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THE FACTORS AND POSSIBLE CONSEQUENCES OF REGIONAL
CHANGES IN ENGINEERING AND GEOTECHNICAL STATUS OF
LOESSES AND LOESSY-LOAMY SOILS OF UKRAINE

Abstract Over the recent decades Ukraine regional activation of flooding of
lands, accompanied by landslide formation and subsidence of surfaces take
place. It is caused by interaction of a complex of natural and technogenic factors
(global climate changes, groundwater afflux in aredsiropact of reservoirs,
flooding of numerous mines and quarries, etc.). On the territories of the most
widespread in Ukraine loessy and loedsgmy soils these phenomena become
the most dangerous transformations of engineering and geotechnical stage of th
upper part of the geological environmefhe researches carried out at the ITGIS
have clarified that the specific engineering and geological properties of loessy soils
(soaking, subsidence and thixotropy) are the main factors contributing to
progressivereduction of engineering seismogeological stability of these Sdiks.
cause of thixotropic dilution is the operation of various vibration mechanisms or
closeness of the objects causing vibration (railways, €ltixotropic dilution is
mostly caused byibrational destruction of nomvaterproof aggregate structure of
loessy soil. Destruction is also accompanied by vibrational movement of products
of destruction into the pore spacafter termination of vibration the aggregate
structure is partially resteed due to the formation of secondary aggregates.

Today more than 50% of 460 cities and 885 urbgre settlements in Ukraine are
located in the zone of subsiding loessy and Ieksmyy soils, up to 15% are
affected by natural and technogenic karstfiation, and in 9% (123) of the cases
development of landslides was recordBdtural and technogenic flooding of the
territory was recorded in more than 40% (546) of cities and towns. Therefore, there
are complex changes in the geotechnical conditionsdjonity of the industrial
urban agglomerations of Ukraine and deterioration of ecological and geological
parameters of life within thenThe zoning by the regional geotechnical risk of
flooding of cities and villages of Ukraine situated on loessy andydeamy soils
should be carried out on the basis of the combined effect of natural and technogenic
factors.It is recommended to apply the additive model of influence on geotechnical

O Ye.O. Yakovley O.G.Rogozin 2018

ISSN 24114049 [ S sdztse ' YdzO@ BJL Y jC O SOIANHBEHSS Sted



~6~

risk. The mentioned risk is proposed to be quantified by indicatotseedgecific
density of areas of flood and landslide development in both technogenic and natural
conditions.

The property of watesaturated loessy soils to move to the quicksand state is mostly
due to the structural features of these soils and to the ddieeir transition to the
rarefied state.The process of obtaining by loesses (in circumstances oftéomg
flooding) of fluidthixotropic properties develops in the Southern region on irrigated
lands and begins to spread to the other regidinis. ne@ssary to continue scientific

and production works to improve the methodological basis of an assessntieat
impact of modern changes in levels and chemical composition of groundwater,
negative technogenic effects on the subsoil, global climate chadgettar factors

on formation of the geotechnical risising modern technologies of GIS and Earth
remote sensing, as well as to complement this basis with ecologic, economic and
insurance assessments of the risk of life safety.

Keywords:regional changes;desses; landslide formation; subsidence; thixotropic
dilution
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ESTIMATION AND FORECAST OF CHANGES IN THE
HYDROCHEMICAL STATUS OF THE TISZA RIVER

Abstract The engineeecological indexes and their parametere usel at the
ecological estimation of tretatusof hydroecosystems (HE) thfe Tiszawaterbasin

The systenbasin approach of research of the water badiazed on the
systematization and processing of environmental monitoring data for theédong
period was used Such period allowedo set scientificconformities ofthe
development ohaturally-anthropogenic hydroecosystems in the conditions of
constantechnogenic load on them.

Keywords:water systembiotic communicationhydroecosystem

Introduction

On the modern stage of development of industiy @ational economy the problem

of rational nature management becamdraordinarily actual. Foremost it is related

to constantly growing anthropogenic influence of man on an environment. As
known, the rivers are most sources of fresh waters for an egosodnindustry, at

the same time, by points for the upcast of industrial wastes and effluents, that results
not only in quality but also quantitative exhaustion. Therefore the decision of
problem of maintenance and proceeding in thesaiéntial of watebasirsbecomes
especially actual and ecological.

The Tiszariver is the most inflow of Danube, the area of water mirror of that
presents 1571 8 6 ki | o me t theTsiariver makesg 66 knddsic part
of Tiszaflow is formed on territory four Hé: to Romanid 51%, Ukraing 25,6%,
Hungaryi 10%, Slovakid 13,4% [1,2].

Ukrainian part otheTiszabasin thebelongs both to Overhead Tisza and Middle
Tisza. The basin of the Tiszaiver is the basic source of watsupply of the
Zakarpattia arealhe total resources of superficial flow in a medieval year make
13300 million ni, in shallow is 7290 million A Except waters Tisza, 9 storage
basirs (a general capacity is 59illion m?), 286 pondsa general capacity is
10,056 million nd) and 32 lakesmong that most is, enter to them. Synevir by
volume of 1,75 million rf[3].

The level of water consumption of area is insignificant. In 2016 all from natural
sources 42,67 million frof water is taken away, among them 43 suraaéer and
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57 undergraind. On territory to the area watetensive productions that need the

far of water are absent [4]. The prognosis resources of underwaters of drinkable quality
make 399 million rffyear, and the level of ratified presents 124 millictyear.By

the stateon 2016 used all only about 18,85 millior?/year, id est, an area has
considerable potential for development of drinkable wsigply. Relative part of
collection of waters Tisza presented on fig. 1.

5%

® Industry
m Agriculture
Municipal economy

45% m Others

Fig. 17 The gructure of water use of the Tiszaeiv

For period 19902016 tendency to considerable reduction of volumes to the water
intake of water that takes place mainly due to reduction of the use on to trade and
agricultural necessitiesasobserved

Main part

Prognosis of water consumption ofaters Tisza is determined by the rates of
economic and public development. According to calculations of scientists 2031 to
amount of population in the district of wateasin of the Tiszavill increase more

than in 5 times, as a result the increase ofetless of population will take place

from 97,5 to 102,2 persons/of KnThe calculation water consumption of area can

be fully provided due to local water resources, for what the conducted measures must
be from maintenance and proceeding in present waseurees. In obedience to
calculations the structure of fence lead will have suchkifigl 2.

6% 5%
® [ndustry
m Agriculture
Municipal economy
58%

m Others

Fig. 27 The prognosis of structurd water use of the Tisza river
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Contaminants come to thEszabasinthrough the natural and anthropogenic
sources oftontamination. Basic sources of contamination of susfeater of river
of Yew basin organic substances: communal sewer watkrstry; agriculture [5].

In the picture 3 the diagram of distribution of volume of effludmswveen
industriesis presented.

1%

36% ® Industry
® Agriculture
Municipal economy

m Others

Fig. 31 A diagram of distribution of volume of effluents is between industries
in 2016 year

For the last two decades, a political and economic situation caused changes in
industrial activity that comes true in Zakarpattia. From data of the stdistisal
accounting about the use of waters, common amount of water users that carry out the
upcast of effluents in the superficial water objectghefTiszabasinin 2016 made
106 subjects, in next sectors: industry is 35 subjects, including elecgpénar
standard 1; chemical and petrochemidall; machinebuilding and metalvorking
T 4; woodworkingi 5; forestchemicali 1; building1 5; light industryi 1; food
industry i 15; agriculturei 8; forestry i 1; transporti 3; building 7 1;
tradei 2; logistical support 3; housing and communal servideS3 [6].

Contamination organic substances from the effluents of industry is insignificant.
All in 2016 yearby them it was downfaulted: organic substaric€s01 thousand
tons (according to the Bioemical Oxygen Consumptiai), 0.017 thousand tons
(for Chemical consumption of oxyggh

The estimations of quality of water carried out from data of monitoringi 201%

The Primary purpose of research is an estimation ecolagatabf theTiszariver on
physical and chemical indexes, exposure of basic sources of anthropogenic influence
and determination of directions of improvement of the state of water object.

For calculations the base of statistical data of the ecological monitoring was
createdAll in a database contained information about more than a 200 water meters
for hydrochemical descriptions.

In the tests of waters content is certain for to the indexes: pH, Biochemical
Oxygen Consumptianseltweighted substances, taste, iron a commotggsium,
calcium, magnesium, manganese, copper, natrium, oil products, Chemical
consumption of oxygen, cin oxygen,surface active substances, sulfates, phenols,
phosphates, chrome(VI), percent of oxygenating, hydrocarbonates, resins and
pyrobitumens, rogen ammoniacal, nitrogen a nitrite, nitrogen nitrate, silizo,
pesticHedeaachUor an, -Hexaehbrarn, c pestieides ob p,
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p-dichlorethylene, pesticides of p,-githlorodiphenyl trichloromethylmethane,
pesticides of p, gichlorodipkenyl dichloroethaneand also coloured, smell,
expense of water of the river, speed of flow, temperature of water.

Analyzing results on the whole, it should be noted that content of such substances
as oil products, ions of copper and zinc, suHactve sibstances, nitrogen
ammoniacal, nitrogen a nitrite, nitrogen is nitrate and a chrome general remains
stable during the period of research.

A concentration ohydrogenis one of major indexes of quality of waters, that
influences on the chemical equilibriushions in the system and matters very much
for chemical and biological processksamountn theTiszariver changes from 7,6
to8lodts .

The amount of hydrocarbonates and chlorides in water preserit$52and
10i 17 mg/dnd accordingly.Content & chlorides is considerably below from HDC
(350 mg/dm) and testifies that salt contamination by this anion in water it is not.
The amount of sulfates hesitates a from 23 to 30 my/hat considerably below
from HDC (100 mg/drf). Reduction to the conceation of hydrocarbonates and
sulfates is educed also on stream of the river.

Content of calcium and magnesium in river waters during the investigated period
was within the limits of 3641; 6,5 7,3 mg/dm accordingly and does not exceed
their HDC (180, 40mg/dn? accordingly). In all tests of amount of calcium
substantially prevail content of magnesium. There is a tendency to reduction of
concentrations to the calcium down stream.

Middle-aged of concentration to the ammonium salt in waters did not exceed
HDC (0,5 mg/drd). The concentrations of nitrites in water presented
0,02 0,08mg/dn¥, and content of nitrates is within the limits of aiBb mg/dmn,
that does not exceed HDC (0,08 and 40 md/caordingly).

In obedience to calculations mean values dfexnof contamination of salt
composition(w) 1 1,57; trophesaprobiological (ecological and sanitary) inqek i
3,12; index of specific indexes of toxic acti@s 1 4,02; ecological indefy) i 2,94.

Data of prognoses are erected in a table 1. itiiljaof prognosis is appraised on
the basis of | evel of meaningfulness of
reliability of prognosis. Consider a prognosis reliable enough, in wi@at 0, 05 .
Obviously, that prognoses of content to the amiomo and iron is only an orientation,
as themts> 0,05. All other the prognoses it follows to consider reliable enough.

Prognostication of content of pollutants gives an opportunity not only to envisage a
concentration but also estimate the general teaydafrseasonal change of substance.

Table 1i Data of prognosis and reliability of prognosis

Index, mg/dm? Forecast, mg/din Level of significance
Nitrogenis ammoniacal 0,12 0,48
Chemical consumption of oxyger 6,1 0,004
Biochemical Oxygen Consumptier 3,1 0,02
Generalphosphorus 0,13 0,007

For the prognosis of the state of fhiezawater system by us those indexes that
limit and most suitable for prognostication a statistical method was select: Chemical
consumption of oxygen, nitrogen ammoniagathenols, phosphorus general, oil
products, surface active substances, Biochemical Oxygen Consusnptioiselect
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indexes there were the expected parameters but also b, what necessary for
corresponding equalizations regressions. However, for prognastiaztithe state
hydroecosystems can be used only those equalizations, at what copulas between
signs very closévalue of coefficient of correlation ofnearer to 1) and if calculation
value of t exceedsa tabular valu€it testifies to substantial conneam between a
concentration and sometimes a criteJion

After determination of force of connection between a concentration and
sometimes, appeared, that for a prognosis it is possible to use very small part of data.
Most suitable for prognostication a sstital method average annual data are for
Chemical consumption of oxygen, Biochemical Oxygen Consumppbosphorus
is general and to nitrogen ammoniacal.

The actual task of water control is introduction of extra cleaning of domestic effluents
after a lmscrubbing. Hereupon contamination of waters will be warned and the state of
water objects will become better, and also the recreational value of region will rise.
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According to figures 4/ basic three indexes of Chemical consumption of oxygen,
Biochemical Oxygen Consumptigrand concentration of general phosphorus has a
tendency to the increase, and indexesnaoniumonsi to the reduction.

Conclusions

By the basic sources of receipt of ions in water objects there areratsicig farms
an ammorum, serviceutility sewer water, superficial flow from farmlands at the
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use of ammoniacal fertilizers, sewer water of enterprises of food;at@maical
wood-chemicaland chemical industry.

Increase concentration ammonium and phosphate ionsed as amdicatory
index of process of contamination of superficial and underground waters by domestic
and agricultural flows.
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ORGANIZATION OF M UNICIPAL SOLID WASTE SORTING:
LOCAL ASPECT

i Abstract The approach to organization of municipal solid waste sorting is

i developed. It is proposed to introduce a logistics system for the management and
i handling of solid waste at the locaMel. The system provides a sequence of logistics

i operations for planning and organization of waste management.

i Keywords municipalsolid waste housingestate condominiumresidentialsorting

i station recycling

Introduction

Throughoutseveralyearsin Ukraine preparatiorfor introductionof the European
tendenciesgor municipal solid wastesortinglasted[1i 4]. However at presenthe

resultof it is notsatisfactoryas long as mostf residentiatistricts in Lvivcity have
not beensuppliedwith sufficient amountof containersfor selectivecollection of

municipal solid waste(MSW). Furthermorerelevantinformation supportof such
formatfor rubbishseparatiorandcontroloverits implementation arabsent

Since 1 January 2018 in Ukraine responsibity for unsortedrubbish has
intensified[5]. Now art 32with supplementegaragraptof the Lawof UkrainegOn
Waste prohibits disposalby burial of unprocesseduntreatedl householdwaste
which obligesUkrainiansto sortall MSW accordingto materialtypesinstead by
separatinghemto reusablgrecyclablg, hazardousandlandfilled[5]. Accordingto
preliminaryexpert®predictionsasto implementatiorof regulationon prohibitionof
unprocessediunicipalwaste buriglit would not have hactapacities tostartwork
from 1 January2018on becausef infrastructurefailure. Thus todaythis prognosis
canbeproved to be truenasmuchassinceearlydaysof this paragrapés (in art.32)
effectivity, first successfutesultsaswell asactivemechanism®f controlhavenot
been achieved sfar at all Furthermorethereis no ordinance issued with the list
and sequence of operations concerning M®BAsides thereis lack of rubbish
containerdor sortingandgap incontrolovertheir provision.

Although practiceof sortingwastein Ukraineis not new, it is nevertheless not
well widespread and far from being immaculd&asic challenges in thorough and
systemic sorting areinsufficient amountof containersfor every type of raw
materiaj unorganizedocation of containerghroughoutthe city andits residential
districts lack of qualitativeandquantitativeinformationon MSW, recyclables and
its sorting absencef stepsandincentives forencouragemerit support ofwaste

O I.I. Koval, V.D. Pchrebeniyk, 2018
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sorting failure of control over implementationof all theseresponsibilities To
enhancehesituationconcerned witlsortingMSW in thecity, it is necessaryo start
thework atthelocal level first, namelyat the level of a particular housingstaten
a certain city district

The aim of thework is developingof approacheto MSW sortingat the level of
housing estati a certain city district

Analysis of recent studies and publications

Issue of MSW management system enhancement at the regional level was covered
in the wok [6]. In works [7, 8] ways, steps and instrumentsr achieving
enhancement of economic mechanism in MSW management sphere at both state and
regional levelsvere presente@olutions to be used as models of MSW management

in cities of Ukrainewere laid devn [97 13]. However all these offers as to
enhancemenbf MSW managementsystem developedat state regional and
municipallevels arenotapplicableat housingestatdevel sofar.

Materials and methods of research

Work methods are based on analysiprinciples in management of MSW groups
During carrying out the work schemeof mixeduse housingestatewas used
(MUHE), aimed abutlining rationality of effectivehandlingandmanagementf all
MSW.

Presentation of material

In 2010in Lviv separatecollection of householdwastewas introducedby four
fractions miscellaneousubbish glass paperandplastic Sincethencontainerswith
correspondingmarkings have appearedin Lvivé yards However not all city
dwellersfollowed such sortingThere areseveral reasons thatused itThoseare
lack of particular containers improper waste sorting by residentsand low
information supportconcerningMSW sorting system So, in 2016 new containers
were offered for the city T closedonessupplied with a butin for opening New
cclosec technologyhadto limit unpleasansmell emissiorthroughouthe city, as
well asto complicateaccesgo the rubbishfor OGwaste picker$10]. And evensuch
changéhasnotresultedn successfusortingwasteaslong asmistakeshathadcome
with sortingsystemof 2010werenot corrected

The problem mentioned is still stalled in the cifihe city with its residents
requres framing of new organizationalconditions basedon logistic processof
accumulating sorting and recycling of municipal waste So despite lack of
specialized factories and systems for recycling all M®@w approacheso their
sortingandmanagemenrdre suggestetby us Theyareaimed at reducing volume of
municipal waste for utilization at landfills

Principles of collection and sorting all MSW unexceptionallyare set as the
framework of the approach Such idea expandslogistic circle of their effecive
managemenmnamelysortingand collectionof MSW typeswhich arenot recycled
in the territory of city, regionor state Thesesortedwasteswill be keptuntil their
furtherutilization or possibility of their exportingin big volumesfor processingFor
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their temporaryaccumulationand proper maintenanceconditions city or district
administrationwill haveto providesuchareawith facility.

However first of all, it is necessaryto introduce logistics systemof MSW
managemerdtthelocallevel. Thissystencanbecarriedoutwith thehelpof logistic
functionswhich, in turn, fall into processesind operationsof MSW handling and
managemenrdt thelevel of housingestatg HE).

Logistic procesf MSW managemernis consideredsstreamlinedsequencef
planningoperationsandorganizationof management concerning MSkvovement
from its generatiorto treatmentndfurther controlover sitesof its reprocessing

Thefirst stageof logisticsprocessn MSW handlingandmanagemerfor housing
estateis eshblishing economicrelations betweencondominiumand companies
which dealwith acceptingecyclables as well &armsconcernedvith processing
organicwastefor bio-humusmaking Suchfirms aremorethantenin Lviv to accept
recyclablesHowever in orde to getresidentof HE interestedn sortingMSW, it
is neededo motivatethemfinancially accordingto theprinciple, wesorti we sell
T wegetmoneyi we maintainthe house This money is designated fexpenses of
housingestate upkee(rig. 1).

MSW aeneration Resitlentsiima blockiafflats

g

Separate

uulcITUUU Y

collection

Conglo

35bins for sorting > /

MSW
S “ sale >

[ Meney from selling selective]

To enterprises and

£ vian o

[P

Y Y

House maintenance program

Fig. 17 Schemeof logisticsprocesdor MSW handling and management
in a housing estate

For that purpose, it is necess#éoyconcludeagreementsvith companiesiealing
with purchasef recyclables
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The secondstageis arrangement oé storagefadlity nearbyhousingestate for
collection sorting and storage of waste materials In particular construction
companycGalzhytlobu@ startedconstructionworks of mixeduse housingestate
(MUHE) ataddresg 3, Heroiv UPA str. Thebuildingis designedor 394flats. That
MUHE hasto meetneedsof peopleof different categoriesto offer lodging to
hundredsof workerswhoseoffices are locatednearby meetconsumemeedsof
potential dwellers of residential housesand arrange public spacesfor leisure
activties.

For reachingproperliving level in this MUHE, it is also necessary providea
facility for collection sortingandtemporarystorageof separatedecyclablesSaq,
sitefor suchfacility wassuggested within thiMUHE (Fig. 2).

The third stageis the very arrangemenbf the facility adjoining building-
residential station fasortingandtemporarystorageof MSW (Fig. 3).

Crucial moment is the fact that the facility is locked with a key and every dweller
of MUHE has it This enablestemporarystorageof recyclablesuntil arrival of
specializedsehiclefrom aparticularcompanyor afarm. The process mentioned as
to MSW handling and management of recyclables withinNRBHE is controlled
by a person from condominium

Plasticcontainersandboxes are placed in this facilityrhere are several sections
in the facility. biowaste packagingvaste wastepapeotherhouseholdtuff (Tablg.

Fig. 27 Facility for collection sortingandtemporary storage of MSW
on the scheme dIUHE

Oneof importantpreconditiondor efficientMSW sortingis residentéawareness
about the materialsthey sort In this casea guide on sorting MSW will help
Informationon wasteasa potentialrecycledmaterial will referto availablesections
of MSW sortingin HE, seein the Tablebelow.
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Fig. 37 Facility for collection sortingandtemporarystorageof MSW

In section A of facility organievastefor compostwill be collected in containers
Foodwasteis collectedin a paperbagwhich is throwninto brownbin. Composted
wasteundergoegurther processingnto nutrientrich soils (biohumus.

To food waste items belong as follavesead cookies biscuits, spongeakesand
buns fruit, eggandvegetablepeels coffeegroundsandtea leavesaswell ascoffee
andteafilters; meatandfish bones fish andseafood wastdood leftovers cooked
andraw meat fish, vegetablesfruit, eggs milk, flour, cerealsand pasta snacks
candiesandchocolate witheredflowers, pottingplantsandsoil from repotting, etc

In container for compost items should be collecteslich as organiwastefrom
kitchentable rawandcookedfruit, vegetablesndtheir peels cerealseggshelltea
leavescoffeegroundsplantresiduesfterstraining herbal infusions and decoctipns
meat and fish waste (in closed compostersonly), food leftovers Also to this
containerit is allowed tothrow shreddedliscardedpaperfrom natural materials
(paper card package shreddednewspaperspaper tissues, towels, servietles
gardenwaste decayedeaves(lastyeaks), smalltwigs (branchlet¥ after trimming
and pruning of healthy trees and shrubs grass clippings mown from lawns
shreddefthoppedwood (big branchesroots rind), annualweeds No throwing
stubs papercoatedwith wax or afilm, aswell asothernot biodegradableaste

Besides, irthis section alongsidecontainerdor compost therearebins placed
for wasteto be incinerated Such wasteshouldbe packedand put into greenbin.
Waste will be incinerated for electricity or heat geation Wasteto incinerate
comprise ash(cooled; parchpaper balloons candlegstubg andpapertablecloths
nappies sanitary napkins and wash cloths (textile wash cloths(microfibre));
videocassettedloppy disks and CDs vacuumcleanerbags(unwoven materia);
dishtowels dish brushesand spongescigarettestubs tobaccg woodenandplastic
hangers collection bagswith sandfrom cats litterbox and dogs poop leather
toothbrush cotton cottonwool andplaster chewinggum textile andyarn wage;
plasticpots envelopes
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Tablel Sections ofesidential MSWsortingstation

Section¢ Section B Section C Section D
Waste to PW: Wastepaper Other household
composting stuff
17 from glass(by colour): 17 newspapers| 11 wires
1 @clear 1 8 green 1 ® magazines| 21 small electrical
1 § amber yellow 1 B catalogues | appliances
(jars andbottles; 1 § advertising| 31 lighters
271 from metal: leaflets(junk 47 batteries
2 @ tinplated candids; mail); 51 lamps
2b i aluminiumcangfoil; 1g7 flyers; 61 cullet
2c1 aerosokans(empty); 27 clean and 771 windowglass
37 from mixed material: used paper 81 disposable
based on paper and 31 copybooks | razors
cardboard 47 books and | 97 thermometers
basedon aluminium foil, phonebooks 107 kidstoys
metalized without hard 117 hard cover
etc (TetraPak,PurePak Eco | cover, from books and
Lean,papercups heatsealed | 57 cardboard | phonebooks
packaging®tc); without 127 sales
47 from plastic (7) polyethylene slips/receipts
(by marking3: film; 137 egg cartons
4 © PETE;4b 7 HDPE (cardboard 147 sticker paper
4ci PVC; 4d i LDPE; boxesand labels
4ei PP;4fi P S Y-E;P S | packingboxed; | 157 shockproof
491 OtherO; 61 paper bags | glass fromgadgets
(flasks containersbottles (clean (smartphoneand
transparenandcoloured tablety;
nontransparentwhite, yellow 1671 heatproof
Sectiond andblack caps films, bags; glass(broken heat
Waste to 4hi recycling code unlabele proof dishwarg
incineration | plastic 177 cutglass warg
57 from foam 187 mirror,
polystyrene/styrofoam 197 wallpaper
2071 gift wrapping
paper
217 decorators
tapg
2271 photographs
2371 wrapperdrom
sweetscandies
chocolatebars
pastrieswafers
247 drink straws
2571 ceramics
267 cigarettes
packs

Section Bis designatedor sortingpackaging waste In orderto sendsuchwaste
to recycling they shouldbe cleanedfrom food residues odirt and dried, and if
necessarydepending on kind of PMpressuredr flattened Also if required td
removelid/cap, labelandsortthemrespectivelyto recycling
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Collectionof glasspackagingbottlesandijars fromglas$, is fulfilled by colours
asfollows: clear, greenand amberyellow. Glasscan be recycledinto new glass
containergnfinitely manytimes For recycling glass, it needs to be conveiritego
cullet Production of new glass from recycled glass material reducesenergy
consuming byt0%. Fromrecycledglass glasswarelecorativetile andotherwares
areproducedDuring productionof 1 ton of glassfrom cullet, sandusageeducedy
600kg, limestoneby 170kg, soda ash b§90kg andfeldsparby 70 kg.

Such metal waste is sorted as follows: aluminium foil; aluminium molds
aluminiumcans (tins)tin-coated steel carendlids; empty spraycontainersetc
Big amountof energyis savedwhen reprocessingnetal Metal can be recycled
infinitely manytimeswithout spoiling itsquality.

Packaging frommixed and multilayered materials, which recently acquired
widespreadisagein particular Tetra PakPurePak ELM (Ecolean Materialgtc
aresubected tamandatorysorting.

It is also worth collecting separatelypaper cups from coffeg tea or other
beveragerinks, sincethey containglue, which doesnot allow to recyclethem
inasmuchas adhesives are impossible to remove during transforming pafzer
pulp. This papetis alsolined with plasticor waxy layerwhich enableshot liquid to
be keptwithin a cup, thoughit is the onethatdoesnotallow to procesgaperfibres.
Laminated papeis required to sort separately from other the mentionedeabov
packagings aswell. Such type of mixed material is composedof paper and
polyethylene It is usedas heatsealedpackagingsfor spices seasoningsdried
instant foodsaswell as medicationgpills, disposablesyringes plasters medicine
gloves,etc). Candiesvrappersnakeup somepartof mixedmaterial sotheyshould
be collectedseparatelytoo.

In the sectionfor packagingwaste,bins to sort various types of plastic (by
marking are placed On polymeric packagingthereis alwaysmarking (recycling
codg to identify which typeof plasticit is madefrom. Plasticpackaginggall into 7
kinds of plastics eachhasits own numeric symbol which manufacturergut to
inform abouttype of material possibilitiesof its recyclingandto facilitate process
of sortingandre-useafterrecycling Suchitemsfrom plasticaresortedasfollows:
cellophane rigid plastic packagingi polymeric bottlegflasks containers jars
bottlesfor example from ketchup mustard yoghurt water, plastic cupsfor ice-
cream bottlesfrom shampogdish soap bottles and detergent/cleaner;jtagmed
polystyrene plastic lids, caps soft plastic packagings miscellaneoudilms and
wrappingmadefrom them for example from dairy or meatproducts plasticbags
shackpacks plasic plant potgno soi). In these containers it is not allowed to throw
packaging which contaihazardouswvastei paint or motor oil, as well as dirty
packagingstoys etc Also in this sectionalongsidecontainerswith the above
mentionedpackaging waste@nemorecontainetis placedfor packagingvastefrom
foamedpolystyrenéStyrofoam namelypolyfoamdisposablelates

In section Cwastepapeshould be sortedn particular newspapersmagazines
catalogues books and notebooks(no polishedhard coves); copy-books office
paper for notes, drawirandenvelopesadvertisindeaflets (junk mail)flyers; other
printed products gift wrappingpaper To be sortedalso cardboard cardboardof
various type without polyethylenefilm coating (cardboardboxes and packing
boxey; paperbagsandwrappingpaper(clean; paperboxes(cartons) for example
from loose products[14]. Paperor cardboardilled with food residuesor paintas
well aspapercoatedwith plasticor glue arenot allowedto leavein the contaner.
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In sectionD all householdstuff is collectedthathasnot got appropriate disposal
systemso far. Those items are not to be hauled to MSW landflischwasteis
plannedto collect sort and store until the momentof its processing method
identification

The fourth stage involves preparatiorof MSW in householdsuntil being
conditionedfor selling to recycling enterprisesSuch conditionsare as follows:
sortingof householdvasteto recycling rinsing until clean maximumcompressed
and flattenedecyclable items

Thefifth stageincludesseparatiorof wastematerialin residential MSWsorting
station Each type of waste will have its own separate contaliers, abouB5 bins
for sortingMSW will be placed in such station faciliffig. 4).

Fig. 41 Storagefacility with binsfor sortingwaste

In many countries in particular Sweden Australia Japanand otherseffective
practice as to using guide on sorting householdwaste byresidentshas been
introducedalready to provide any helpful formation about separate collection of
various waste types and their disposal methodSreatBritain i s m aublisbbins
are set to go on sale. The invention has system of recogaittomaticallyto tell
recyclable wastesom the ones to batilized [11].

With the support of companies¢SankomLvive Ltd, AWE Lvive Ltd,
cLvivspetscommuntrais LME (Lviv municipal utility enterprise) GreenEra
Ukraines Ltd, it is alsoworth framing a systenfor improvement ofinformation
supporton the propersorting of different waste typesThe systemshouldinvolve
specialized electronic and information terminal

Conclusions

Tendencyof sortingmunicipal solid wastein Ukrainewasanalyzedand causes of
unsuccessful introduction of MSW separate collection systerdkraine were
established

To introduceeffective MSW sorting systenin cities, a new approachwas
suggestedor organization of municipalastesorting athelocallevel andstagef
logistics processconcerningMSW managemenand handlingfor housing estates
weredefined
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FRENCH GREEN BUILDING RATING SYSTEMS

Abstract.Most of the Green Building Rating Systems have similarities in common

more than differences. All of these systems are tryingntemrate issues of
environmental protection and health in the buildifgr e n c h Haut e Qu
Environnerentale (HQE) system identifies 14 environmental targets for building
divided into four groups of objectives: site and construction, management, health,
comfort. These targets have implications for all steps of the design process and
production of the builthg and also taking into account the land, the landscape,

the neighborhood and the transportation systerhs. green building construction

is a global issue that can find regional solutioRsench system is suitable for

Ukraine mentality, because for cemt situation we need new technologies and
modern knowledge to developing green building sector. HQE has better
innovative extension of the concept to the urban planning operations in compare
with other worl dbés | eading enttsysterdsar ds f ¢
Keywords greenbuilding; certificationsrating systemenvironmentakafety

Introduction

Green Building, also known as Green Construction or Sustainable Building, is a
relatively recent concept. From the prevailing classical buildinggde®ncerns of
economy, utility, durability and comfort, the new concept came to initiate an
operational response to the need to include long term development criteria that
integrate the environment concernts in t
an fienvironmentally friendlyod process |

O u.1. Kryvomaz A. Michaud,D.V. Varavin,A.R. Perebyno2018
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land use, energy and water consumption, in addition to air and atmosphere alteration.
Considering the statistics and the impact of the built environment on human health

as well as the natural environment, reducing the amount of natural resources
consumed by the buildings industry and the amount of pollution given off is seen as
critical to achieve sustainability. Green Buildings are expected to reduce greenhouse
gazes,sae t he natur al resources and meet t
comfort and safety; in addition to their promising projected value within the global
economy [3].

Outstripping the sectors of transport and industry, buildings are also responsible
of air and atmosphere alteration by 39 percent of the carbon dioxide emission [9]. In
the United States buildings use about 40 percent of the total energy consumed, and
account for 13.6 percent of water (per day) and approximately 72 percent of
electricity consumption [8]In France, the building construction sector consumes
about 43% of final energy (31% for the transport sector) and accounts for nearly a
guarter of emissions of greenhouse dgech country has traditions, history, rules
and a lot of thingshat make their houses unigue, even in one country we can find
many differences bet ween regions. The
unfortunately, the rest of the world, with different proportions, does not break the
rule and things are worst elskere, especially in the growing economies [3].

The issue related to the reduction of energy consumption in building sector is
firstly related to ecology: the main goal is to reduce emissions of greenhouse gases
to protect the planet against climate charfigee priority given on the control of the
energy consumption has two targets: limit the use of the fossil energies, because the
global reserves of fossil fuel fall down sharply, and strengthen the purchasing power
by lower expenses related to energy comstion [2]. Reducing the amount of
natural resources consumed by the buildings and the amount of pollution given off
is seen as a crucial challenge for and a critical key to achieve sustainability. The
international consensus and commitment to a sustaindelopment and the
obligation to find innovative solutions to the rarefaction of the natural resources and
control the greenhouse effect, combi ne
comfort and safety is largely considered as the main challdnge @1st century.

From an environmental point of view, the benefits of a raise in Green Building
practices are well worth the efforts to grant. Green Buildings are expected to reduce
24 to 50 percent of the energy use, 40 percent of the water consun3@titm39
percent of the CO2 emission and up to 70 percent of the total solid waist [6].
Moreover, from an economic point of view, the projected Green Buildings value is
substantially promising. Besides, the environmental impact of buildings is often
undeestimated, while the perceived costs of green buildings are overestimated. A
survey by the World Business Council for Sustainable Development found that green
costs are overestimated by 300 percent, as key players in real estate and construction
estimatehe additional cost at 17 percent above conventional construction, more than
triple the true average cost difference of about 5 percent [10].

Purpose of Research

The objective is to integrate issues of environmental protection and health in the
building sector of Ukraine with using the best positive practical experience of
France.t allows the builders to promote their efforts to reduce the impact of their
operations on the environment and health, and to maximize comfort.
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Result of Research

In France e Consumer Code requires a separation between the certification agency
and the company that produced the certified product. There are two main
organizations that lead the green building in France. In one hand there is the French
government, who passed lsvon the energy efficiency of the buildings, called

Air gl ementation thermique (RT)o0 (the FI
and on the other hand, with a wider approach which take into account all the aspects

of the sustainable development, these it h e fiHaut e Qualit® I
(HQE) system, which has been developed in the 1990s by the HQE association [5].
The first project with a HQE approach was initiated in 1993, as a part of the program
Ecology and Housing. The objective was to integliagues of environmental
protection and health in the building sector [7].

In order to improve the representation and to promote the green building
construction in France, some French associations and firms have created the French
Green Building Council, ith is a member of the World Green Building Council.

The main objectives of the council are to promote the green construction toward the
public and help the professionals who want to develop green building projects.
Beginning in the 1980s, labels, standardertifications, and references have been
developed in France, as in the rest of the world. Obtaining a certification or a label
is a voluntary process initiated by a client or a developer who wants the quality of
its constructions recognized. These lalamd certifications are indicators for a buyer

or prospective tenant, in terms of comfort, saving costs and environmental
protection. Today, many building owners and developers are concerned about the
environmental and energy challenges mentioned abdVe referential of
certifications and labels serve as guides for those who wish to improve their skills in
environmental and energy quality [2].

The French HQE initiative.ln 1995 a manufacturers' association of construction
products (AIMCC 1 Associationdes Industries de Produits de Construction)
registered t he trademar k ( HQEE) whi
Environnemental ed (High Environment al |
association (AAssociation pour nio@a Haut e
gl obal approach that ensures better con
stage to construction, operation, maintenance, renovation, and deconstruction. Such
objective would be achieved, mainly, by monitoring the impacts on the external
environment (Ecoconstruction, Eocsanagement) and creating a healthy and
comfortable indoors environment (Hygrometric, Acoustic and Visual comfort as
well as areas, air and water quality). The association consists of a number of public
or collective bodie (associations, labor unions) representing all the actors of the
building sector: project owners, consultants, contractors, manufacturers of
construction products, experts, etc., organized in five middle colleges within the
board of directors. Members aveganized in working groups to elaborate reference
tables, produce thematic states of the knowledge, organize working sessions and
promote the French approach in the international technical exchange circles, or with
the standardization organizations sashAFNOR, CEN (the European Committee
for Standardization), and ISO [3].

ISSN 24114049 [ S sdztse ' YdzO@ BJL Y jC O SOIANHBEHSS Sted



It is very important to understand that the HQE is not a rating system like the
LEED or the BREEAM, but it is only an approach. Since 2005, if they match the
approach, commercialuidding can receive a NHQE certification. It allows the
builders to promote their efforts to reduce the impact of their operations on the
environment and health, and to maximize comfort. The HQE approach aims to
satisfy three requirements: obtaining allley indoor environment and comfortable
for the occupants, controlling the impact of the building on its external environment,
and preserving the natural resources by optimizing their use. This approach is also
part of the current priority of controllingonsumption energy and greenhouse gas
emissions, by integrating of energy performance thresholds from the beginning of
the building design [2].

Principles of the French HQEE Approac
Green Buildings in France designed topnove the environmental quality of the
built environment. It leads to a certification that approves the consideration of
environment al i ssues in the constructi
contracting authorities, architects, manufacturers and pretmeurs control the
building impact on the outdoors environment and create a healthy and comfortable
indoors environment for their clients. It can be used as a criterion for investors and
property developers to monitor the financial performance of a ihgildr a
portfolio. HQE is applicable to all types of new and existing buildings in the
residential, tertiary and industrial sectors [3]. To supervise the implementation of
environmental quality in building construction, the HQE system does not provide
a ranking system as the LEED or the BREEAM, but instead gives an environmental
profile [2].

The Haute Qualit® Environnementale st
HQEE, was developed in 1994 i k. Thisance
association suppts stakeholders, designers, partners, developers, and users during
a projectds phases and aims to guarant e
HQEE covers buildings throughout their
construction, opet@n, and renovation. It is addressed to nonresidential and
residential buildings, and detached houses. Furthermore, a specific scheme for the
management system of urban planning and development projects is also available.
The environmental performance tegments are organized into four topics that
together include 14 categories. Topics are almost the same for all building types, but
the targets are arranged differently for residential buildings and nonresidential
buildings (i.e., commercial, administnag, and service buildings). The system
identifies 14 environmental targets divided into four groups of objectives: site and
construction, management, health, comfort. These 14 targets have implications for
all steps of the design process and productioth@fbuilding (fig.1). Today, the
HQE expands beyond the 14 targets, taking into account the land, the landscape, the
neighborhood and the transportation systems [2]. In addition to the 14 targets and
their subtargets (not included in table 1), the folioly Environmental Indicators
are also assessed: 1) Consumption of-nreorewable energy resources indicator;

2) Climate change indicator; 3) Water consumption indicator; 4) Waste production
indicator [5].
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Controlling the impacts on the outer Create a satisfactory internal
environment environment

ECO-CONSTRUCTION COMFORT
1. Harmonious relationship of the 8. Hygrometric comfort
building with its direct environment 9. Acoustic comfort
2. Integrated choice of products and 10. Visual comfort
construction materials 11. Olfactive comfort (No unpleasant
3. Low site nuisance/pollution smells)
ECO-MANAGEMENT . HEALTH
4. Energy management 12. SanFtary quality of areas
5. Water management (Cleanlmesg of the
6. Process waste management internal environment)
7. Servicing and Maintenance 13. SanFtary air quahtyA
Qanagcment \ 14. Sanitary water quality /
N e

Fig. 11 The main targets of the HQE apprbac

The conventional aspect of this grid is not always suited to the daily practice of
construction, but it nevertheless represents a basic tool, especially for certifications
that validate the environmental quality of buildings. Anyway, the applicatitimeof
approach is always a matter of compromise, in which the owner must be involved.

HQE certification. The HQE Association has developed many schemes,
exploitable in France and abroad. It is structured to have three organizations in
charge of deliveringriai onal evaluations (Certiv a,
for supporting the evaluation across the world [5]. A building project obtains an
assessment for each target expressed according to three ordinal levels: basic,
performing, and high Performing. T certified, a building must achieve the high
performing level in at least three categories and the basic level in a maximum of
seven categories. This rating system does not weight each category by a weighting
factor, because they are considered to htheesame importance throughout the
assessment framework.

To develop the approach, the French government gives financial incentives
reducing the taxes to the owners, builders, associations, who follow the HQE
approach to design their building, residential @dmmercial. The NHQE
certification is for all commercial buildings, whether public or private, and take into
account the phases of planning, design and implementation. The NF Commercial
Buildings HQE already covers most sectors of commercial buildihggill be
gradually extended to new categories such as sports or cultural facilities, which are
not yet in the certification system. In order to receive the certification, the
commercial building must respect the requirements of the standard concerned
(det ermined by the future use of t he bl
validates the certification, after consultation with the HQE Association and a
committee composed of representatives of building owners, users of commercial
buildings, and actori the construction sector and construction experts [2].

FIDIC, the International Federation of Consulting Engineers (the acronym stands
for the French version of the name) represents globally the consulting engineering
industry. The Federation promoteket business interest of firms supplying
technologybased intellectual services for the built and natural environment and
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recognizes that the work of the consulting engineering industry is critical to the
achievement of sustainable development of the soaied the environment. FIDIC

has issued a number of Policy Statements about issues relevant to the consulting
engineering firms (particularly relevant to clients and financing agencies in
developing countries). The Project Sustainability Management Gugde(PSM)
published by the International Federation of Consulting Engineers (FIDIC) were
created in order to assist project engineers and other stakeholders in setting
sustainable development goals for their projects. The process is also intended to
allow the alignment of project goals with local conditions and priorities and to assist
those involved in managing projects to measure and verify their progress [3].

There are some other labels, which are used in France, like the German label
Passivhaus, the $sg label Minergie, or the French Effinergie. These certifications
have been designed to supervise and assist builders who want to make their buildings
particularly energy efficient. To obtain one of these labels, the project managers have
to follow the rderential of the label, and ask the certification to an accredited
organism. The requirements of these labels are expressed in terms of objectives and
limits not to be exceeded, but do not give any solutions to reach these targets. They
require neither catructive choices, or materials, or technigues, or energies, in order
to allow any freedom of design and innovation in project management (architect and
engineering). However, as shown by examples of achievements, materials and
applied technology are oftéhe same, regardless of the certification. The additional
investment costs to reach these performances are about 7 to 15% compared to a
building following the RT 2005 requirements. But the investment is quickly
recouped offset by the savings of energystonption [2].

The Environmental Management System (EMS) constitutes the Organizational
aspect which defines the tools required to pursue the operation and to structure the
interfacing between the various parties involved in the project. The EMS, closely
tied to the International System of Environmental Management ISO 14001, includes
an examination of the site, the objectives of the operation and the needs of the future
users. The building owner elaborates, on the base of the building plans and
schedulingthe implementation and the oversight of the construction, in order to
manage the quality of the processes. The EMS is periodically internally evaluated in
order to make sure the operations are linked with the goals. It aims to provide a
framework for builérs and provide tools for decision makifigne ISO/TS 21931,
2006 i s a framework technical speci fi
environment al per f or maThespecificdtion detailssand u c t |
follows the principles set out in the@S14000 series of standards [3].

The latest version of the French thermal regulation, the RT 2005, has been passed
to meet these goals. It is applicable to all building permits in the residential (housing)
sector and nonesidential (commercial) sectoinse the 1st of September 20086. It
strengthens the control requirements of the energy needs for new constructions of
15% compared to the previous thermal regulation law (the RT 2000) [4]. The next
thermal regulation, the RT 2012, strengthen the thermairegents gradually in
order to reach the target of 40% reduction of energy consumption in 2020. The
RT2012, is an addition to the RT2005, it insists on four main energy efficient
systems and oblige to: 1) Reduce significantly thermal bridges (externitating);

2) Use condensing boiler to produce hot water; 3) Use heat pumps; 4) Continue the
development of renewable energies, in particular for heafimg buildings that are
more efficient than the requirements of the thermal regulation may be cebijfied
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iciency). The BBC | ab eil Lom ddri@umiptiore n t b
Il di ng) : Gl obal energy consuyag.tTheon i s
ffinergielabel can be validated by obtaining the BBC level [2].

The green building construction is a global issue that can find regional solutions.
If the climatic warming and all the environmental issues we face are global and touch
any countries, the solution® treach a sustainable development must take into
account regional specificities, such as the climate, the local raw materials, but also
the local governments, the knowledge and capacities of the local firms. Any solution
that is viable in one country mag bot adapted in another. That is why organizations
of green buildings, if they want to export their certifications abroad, have to adapt
their referential to the market targeted. The green building construction sector is in
constant evolution in the worldnd we can hope that the green building will become
the standard of construction, and not only an exception, for the health of the Earth
and mankind?2]. The findings of the comparison the French HQE and the American
LEED assessment systems show an atdgnfor the French system in addition to
its innovative extension of the concept to the urban planning operations [3].

Because the development of our cities and housing environment does not comply

any more with the current requirements of sustainabitiig, necessary to develop
the practices of the town planning. Furthermore, the only juxtaposition of Green
Buildings does not make a sustainable city and the environmental performance of a
building has no value unless it joins a full urban planning ptojehis new vision
needs an evolution at the level of the urban environmental performance, which has
to be conducted in a gl obal way incl u
methods of town planning actors have to be modified in depth to achievecthi
challenge. From this point of view the French HQE is much further ahead in
greening the environment than the American LEED by extending the environmental
quality to the urban development. This is definitely the great innovation of the
French assessamt methodology [3].

e of the five | evels of théedHighRRergy abel
f
i

0
e
b
E

Conclusion

Most of the Green Building Rating Systems (GBRS) have similarities in common
more than differences. This is due to the fact that all of these systems are trying to
integrate issues of environmental protection and héalthe building. Therefore,

the principles are and should be nearly the same to design policies, develop
approaches and undertake actions in order to reduce the overall impact of the built
environment on human health as well as the natural environmetific@gons are
indicators for a buyer or prospective tenant, in terms of comfort, saving costs and
environmental respect. It allows the builders to promote their efforts to reduce the
impact of their operations on the environment and health, and to raexaminfort.
GBRSs are assessing the buildings according to environmental and economic issues
today. In addition to the environmental and economic aspects, there is also the social
aspect of sustainability. The issue related to the reduction of energyruituin
building sector is firstly related to ecology: the main goal is to reduce emissions of
greenhouse gases to protect the planet
Environnementale (HQE) system is not a rating system like the LEED or the
BREEAM, but itis only an approach. The system identifies 14 environmental targets
divided into four groups of objectives: site and construction, management, health,
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comfort. These 14 targets have implications for all steps of the design process and
producton of the building. Today, the HQE expands beyond the 14 targets, taking
into account the land, the landscape, the neighborhood and the transportation
systems. The green building construction is a global issue that can find regional
solutions. HQE has amadvantage in the number of environmental -ssies
evaluated compared to other GBRSs and is much further ahead the consideration of
the urban development operations is compared. Seems that French system is suitable
for Ukraine mentality, because it is grain approach and for current situation we
need new technologies and modern knowledge to developing green building sector,
but it is too early implement certifications rating system. French system has better
innovative extension of the concept to the unblanning operations in compare with

ot her worl dodés | eading standards for Gre
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CALCULATIONS OF THE SYSTEMATIC VERTICAL DRAINAGE
UNDER PROTECTION OF THE | RRIGATED LANDS AND THE BUILT -UP
TERRITORIES FROM THE GROUND WATERS SUBMERGENCE

Abstract. The methodic of the solution of the problem of the transient flow in
multilayer heterogeneous in cross section aquifermatdeling of the vertical
drainage work wi different boundary conditions on the contour of the drainage
well is proposedThe numerical aspects of the solution of the given problem and the
example of solution the methodic task for scheme of the-ldyeeaquifer at the
constant drawdown of thground and underground waters on the well contour are
considered.

Keywords analytical solution transient flow numerical algorithm vertical
drainage multilayer aquifer

Introduction

It is known that the vertical drainage is widely used in solvingpttodblems of
protection against the flooding by the groundwaters of the irrigated lands and the
built-up areas. In most cases it is necessary to consider the transient filtration in a
heterogeneous multilayer aquifer with an interconnection between thexquaiers
through the weakly permeable layers of soils with low filtration propertie§y.[1

In this work the problem of transient filtration in a thteger aquifer with a
constant drawdowi®, in the main aquifers consisting of twougfgrs of ground and

underground waters separated by a weakly permeable separation layer is considered

(Fig. 1).
This problem was investigated by many

£
! authors for different calculative schemes
Ll in.—i%wﬁ

and boundary conditions. Some aspects of
the given problem ere considered for
example in the works [®]. In the given
event a rigid filtration regime in separate
layer is adopted. The algorithm and the

"A.A.

77
53

0 corresponding computer program are
SR :‘ 0 - - -
e te o developed which allow to simplify the
AR AN DY solution of the abovementioned problesss
oo e 2Ble 2 25, the analytical solutions are more complex
WIT I v ie Vil it dddd tis g .
TR P and difficult. The proposed methodic has a

practical significance at decision the
Fig. 1 i Calculative scheme fol problems of the ecology and for evaluation
vertical drainage in threlyer and planning water resources.

aquifer
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The formulation and numerical-analytic solution ofthe given problem

For given case the transient radial filtration in this system is written by the following
system of differential equations:

S, 18 g oo b5
al t B hls - s)re=T .
3 1
’S, 1
az% H2gen(s-s)=t2
(;I.J.r ru =
T. T k k - e
where =1 =3 =2 - b, =—2—; e="5:
- m % m mm, mm, m
R:j%:Q&E;ﬂ: m; T, =k,m,

S(r,t): Hy - H (r,t) i the drawdowns of levels of ground and underground

waters respectively in the $irand second layer$d , and H; (r,t) i water levels

according to the start of drainage and in the process of water withdrawal;
k., K,,Ks, m, m,m,m,,m, i respectively the coefficients of filtration, storativity
and the thikness of the main waterbearing laye®; i average intensity of
infiltration supply; S 1 the distance between the drainage wells;1.2.

The system of equations (1) is solved under the followirtgairand boundary
conditions on the outer contour of the aquifer:

t=0, §=0 2
t>0, r=R W =g 3)
ur

and the boundary conditions on the contour of the well with ragider different

variants, namely: water witlrawal with constant drawdown in both layers; water
withdrawal at constant drawdowns in the lower layer and water withdrawal with
constant discharge from both layers:

t>0, r=r, §S=5 (4)

t>0, r=r, Llf'—o S =5 (5)

t>0, r=r,, E:0, 2prTi£=-Q. (6)
W M

Let us represent the solution relati&ein the following form:

S =Si(r,a)+silr.t), (7)

ISSN 24114049 [ S sdztse ' YdzO@ BJL Y jC O SOIANHBEHSS Sted



where the drawdowﬁi(r,o ) is found as a result of the solution of system (1) with
t- = (uS/ut) =0 and the given boundary conditions; the drawdcﬁii"l,t) is

found by solving system (1) @& =0 and the boundary conditions for each of the
above cases.

The solution forS under the boundary conditio(®)i (4) has the following form
[1, 2]:

() =200 La(w w 1) ©
si(re) 20 Law w 1),
e
I (cr _ K, (cR
R ;ﬁgé) o) Klen)- Tfl((f:? ofer)
T=Km+Km, T,=Km, T,=Km, c= %TTT
112

Since cr, < 4 then we can write that, (cr,)° 1, K, (cr,) =In

LAt r=R
0

levels of ground and underground waters are calculated according to the following
formulas [1]:

X g

R& R 0T B &
Si(Re)=5,- ——gn—-058 2R ——— 9
- ® (0]

TR 2T E 1120

c Cro -

(9)

% g

_ _ eR’8 R a T B &

Sj(Re)=S,- E?%—- o.5§- ?eog- 13 6
g o

e O

g -_—

K(eR) g K,(cR)+ K,(cR) 1,(cR).
I,(cR)’ ,(cR)

The system of equations relative & is solved under the boundary conditions
t=0, Sii=- Si andt>0,r, =1,, Si=0 and condition (3).

We use Hankel's transformation relativeSp in the form:

where A=
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HIsilr.t] = Fiva(prsi 10)

with kernel conversion

Vo (pr) = jo(pr)Vo(pr)- jo(pro)Ys(pr) (11)

where p T the roots of the characteristic equation
i (PRI (1) Jo (1o )¥o(PR) = 0. (12)

Using the relationships resulting from the properties of the fundﬁépr),
namely: Vo (pr)- 0,Vi(pr)+ prvi(pr)=- prvo(pr),  Vi(pr,) = 2/ppr, we
R
obtain the followingH .- lug “S"w_ Vo(pr)-= Ha HS*"80Ir = - pSi
WG

er pr (} W o
Hence the system (1) can be written as:
Ch-asivns, Thetsins 3
wherea =-ap’- b, b=-a,p*-h,. (14)

With t =0 we have that

Si =- [{SV,(pr)dr =Si. (15)

o

Solving the system (13) we find:

Sln(pt) Sj = Sﬂ( a)/l blsé e/t Sll(a/ /_ )/+blSlie/t .
SL'( bz) bSi &t 4 (b2 /1)+b§| o
si(p.t)=Si = >

1 2 1
where

/1:a+b }aa b8 +bby; /2:a+b_ /aa b8 +bb, a7)
2 ¢ 2 2 ¢ 2

The transition from the images of functi(ﬁsli( p,t) to their originalsS§ (r,t) IS
performed according to the following formula:
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Quite a difficult problem in determining the drawdomﬁlii( P, ,t) and Sji(pn ,t)
is finding the quantities§li and §g by formula (15). In general the expressions

relative to §1i and §j can be rewritten in (8) in the following form:

§=ar+bin L gl ek, )+, )
0
2
where a:i’ :_ﬂ, 91:0'1A, 92=0'2A. 0,1: i T3€'o
ar 2t A 1120
@ cr0 Y
a,=- — LG ~,Cl=So-£eo, C2:80+Le0, A= 20D .
Ta + 1.12Q T T
éﬁ cr, 8

Substituting the valugli into (15) we obtain that:

Si= FI;T 3, (pr)dr - bl’f InrV,(pr)dr- g |1 (crV,(pr)dr -
’ (20)

R
- d| ﬁKo(Cr)\/o(pr)dr' ﬁ:i rVo(pr)dr

where the functior\/o(pr) is in accordance wh formula (11). Then the first integral

can be represented for example in the following:

R R R
-a ﬁa\/o(pr)dr =a zﬁ3j0(pr)dr +awﬁ3Yo(pr)dr

1,12

where g=-Y,(pr,)=064In=—= o w= jo(pr,)°
0

In the same way we can write the other integrals in equation (20). As a result of
computing the integrals we tain the following formula for determinatioﬁi:

=1 . . . . .
S _2( 1+b/2+gJ3+dL/4+C/5)’ (21)
where/, =q/ i+ W i (I :E)
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ji=mm- 2i(m fi= (- 2v,(m)- /,8,;7

pi=amn (o) o3 ) §= i %)+ (n)+ 0640, &%
. &l )V (m)+ mhy (S, (m)+ 2

P R T B p.

aco

1+ & p 1+%§
IR PRGN It S i)

/i Ach N Ach

1+ 1+
. . . 2 _ . r —
j i = (m; /ai=m/1(ﬂ?+/—): m=PRC=CR =gl =2

The calclated on the computer values of the paramefeirg i and g for

various valuesnp,Fo and c were tabulated and summarized in the corresponding
tables.

0.64In ’17

c . 1 .
WhenC >3 wemay take ; ; - s
Acd Acd

g 1+%ﬁ
Finally the formulas relatively drawdownﬁ_(l’,t) and Sz(r,t) have the
following form:

s(rt)=si+Z aP(nz)\/o( )S (m.t), (22)

2
% T tabulated function.

1
The total withdrawalrom the wellQ consists of the flow from the upper and

lower aquifers. Using the known dependence of the type:

where P(ng) °

Q =-2o0T, E (23)

r=ry

we get the reIationschl(t) and Qz(t):
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Q) =Qi+20°T,& P(m)si(m.1)
n:l (24)
Q,(t)=Qi +20°T,&4 P(m)Si(m.t).

n=1

whereQj and Qj i the discharges at the stationary filtration regi(’he 0):

Q]! - pT§1 (RZ _ r.02)_'_ 2pT-ZII._T3eO G (25)

Qj = p & (Rz ) roz)_ 2p1. 1,6, G (26)
T T
1

G= 0i=0j+0j = 22|
i Q=Qi+Qi=p & 17) o
crgh——+Ag§
-

For engineering calculations the formulas (28%) can be simplified to the
following form:

Qt)=Qi+Q%'"; Q,(t)=Q;+Qle" (28)
where Q° = 1S (R) TR’ (i=12)
Y,(m)+0.641 ,(m)in 'nzr

and the drawdown§ (R) are found by the formulas (9).

For verification of the developed numerical algorithm the methodic example of
the filtration in thredayer aquifer where the drainage well is working with a constant
drawdownS= 5.0min both layers in the center of the round filtration domain with
radiusR=500.0 mwas considered (Fid.). The thickness of tHayers is respectaly
m. = mg= 10 m, mp = 5 m;, filtration coefficientsk; = 5.0m/day, k. = 0.01 m/day,
ks = 20 m/day storativity coefficients® = 0.1, & = 0.002and the value of the
infiltration rateU= 0.001m/day The given scheme corresponds onthefsystematic
plane drainage where the wells are situated on the distané®d = 885.0m one
from other.

The results of the numerical calculations of the drawdo®yremd S, according
to the formulas:

2 —
S(0)=5+2-8 PlmMo(m)s (m.1). (=12 29)
atR =500 mfor different times are presented on the Fig. 2.
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Fig. 21 Calculative graphs of the drawdowns in thiager aquifer

We can see from the obtained graphs that at times 2000 days and more the
filtration regime close to steady one inbaguifers and the steady regime is reached
at time 5000 days after pumping begins. At this the value of the withdrawal from the

first and second layer®, (t)and Q,(t), Q(t)=Q.(t)+Q,(t) calculated by the
following formulas:

(. L 1,e, P )
Ql)=Z2 (R - )+ L2 4207,3 P(m)si(m. 1)
n=1 (30)

&, L T.e, PR, .
Q.0)=LE[R - 1) FE26+20T,8 Plm)Si(m.1)

and for the values of the upper bound of the snm 20 equal accordingly 174.52,
610.87 and 785.40F/day(r = R =500m (F, =1).

On the other hand the steady filtration regisygossible if the value of infiltration
over the all filtration domain must to be equal or more of the sum of the withdrawal
from two aquifers. Using the formula (27) we @¥t= 785.00m*day. So the slight
error between given and calculative valueshefihflow and withdrawal is explained
by the errors of numerical calculations on the computer. In that way the results of
the example solution show that the developed methodic allows to solve the problems
of the transient flow in multilayered aquifers &etexploitation of the vertical
drainage with enough for practical aims accuracy.

For simplification of the solutions of the practical problems in some cases when
we need to solve the class of the similar tasks the values of the constituents of the
formula:

S(r0)=5+2 & PlmMi(m)S (m.0) @
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