

2)
where: O — the amount of the pollutant, m®. Ac-
cepted conditionally on the level of 1 % of the vol-
ume of localized (polluted) soil; 7=0,2 m —
thickness of earth layer, which is dimensional unit
to calculate remediation costs, depending on the
infiltration depth [11]; /, — correcting index to

expenses for liquidation of pollution, depending on
pollutant infiltration depth.

According to [11] 1m is calculated only to the
depth of infiltration 2m (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. L.e. 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 (/, )

Infiltration depth [, Infiltration depth [,
0...0,2 0,100 0...1,2 0,049
0...04 0,082 0...14 0,044
0...0,6 0,070 0...1,6 0,040
0...0,8 0,060 0...1,8 0,037
0...1,0 0,054 0...2,0 0,033
Link: [11]

Analyzing the graph of the exponential approx-
imation of the data in Table 2 (Fig. 5), it can be
argued that at considerable depths infiltration In-
dex of corrections to cost 1P approximates to val-
ues close to zero.

According to the schedule, to calculate coeffi-
cient of pollution for a land plot K, regarding in-

filtration depth: 0...5 m [/, 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 signifi-
cant reducing volume of soil pollution with radio-
nuclide’s or toxic waste and, accordingly, a signif-
icant reduction in its recovery cost in case of using
HIS localization variants (Tab. 3).

The graph in Fig. 6 shows efficiency of HIS
construction combined with imperfect ID of 6m
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 natural
waterproof layer of soil is present at depths of
more than 6,5...8 m.
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Fig. 5. Graph of dependence /, of Infiltration depth contaminated water:

1 — curve according to the tab. 2; 2 — approximated curve
Link: developed by the authors
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Table 3
Technical and economic indicators of soil pollution liquidation variants
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11 ID 6 5 2700 | 13500 10,45 135,0 4,25 14,70 1,09
v ID 10 9 2700 | 24300 15,92 243,0 38,27 54,19 2,23
v ID 15 14 2700 | 37800 22,76 378,0 142,88 165,64 4,38
VI ID 20 19 2700 | 51300 29,61 513,0 969,57 999,18 19,48
Vil ID 25 24 2700 | 64800 36,45 648,0 1224,72 1261,17 19,46
Link: developed by the authors
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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. 2, a); 2 — HIS combined
with ID at the perimeter of the storage without natural waterproof layer of (Fig. 2, 4.); 3 — ID at presence of natural waterproof
layer (Fig. 3)

Link: developed by the authors

Scientific novelty

The governmental technique of definition of
harm size caused by pollution and clogging of land
resources was improved.

Practical importance

There was made environmental effect assess-
ment 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

20

Also the ecological-economic effective application
of HIS compared with perfect ID buried into a nat-
ural waterproof layer of soil was determined.

Conclusions

1. Comparing localization costs of land sites of
equal area polluted with toxic waste or with radio-
nuclide’s, shows efficiency of building a horizontal
impervious screen (artificial aquitard) at a depth of
5m combined with imperfect grout curtain of 6m
depth, compared with the construction of perfect
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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 6m 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, horizontal
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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MeTta. BuzHaueHHS €KOJIOTIYHOTO Ta €KOHOMIYHOTO BIUIMBY, IUISIXIiB €()EKTHBHOTO BUKOPUCTAHHS TOPH30HTa-
JTBHAUX MPOTULIBTPALIAHIX eKpaHiB B 3aJIe)KHOCTI BiJ TTHOWHU 3aisTaHHS Bomoymopy. Meronuka. CunTes3, aHa-
73, MaTeMaTH4HI MeToau. MeTorKa BU3HAYEHHS IIKOIU Bil 3a0pyIHEHHS 3€MEIBHHUX PECYPCIiB B pe3yNbTaTi MO-
PYILLEHHS IPUPOJOOXOPOHHOTO 3aKOHOIABCTBA, po3po0ieHa MiHICTEpCTBOM 3aXHCTY HaBKOJIUIIHBOTO CEPEIOBHINA
Ta pamianiiHoi 6e3nexn Ykpainu. Pe3yabTaTu. 3i0paHo BUXiAHI AaHi A7 BU3HAYCHHS PO3MIPIiB IIKOAH, 3O iSTHOI
3a0pyQHEHHSM 3€MEIbHHX pEeCypciB MpH BIAMITYBAaHHI TOPH30HTAIBHOIO MPOTH (UIBTPalifHOTO eKpaHa.
HaykoBa HOBH3HA. Y IOCKOHAJICHO rajly3eBa METOAMKA BU3HAUCHHS LIKOAH BiJ 3a0pyJHEHHS 3€MEJIbHUX PEecypciB
B pe3yJIbTaTi MOPYLICHHs! IPUPOJOOXOPOHHOIO 3aKoHOAaBCcTBa. [IpakTHYHA 3HAYMMIicTh. Bu3HaueHo BIUIMB mpH-
CTPOIO0 TOPH30HTAIBHOIO MPOTH (UIBTPALIHHOIO €KpaHa BOJOIPOHUKHHUX IPYHTaX Ha HABKOJIMIIHE CEPEIOBHUILE
IIpU HOTO MO€HAaHHI 3 BOAOHENPOHUKHOIO AiadparMoro, CriopyIKeHOI METOIOM «CTiHa B IPYHTI» JI0 BOJOYIIOPY.
Takok BU3HAYEHO €KOJIOT0-€KOHOMIYHUH e(eKT MPHUCTPOIO0 TOPU3OHTAIBHOTO MPOTH (DLIBTPAIIfHOIO eKpaHa Ipu
HOTo Mo€HaHHI 3 BOJOHETIPOHUKHOIO AiadhparMoro, 3arim0IeHoO0 B IPUPOAHHUI BOJIOYTIOP.

Kniouosi cnosa: Topu3oHTAIBHUN €KpaH; HEMPOHWKHA HiadparMa; «CTiHa B IPYHTI»; €KOJOT0-€KOHOMIUHHA
edexT; cepa BUKOPHCTAHHS
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IKOJIOTO-9KOHOMHNYECKAS D®PEKTUBHOCTD
TOPU30OHTAJBHOI'O MPOTUBO®UILTPALIMOHHOTO DKPAHA
JUIS TOKAJIM3AIIAA TOKCUYHBIX U PAJITMOAKTABHBIX
OTXOJ0B

Heab. Onpenenenre 3KOJIOTHYECKOT0 U SKOHOMUYECKOTO BIIUSHUS, MyTeil 3((EKTUBHOIO MCIOJIB30BaHUS I'O-
PH30HTAIBHBIX MPOTUBOMMIBTPAIIMOHHBIX SKPAHOB B 3aBHCUMOCTH OT TJTyOWHBI 3ajieranus BoJoymopa. MeToauka.
CuHTes, aHaIu3, MaTeMaTH4eCKUe MEeToAbl. MeToauKa onpeAenaeHus Bpeaa OT 3arpsi3HEHHS 3€MIISIHBIX PECYPCOB B
pe3ysbTare HapylIeHHs NPUPOJOOXPAHHOTO 3aKOHOJATENbCTBA, pa3padoTaHHas MHHHCTEPCTBOM 3allUThl OKpY-
JKaromiel cpensl U paaualioHHON Oe3omacHOCTH YKpauHbl. Pe3dyiabTaTthl. CoOpaHBl MCXOMHBIE JAaHHEBIE IS OIpe-
JITICHNsT Pa3MepOB BpeAa, NPUUMHEHHOTO 3arpsS3HEHHEM 3€MIITHBIX PECYpPCOB IIPH YCTPOMCTBE TOPH30HTAIBHOTO
MpOTUBO(MIBTPAINOHHOTO 3KpaHa. HayuHasi HOBH3HA. Y COBEpIIEHCTBOBAHA OTPACIeBas METOANKA ONPEICTICHUS
Bpela OT 3arpsi3HEHUsI 3EMIIIHBIX PECYpPCOB B pe3ylbTaTe HApyIICHHUS IPUPOJOOXPAHHOIO 3aKOHOJATENbCTBA.
IIpakTHyeckass 3Ha4YMMOCTh. OIpeneneHo BIMSHHUE YCTPOHCTBA TOPU3OHTAIBHOTO IMPOTHBO(UIBTPAIIMOHHOTO
9KpaHa B BOJONPOHHUIAEMBIX IPYHTaX HAa OKPYKAIOIIYIO CPEAy NPH €ro COEANHEHUH C BOAOHEIPOHHUIIAEMON Ha-
(hparmoii, coOpyKEHHONH METOJOM «CTEHa B TPYHTE» 10 BOJOYyMOpa. Tawke ompeneiéH dK0JIOT0-3KOHOMHUYECKUIT
3 deKT ycTpoicTBa rOPU30HTAILHOTIO POTHBO(GHUIBTPALMOHHOTO SKpaHa IPH €ro COSANHEHUH C BOJIOHENPOHUIIA-
eMoi quadparMoid, 3ariry0JIeHHOM B IIPUPOAHBIN BOAOYIIOP.

Kniouegvie cnosa: TOPU3OHTANBHBIM OKpaH; HENpPOHUIIaeMas IuadparmMa; «CTeHa B TPYHTE»; DKOJIOIo-
sKoHOMHUUeCcKHH 3(h(eKT; chepa MpUMEHEHHS
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