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PREFACE

Under the 1992 Freedom Support Act the Umted States Congress mltlated a program to provide vanous forms of
assistance to new mdependent states (NIS) of the former Soviet Umon Cooperative Agreements were signed between
representatives of the U S government and each country m which assistance was to be undertaken The U S Agency for
International Development (USAID) was given the responsIbilIty to coordmate all U S government assistance to the NIS
under the Act

Through competitive blddmg USAID awarded a multi year contract to a team managed by CH2M HILL International
Services Inc (CH2M HILL) to support Implementation of an environmental assistance program to republIcs of the former
Soviet Umon Under thiS contract termed the EnVironmental PolIcy & Technology (EPT) Project CH2M HILL IS to as
SISt USAID s miSSIOns m Moscow Kylv and Almaty undertake a program to promote environmental Improvements m the
NIS The USAID miSSIOn m Kylv supports envIronmental and other assistance programs to Ukrame Belarus and
Moldova CH2M HILL establIshed an office m Kylv from which to perform services m these countnes under the EPT
Project

ThiS report was prepared as a contractually required delIverable under a contract between USAID and CH2M HILL
Although work on thiS report was conducted m cooperation With the assisted governments and USAID the findmgs and
recommendations are those of the CH2M HILL team They do not necessanly represent officlaJ positions of the
governments of the assisted countnes nor of the Umted States of Amenca

The CH2M HILL team mcludes the followmg orgamzatIons

Center for InternatIOnal EnVironmental Law
Clark Atlanta Umverslty/HBCUMI EnVironmental Consortium
Consortium for InternatIOnal Development
Ecojuns
EnVironmental ComplIance Inc
Harvard Institute for International Development
Hughes Technical Services Company
International Programs Consortium
International Resources Group Ltd
Interfax Newsagency
K&M Engmeenng
Ogden EnVironmental and Energy Services Company
Pnce Waterhouse
World Wlidllfe Fund (US)

For additIOnal mformatlon regardmg the EPT Project contact the followmg

Umted States of Amenca

EnVironmental PolIcy & Technology Project
Head OffIce
1819 H Street NW SUite 700
WashIngton DC 20006 USA
Telephone (202) 835 1450
FaCSlmlie (202) 835 1463
Contact Dr James Westfield

Ukrame

EnVironmental PolIcy & Technology Project
Ukrame Belarus & Moldova RegIOnal Office
4 Bohomoltsla Street SUIte 301
252024 Kylv Ukrame
Telephone +(380-44) 2475633 2475634
Facslmlie +(380-44) 247 5637
Contact Mr Ties van Kempen
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EnVironmental PolIcy & Technology Project
LVIV Project Office
64 Zelena Street
290017 LVlv Ukrame
Telephone +(380-322) 76-7389 768413
Facslmlie + (380-322) 27-1152
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NOTE ON TRANSLITERATION

Ukralruan personal, mstItutIOnal, and place names used III EPT documents
are translIterated mto EnglIsh from Ukramlan (not RussIan), accordmg to the
modIfied U S LIbrary of Congress standard for Ukralruan-to-EnglIsh
translIteratIon that has been adopted by many Western orgaruzatIons and
publIcatIOns, mcludmg the Encyclopedia of Ukrame (UmversIty of Toronto
Press, 5 vols, 1984-1993) and 0 Subtelny's authontatIve Ukrame A Hzstory
(Uruversity of Toronto Press, 1988, 2nd edItIon 1994), as well as by the
Ukralruan COmmISSIOn on Legal Termmology (ResolutIon No 9 dated 19
Apnl, 1996)
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ABBREVIATIONS, ACRONYMS & GLOSSARY

atmosphere
Booz, Allen and Hanulton
CH2M HILL InternatIOnal Services, Inc A US-based mternatIOnal
environmental engmeenng consultmg firm under contract to USAID
to lffiplement a large component of the EPT Project
COWl Consultants (Denmark)
Distnct Heatmg Facility
Delivery Order
for example
Environmental Policy & Technology (PrOject) A USAID-funded
program to provide environmental aSsistance to New Independent
States of the former Soviet Urnon
hours a day
hours
mch
karbovanets (UkramIan currency, until Sep 96)
Vodokanal customer account based on a water supply connectIOn
kilowatt hour
liters per capita per day
liters per capita per hour
liters per day
liters per hour
liters per second
LViv Vodokanal (murncipal public water utility)
meters per second
square meters per second
cubiC meters per day
cubiC meters per hour
cubiC meters per second
cubiC meters per year
mmute
no data
New Independent States (of the former Soviet Urnon)
number
numbers
A government terntonal-admuustratlve urnt m the former Soviet
Umon that is still muse followmg Ukrame's mdependence A U S
analogue would be somethmg between a state and a county
Planrnng & Development Collaborative, Inc A US-based consultmg
firm under contract to USAID to implement part of the U S
government I s aSSistance program to Ukrame I s housmg and communal
serVices sector
per day
Pump StatIOn
pounds per square mch
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rpm
TDH
US $ or USD
USD/h
USD/d
USAID
vodokanal

WB
ZhEK

revolutIOns per mmute
Total DynamIc Head
Uruted States dollar
dollars per hour
dollars per day
U S Agency for InternatIOnal Development
A quasI-government agency responsIble for murucipal water supply
and wastewater collectIon and treaL-n.ent A U S analogue would be a
water utIlIty
World Bank (InternatIOnal Bank for ReconstructIon & Development)
A murucipal entIty responsIble for operatIOn and mamtenance of
houses and multi-apartment buIldmgs owned by CIty adrrurustratIOns,
as well as water, sewerage, gas, electncIty, and heatmg systems
wIthin them
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SectIOn 1

INTRODUCTION

As part of a Uruted States government bIlateral assIstance program, the U S Agency for
InternatIOnal Development (USAID) IS supportmg envIronmental management In UkraIne
Under dIrectIOn from USAID, a consortIUm led by CH2M HILL InternatIOnal ServIces,
Inc (CH2M HILL) IS ImplementIng part of USAID's EnvIronmental Pohcy & Technology
(EPT) Project by undertakIng vanous tasks that have been agreed to by representatIves of
the governments of both countrIes

USAID authonzed CH2M HILL to perform a senes of tasks In UkraIne as part of DelIvery
Order (DO) No 9 Under Task U-2 (Urban Water Management DemonstratIOn LVIV) of
DO #9, CH2M HILL IS to assIst the local water utIlIty, LVIV Vodokanal (LVK), strengthen
ItS operatIOns and Improve servIce to Its customers Task U-2 Includes a reqUIrement
(Subtask 2 1 - Collect Data on Current System) and (Subtask 2 2 - Evaluate Data on
OperatIOns, Repairs and MaIntenance) for CH2M HILL to collect data on the eXIstIng
status, operatIOn, and management of the water system operated by LVK

The Contractor Will produce an outlzne ofthe baSiC data that should be collected on
a utilzty system zn order to begzn to analyze operatzons and prepare a strategic plan
for system lmprovement ThlS wlll znclude the source of water, treatment system,
storage, dlstributwn, pressure zones, meterzng, blllzng as well as facllztzes for
repair, mazntenance, engzneerzng and constructzon, water qualzty andfinanczng

Uszng thls gUldelzne and exlStzng, readily aVailable datafrom the LVlV Vodokanal,
the Contractor wlll charactenze (quantzty, slze, locatwn) the general components of
the LVlV water system

Devlse a methodology to collect and present data on the crztzcal aspects ofthe
phySical facllztzes, operatwn, water qualzty, repair and mazntenance ofa
Vodokanal

Use thls methodology to collect and present data for the LVlV system

The methodology shall znclude an evaluatwn ofthe exiStzng operatwn strategy,
capabllmes to implement repalrs, ldentify eXistzng constraznts to makzng repairs and
present recommendatiOns for lmprovzng current repalr and mamtenance capaclty to
the level requlred by the conditiOn ofthe Vodokanal 's facllmes

Present the data as contract dehverables III a senes of reports

• Summary of inltzal data on the current system
• Summary of znterzm data on the current system
• Summary offinal data on the current system
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ThIS IS the first (mitIal) report m response to USAID's reqUIrement It was prepared usmg
readIly avaIlable mformatIOn from LVIV Vodokanal and the LVIV InstItute for the DesIgn of
Communal ServIces, as well as field observatIOns
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SectIon 2

INITIAL OVERVIEW OF LVIV WATER SUPPLY

The followmg presents an overVIew of water supply for the CIty of LVIV, based upon
readIly avaIlable data A general schematIc layout of the water supply system IS presented
m FIgure 2-1

2 1 LVIV URBAN WATER SYSTEM

The water supply m LVIV serves about 800,000 people Many parts of the servIce area
receIve water for only about SIX hours a day The water system suffers from an
mfrastructure WhICh needs SubstantIal replacement, and revenues whIch do not match
expenses assocIated WIth system operatIOn and mamtenance

The CIty of LVIV IS over 700 years old and ItS present publIc water supply and dIstnbutIOn
system was started about 100 years ago The CIty obtams ItS water from about 20 well
fields located outSIde the CIty penmeter In order to obtam suffiCIent sUItable water, the
more recent well fields have been establIshed as far away as 100 kIn from the CIty center

Water IS pumped m from the well fields m tranSmISSIOn mams Usually these termInate at
large pump statIOns at the CIty boundary, where addItIOnal pressure IS added to faCIlItate
water dIstnbutIOn Withm the CIty The CIty Itself IS bUIlt on a senes of low hIlls and there IS
an elevatIOn dIfference WIthIn the CIty of about 150 m In 1995, an average of about
335,000 m3/d was pumped mto the CIty dIstnbutIOn system The system has been dIVIded
mto SIX dIstnbution areas These are generally assocIated WIth mdIvIdual well field
tranSmISSIOn lInes and/or pump statIOns on the edge of the CIty Much of the water
dIstnbutIon system for the CIty and outlIrung areas was buIlt m the penod 1970-1985 whIle
the CIty was expandmg to serve mdustnal faCIlItIes

Due to an overall shortage of water (relatIve to usage demands Withm the system I s
distnbutIOn areas), the LVK IS unable to mamtam pressure throughout the system and the
resultmg serVIce to the consumers IS dependent on the locatIon, elevatIOn, and demand m
any area A portIon of thIs usage IS leakage wIthm the dIstnbutIOn system ThIs IS
assumed to be at least 20 percent, and may be as hIgh as 40 to 50 percent m some areas
PortIOns of the mstalled dIstnbutIOn system have proved to be very susceptIble to faIlure
The reasons for thIS appear to be partly due to the lmkmg of cast Iron pIpe WIth mortar­
filled Jomts, and the use of thm-walled uncoated, rolled-steel pIpe that was supplIed to the
CIty dunng part of the post-war expanSIOn ThIs steel pIpe suffers from localIzed surface
(mtenor and extenor) corrOSIon, which creates numerous holes or weep-spots along the
pIpe This problem may be aggravated by the electrIC trams that operate m the CIty WIth
resultant stray currents bemg grounded on the steel pIpe (water mams) below the streets

Durmg wmter there IS an addItIOnal problem WIth freezmg water whIch can burst the
pIpmg The 1995-1996 wmter was partIcularly harsh, and the frost lIne mIgrated down to
the depth of the water mams m parts of the CIty ThIS SItuatIOn IS further aggravated by
stagnant flow m some of the pIpes due to water outages
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In 1994 the government of the City of LVIV dIrected a study to determme what would be
necessary for the CIty to be able to have water 24 hours per day by the year 1998 The
study, entitled Water '981

, developed a lIst of projects to unprove the system The
estImated cost of constructIng all the projects was about US$ 550 mIllIon The study
named some 10 actIvItIes, referred to as Category 1 projects, that would enable the CIty to
have water 24 hours per day The estImated total cost of these Category 1 projects was
about US$ 75 mIllIon These projects were associated WIth buIldIng a new well field about
80 Ian east of LVIV

2.2 MAJOR SYSTEM DEFICIENCIES

A number of water system defiCIencIes are apparent In LVIV

• measurement (meterIng) of water produced, transported, and consumed
• water supply
• delIvery of water
• energy usage
• revenues and fInanCIng

These defiCIencIes are outlIned below

2 2.1 Measurement (Metermg) of Water

The lack of water meters In the system, and potentIal InaCCUraCIes m Installed eqUipment
and preVIOusly recorded measurements of water, means that there IS only a general
understandIng of how much water IS produced and used Hence there IS no preCIse data on
wInch to prepare umt costs of water productIOn and delIvery, or set water-use fees based on
productIon and delIvery costs

2211 Metermg of Water Produced and Transported

On the productIOn and delIvery SIde, few meters eXIst or appear to be workIng In the well
fields, and the relIabIlIty of meters at the large pump statIOns that pressurIze the CIty'S
dIstnbutIOn system IS not known In an effort to upgrade meterIng at pumpmg statIons, the
LVK placed an order m late 1995 for extendmg theIr remote sensors, thereby aunmg to
Increase the number of such statIOns that are electromcally momtored

2212 Metermg of Water Consumed

On the consumptIOn SIde, less than 10 percent of the water-use connectIOns are mstalled
WIth a meter Meters that have been mstalled are mostly on enterpnses whIch consume
large volumes of water The remammg water consumptIOn IS estunated, from natIOn WIde
water use standards (norms) For customer bIllIng, water consumptIon IS determmed by
norms that are eIther based on the expected average water use for the partIcular category of

I Water 98 was publIshed m Ukrainian In October 1995 by a speCial task force which investigated the
water supply Situation In LVIV and presented certam solutIOns
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user (e g total square meters of a resIdentIal apartment floor space), or on the diameter of
the water pIpe connectmg the user to the dIstnbutIOn system

2213 Water Balance

Due to the lack of meters, there IS no relIable water balance for the system A reasonable
water balance IS Important m order to have a baSIS for makmg deCISIOns on future
mvestments At present there are two ways by wlnch LVIV water productIOn and
consumptIOn IS estimated One IS to determme the total volume consumed from data
presented m water bIlhngs Most of tlns IS based on norms and thus IS maccurate ­
espeCIally when water IS turned off m many areas for 18 or more hours per day The
second IS to estlIDate the amount of water produced by measurmg the water pumped mto the
CIty from the well fields Only some of these pumps have measurmg deVIces, and theIr
accuracy IS questIOnable

In addItIon, the actual productiVity of each well IS unknown, as no relIable metermg of
water productIOn occurs The estImated productIOn could be at conSIderable varIance from
actual productIOn

The reason why thiS mformation IS Important IS that there IS currently only speculatIOn as to
the actual overall water usage and leakage m the system Without a reasonably sound Idea
of how much water IS bemg produced, all subsequent evaluations of water leakage, water
consumptIOn, and energy usage cannot be made WIth any certamty

2.2.2 Supply of Water

The earhest well field servmg the CIty was constructed around 1900 The CIty of LVIV IS
located on a hydrologIcal diVIde between streams flowmg to the BaltIC and Black Seas
Although a small stream flows through the CIty, groundwater was found to be the best
source of water for the CIty It IS slgmficant that no matter which natIon was govermng
LVIV over the past 100 years, groundwater has always been used as the most effectIve,
long-term water supply for the CIty The use of groundwater has kept the supply system
relatIvely SImple, and the mam treatment that It receIves IS dIsmfectIon by chlormatIOn

There are 173 wells m the LVlv system Many of these are reported to have reduced
capaCIty due to sand entenng the well casmgs, broken pumps etc It appears that many
eXIstmg wells were constructed usmg a small rotary ng The filtratIon of water mto the
well casmg IS done by a screen made from a pIece of steel casmg that has been dnlled or
punched WIth 40 mm dIameter holes, so that the open surface area amounts to about 25
percent of the total area A stamless steel WIre of about 0 5 mm m dIameter IS wrapped and
welded around the outSIde the casmg, leavmg gaps of about 0 3 mm The spaces between
the WIres over the open holes allow water to pass from the formatIon mto the well casmg
How effectIve this IS m preventmg fine sand from entenng each casmg durmg pumpmg IS
not known, and wIll depend on how the area around the well screen IS packed and then how
the whole assembly IS developed More detaIls on the well fields are presented m
AppendIX A
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The Water '98 plan emphaSIzed development of addItIOnal groundwater supplIes as a key
solutIOn to LVIV'S water problems LVIV needs addItIonal water to serve the demands of
both customers and leakage Current usage m the system (both consumptIOn and leakage)
IS about 335,000 m3/d, and the Category I projects (total cost of US$ 75 mIllIon as
estImated by the Water '98 study) would add about 35,000 m3/d to the water supply

The Water '98 project plan envlSloned expandmg the Plumv well field east of the CIty
Tms area IS reputed to have an abundant supply of groundwater PrevIOUS plans to further
develop thIS well field has upset people lIvmg m the vicimty TheIr concern IS that an
expanded well field wIll ImpaIr theIr abIlIty to obtam groundwater for theIr own use Part
of the proposed Water '98 plan would buIld water faCIhtIes to serve many of the vl1lages m
the area and so Improve commumty support for well field expansIOn

In addItIOn, smce the eXIstmg dIstnbutIOn system m LVIV IS deSIgned to servIce areas that
were adjacent to the termmatIOn of mcommg transffilssIOn lmes, It appears that It wl1l be
very dIfficult to move surplus water (wmch ffilght be produced by the Plumv well field)
from the east SIde of the CIty to other parts WIthOut addItIOnal transffilssIOn mams bemg
bUllt Withm the mtenor area of LVlV

2.23 DelIvery of Water

The water dIstnbutIOn mfrastructure m LVIV has been developed over the past 100 years
Infrastructure Improvements were made to match expanSIOn of the CIty EspecIally after
1950, however, Improvements to the mfrastructure were deSIgned m order to serve new
developments wmch were almost mdependent of the rest of the water mfrastructure

In general, tills was done by establIsmng and/or expandmg well fields outsIde the CIty on
the SIde of the CIty where the development was bemg supphed Tms aVOIded the neceSSIty
of transfernng water through the center of the CIty, wmch became more difficult as the CIty
expanded The overall supply system now resembles a spIder, WIth the CIty bemg the body
and the legs the supply lmes bnngmg m the water The result IS that most of the sources
can supply and delIver water mto the old CIty, wmch IS generally at a lower elevatIOn, but
due to the capacIty of pIpes m the center and the relatIve elevatIOns of the vanous
dIstnbutIOn areas, It IS very dIfficult to move sIgmficant quantItIes of water from one SIde
of the CIty to the other

There eXIst a lumted number of large dIameter pIpelInes that have been buIlt In an attempt
to move the water around the CIty'S penmeter, but more must be constructed In future If
thIS objectIve IS to be achIeved ThIS InabIlIty to readily transfer large quantItIes of water
across the CIty makes 11 ImpOSSIble to delIver any surplus water from one SIde of the CIty to
make-up for shortages m other parts of the CIty

2231 ConstructIOn Materials

Dunng the expanSIOn of the water dIstnbutIon system, a vanety of matenals was used
Some were much better than others, and the age of the matenals, espeCIally pIpes, IS not
necessary reflected m theIr servIce hfe In many cases, cast Iron pIpes mstalled before
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1940 are now m much better shape than those mstalled after 1950 Matenals used for
dIstnbutIOn and transmISSIon mams mcluded cast Iron, steel and concrete The qualIty of
pIpes has vaned consIderably, largely dependmg on supplIers, whIch m most cases have not
been controlled by the CIty smce 1940 Of these matenals, the thIn-walled, rolled-steel pIpe
appears to have the poorest servIce hfe In many cases such pIpes were not hned or coated,
and corrOSIon has caused them to develop weak pomts resultmg m slow leaks and, when a
rupture occurs, fast leaks requmng urgent repau

The problems WIth buned pipeimes are aggravated by the fact that water IS only supphed
dunng certam parts of the day Thus the pressure m the pIpes can change rapIdly m a short
penod of time, thereby placmg addItional stress on the pIpes

2232 Leakage

The extent of leakage IS not known, and WIthout uruversal metermg of the system (It IS
reported that only 17 percent of the water IS now metered), It IS dtfficult to accurately gauge
the extent of leakage Even m a system that IS uruversally metered the amount of
unaccounted-for water IS usually m the range of 10-20 percent The leakage estImated by
LVK IS about 30 percent, whIch mcludes wastage by consumers In fact, the amount of
water lost from the system due to leakage IS probably more, and would vary dependmg on
the operatmg condItIOns of the system

In most urban areas around the world, the cost of water lost from leakage IS less than the
short and often long-term costs of replacmg the pIpes m the ground Therefore, general
leakage IS allowed to contmue, WIth only major breaks bemg repaIred ThIs has been the
practIce m LVIV However, the amount of water avaIlable from ItS sources IS now
msufficient to meet the demand created by both consumers and leakage Whether It IS more
cost-effectIve to mcrease the supply of water or decrease the amount lost though leakage IS
an Issue yet to be resolved Therefore, no appropnate deCISIOn has been made by LVK as
to where It should mvest resources m order to Improve water dehvery to Its consumers

2233 Repairs

Due to poor qualIty of matenals and operatIOnal constramts, the water dIstrIbutIOn system
IS constantly under repaIr One of the LVK engmeers who went on a USAID-sponsored
water utIhty study tour to the USA m 1995 stated, that the rate of lme breaks per kilometer
In LVIV was 10 to 100 tImes more than that of the utIhties he had VISIted m the U S (see
EPT PrOject 1995a, b)

LVK has great dIfficulty m conductmg repaIrs to ItS water system RepaIr crews lack the
reqUIred tools, matenals, and traImng Therefore they take much longer to complete work
than repatr crews m western countnes In addItion, the pIpes, valves etc that they are
trymg to repaIr are often rather fragIle Cut-off valves needed to Isolate the system for
repairs are mstalled less frequently than m many other water utIhties ThIs means that
water supply m larger sectIOns of the CIty must be turned off for longer peflods of tIme
willIe repaIrs are bemg made Consequently people and busmesses who, under normal
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cIrcumstances only have a few hours of water each day, Inlght be WIthout water for several
days to several weeks willIe repaIrs are bemg made

2.2.4 Energy Usage

The cost of energy for LVK constItutes 60-70 percent of the total cost of water productIOn
The proportIon keeps mcreasmg as the cost for electncity rIses m accordance WIth natIOnal
government pohcles and regulatIOns Tills proportIOn, although slInllar to other vodokanals
m Ukrame, IS very illgh relatIve to most water utIhties mother countnes, and reducmg
energy IS an ObVIOUS area on willch to focus efforts and mvestment At present, LVK has
dIfficulty m meetmg ItS payment oblIgatIOns to the electnc company, and durmg penods m
1995 It owed upward of US$ 3 5 mIllIon to the electrIC utIlIty Tills represents a major
portIOn of revenues collected from water customers The contmually nsmg energy costs
have been a major reason for the LVK's mcrease m rates to ItS customers

Investment aimed at reducmg energy consumptIOn IS CrItIcal to the long term ViabIlIty of
LVK If addItIOnal water IS produced at the well fields and pumped mto the system It could
mcrease energy consumptIOn WIthout substantially mcreasmg revenues Tills IS because
satlsfymg mcreased demand from consumers paymg a flat rate for water would use more
water WIthout a commensurate boost m revenue Tills could make the finanCial pOSItIon of
LVK very difficult

The mam usage of energy IS for pumpmg and tills IS where energy reductIOns must be
Implemented Tills would be done by makmg wells and pump StatIOns more effiCIent, or by
modlfymg the overall operatIOn of the system

2 2.5 Revenues and Fmancmg

Ukrame 1SeconomIc difficultIes have severely undermIned the finanCIal viabIlity of the
count!) 's W'ater and wastewater utIlItIes LvIv-Vodokanal, lIke most m the country, suffers
from madequate finances whIch make approprIate mamtenance and operatIOn, and much­
needed asset rehabilItatIOn and replacement, ImpOSSible

Improved fmanclal status of LVK IS cntical for Its survIval and future development To
Improve serVIce It must mvest m repairs and upgrade the system, and to do that It must
become a fmanclally sustamable umt based on user charges Although subSIdies for
vodokanal operatIOns and expanSIOn were normal m Ukrame m the past, tills WIll be very
dIfficult, If not ImpOSSIble, m future smce the central, oblast, and CIty governments do not
have the reqUired funds

In order to obtam mvestment funds from mternatIOnal financmg InStItutIOns, It WIll be
necessary to demonstrate that LVK IS movmg towards becommg a fmanclally self­
sustamable operatIOn ThIs means that every project loan sought from a finanCIal InStitutIOn
should be exammed as to ItS Impact on vodokanal expendItures and revenue, as well as ItS
effect on water serVIce
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The way to Improve the financIal health of the system IS to Improve revenues and reduce
costs Revenues can be Improved by Imposmg adequate tanffs and Improvmg collectIOns
Customer resIstance to the payment of tanffs may be reduced as servIce Improves and as
the economy m LVIV Improves

2.3 WATER CONSUMPTION

One of the major, current problems of the LVIV water system IS that the rate at whJ.ch water
IS pumped mto the dIstrIbutIOn system IS greater than the rate at whJ.ch It can be extracted
from the well fields Two approaches to overcome thJ.s sItuatIOn would be eIther to produce
more water or to reduce usage m the dIstnbutIon system

The CIty'S Water '98 plan calls for producmg more water ThIs ImplIes SubstantIal capItal
mvestment plus mcurnng addItIonal energy costs wIth no real prolDlse of a commensurate
mcrease m revenues to pay for these costs A reductIOn m water use m the dIstnbutIon
system IS the alternate approach ThIs would have the effect of reducmg the need to
mcrease water productIon whIle reducmg energy costs to LVK

Water conservatIon needs to be practIced on the macro and lDlcro levels On the macro
level, LVK needs to conserve water by mmmuzmg the amount of water lost by leakage
The effects of thIs could be very sIgmficant m reducmg overall unnecessary energy costs
and wastage of water On the lDlcro level, conservatIOn of water by the resIdentIal,

- communal, and enterpnse user groups needs to be encouraged ThIs applIes partIcularly to
those categones of consumers from whom revenues from water sales are below water
delIvery costs, namely the resIdentIal and communal consumers

Usmg data prOVIded by the USAID-funded contractor, PADCO, m theIr October 1995
report (PADeO, 1995), an analySIS was made of average water use per connectIOn, by rate
category (see Table 2-2) Although resIdentIal consumers use over half the total volume of
water, the average amount of water used per connectIOn IS only 7 m3/d as compared wIth 38
m3

/ d for communal users, and 8 m3
/ d for enterpnses ThIs mdicates that communal

accounts have much greater potentIal (per connectIOn) for both water conservatIOn and
pOSSIble future revenue than eIther the resIdentIal or enterpnse users

Data on water consumptIOn durmg 1995, by consumer group, IS presented m Table 2-3
Table 2-4 lIsts the amount of water supplIed and bIlled-for by LVK In 1995

2.3 1 ReSIdential Water Users

Currently LVK supplIes water to about 800,000 people Usmg data from Table 2-2, the
number of people served by each reSIdentIal connectIon IS about 30 Usmg the same data,
the average water usage IS about 66m3/person/month, whIch IS WIthIn the norms expected
of between 3 3 to 9 1 m3/person/month

Although the amount of water supplIed to reSIdentIal users IS large, constItutmg over half
the total amount of water dIstrIbuted by the vodokanal, the amount used per connectIOn IS
low, each connectIOn represents a number of falDlly or apartment umts m a connected
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bUlldmg In the short term, the effort mvolved m reducmg resIdentIal usage by
conventIOnal means, such as movmg to a volume based charge (reqUlrmg extensIve
metenng), mtemal plumbmg repaIrs by outsIde partIes etc , would be very expensIve
relative to the expected overall reductIOns m usage or mcrease m revenues (probably
mImmal and possIbly negatIve)

2 3.2 Communal Water Users

Based on data m Table 2-2, thIS IS the category of users WIth the largest estImated usage per
connectIOn It IS also the category wIth the lowest percentage (only 14%) of accounts
which pay theIr bIlls and the highest potential revenue to be gamed This IS therefore the
class where the most effort should be made m reducIng water usage and mcreasmg overall
revenue to the system

Smce almost all communal connectIOns are owned and funded by the CIty or oblast
admImstratIOns, a commItment IS reqUlred by these entItIeS to budget and pay the bIlls
rendered for water usage, mcludmg projected mcreases m tarIffs due to mflatIOn and
mcreases m electrIC costs Once there IS the COmmItment to pay for water used, there may
eXIst an mcentive for managers of varIOUS communal orgamzatIOns to conserve water

2.3.3 EnterprIse Water Users

Under present regulatIOns for tanff-settmg, enterprIses SubSIdize the water system By
natIOnal legIslatIOn, this user category IS asked to pay all the remaInIng calculated costs of
water productIOn after projected revenues from the other two major categones are
calculated This formula defimtely favors urban areas, where there IS a large mdustnal
base In LVIV the majonty of the calculated total costs of productIOn are spread over eIght
percent of the water sold Consequently m LVIV, enterpnses are charged about 30 tImes
more than domestIc users for each umt of water

Although this places a great burden on enterprIses, m the short term, from a finanCIal
standpomt, this tanff system must contInue as the LVK needs the revenue In the long
term, tanffs for enterpnses should be reduced m conjUnctIOn WIth raIsmg tanffs for
domestIc and communal users

Currently about half of the enterpnses are metered, and the collectIOn of water charges IS
almost 80 percent, If payment m kInd IS mc1uded It IS doubtful that, m the short term, the
rate of collectIOn of water charges can be mcreased sigruficantly, although the lIst of
debtors should be exammed to determme If this IS so

2 3.4 ConservatIon Through Charging on a VolumetrIC BaSIS

The vast majonty of users m LVIV are charged USIng an estImated rate of water usage based
on eIther the charactenstics of the partIcular user category or the SIze of the connectIOn to
the system The concept of estimatIng the probable amount of average water use by user
category IS employed In other countnes, such as the USA, to assess water demand In a
system These norms are presently beIng utIlIzed In LVIV to InVOICe most LVK customers
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for theIr water use Tills method allows users to pay a flat fee for unliffilted water
consumptIon

The method of bIllmg usmg norms sImplIfies mVOicmg but does not encourage mdIvidual
water conservatIon Tills practIce IS not much different from that of cItIes lIke London and
New York In London, espeCIally under the newly prIvatIzed water compames, there has
been dISCUSSIOn of movmg to an mdividually metered system, but the reason gIven for
retammg the current practIce, at least for now, IS that the cost assocIated wIth metermg
mdlvldual connectIOns or faIDIlIes exceeds the potentIal benefits m reduced usage

Although unIversal mdlvldual metermg of water consumers IS a natIOnal objectIve m
Ukrame, It IS cntIcal to the pnontIzmg of finanCIal mvestments that LVK detenmne
whether any foreseeable reductIOn m usage and mcrease m revenues wIll offset the
mvestment m metermg One method of Imposmg the conservatIOn of water m the short run
IS to contmue the practIce of lowenng the pressure m the water system to reduce usage

A possIble first step towards the goal of umversal metermg for non-enterprIse and budget
orgamzatIOn connectIOns would be to have a smgle meter for each connectIOn Most of
these connectIons would be for multI-faIDIly buIldmgs For tlns to functIon It would reqUIre
that the responSIbIlIty for paymg for the water passmg through the meter be aSSIgned to a
ZhEK, commumty assocIatIOn, or some type of condoIDImum operatIOn Then the ZhEK
or other management structure would need to collect the momes from the users BUIlt mto
tlns would need to be some mcentIve for the use of a meter, eIther for the ZhEK or the
management aSSOCIatIOn ThIs could be by allowmg the ZhEK to charge tenants a flat fee
and then keep any profits resultmg from lower usage (less losses from leaky applIances), or
perhaps by structurmg the rates so that It IS more advantageous to pay the metered cost than
the flat rate

WIthOUt some mcentIve, there WIll be lIttle reason for buIldmg groups to want a meter
mstalled or to protect It once It IS mstalled A large meter set up (meter, stramers, valves
etc ) purchased m the Ukrame for a large buIldmg can cost m the range of SUS 200-400
In LVIV a meter IS easIly removed smce the water IS turned off much of the tIme, and It IS
also easIly tampered WIth smce It almost must always be located m the basement of the
bUIldmgs to protect It from frost

2 4 REFERENCES
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Table 2-1
LVIV Water ConsumptIOn - 1900 to 1995

Year PopulatIOn, Water Supply, Iwater ConsumptIOn,
thou m3/d led

1900 160,000 N/A N/A

1910 206000 18,000 874

1920 210 000 18,000 857

1926 240000 24000 1001

1931 312,000 28,000 903

1939 318,000 33000 1041

1945 165,000 21,000 1245

1950 332,000 39,000 1175

1955 380,000 55,000 1446

1960 421,000 67,000 1598

1965 496,000 105,000 211 0

1970 564,000 177,000 3139

1975 629000 254,000 4039

1980 688000 331,000 4804

1985 735,000 397,000 5403

1990 780,000 387,000 4957

1995 806000 295,000 3656
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Table 2-2
LVIV Water Use and Revenue Collections

Parameter Umts Residential Communal Enterpnse Total Notes
No of

each 25338 3 315 1,982 30,635
ConnectIOns

a

No of meters each 312 590 1053 1 955 a

ConnectIOns
percent 2% 20% 50% 6%

metered

EstImated usage m3/d 174,000 127,000 25,000 326000 a, b

Percent of total
percent 53% 39% 8% 100%

usage

Average usage m3
/ d/connectIOn 69 383 75 102 a b

Average rate US$/m3 $004 $008 $100 c, d

Average blllmg US$/mo/connectIOn $6 $92 $225 a, b e

Rate of
Percent 57% 14% 78% a, f

collections

Amount
US$ mIlhons/yr $2 $1 $7 $9

collected
g

Amount
US$ mllhons/yr $22 $84 $2 $14

outstandIng
g

Notes
a - From PADCO report Volland Vol 2, July 1995
b - The amount of usage by category IS only an estimate as the number of meters IS too hmIted These

data are based on the norms (predicted use) that have been used ill plannmg ill the NIS for many
years Less than 2 % of the reSIdential connections are metered

c - New rates adapted by the Vodokana1 m January 1996 With US$ 1 00 = 190,000 Karbovanets (kbv)
d The average cost of productIOn from PADCO data (PADCO 1995) IS $0 08/m3

e Includes payments m kmd for mdustnes
f - Based on total collections that month not the number of accounts
g PrOVIded by LVK Includes payment m kmd

Table 2-3
Water ConsumptIOn by Consumer Group - 1995

Consumer Group Water ConsumptIOn
m3/d %

ReSIdential 164300 558

Industna1 21000 7 1

Communal 87,500 297

Budget (City, Oblast and/or State) 21900 74

Total 294,700 100
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Table 2"4
Water SupplIed and BIlled" 1995

Consumer Reported Amount of Amount of Water
LocatIOn Water SupplIed (m3

) BIlled (m3
)

per year per day per year per day
LVIV 141053000 386,000 107,554,000 295,000

VIllages 3256000 9,000 2,397,000 7,000

Vynnyky 1 659000 5000 1,029,000 3000

Other 4,571,000 12,000 3,737,000 10,000

Total 150,539,000 412,000 114,717,000 314,000
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AppendIX A

INFORMATION ON LVIV WATER SOURCES -- WELL FIELDS

The ground water of the Volyn-Podl1sk basm IS the source of drmkmg water for the LVIV
water supply system The general locatIon of LVIV well fields IS shown m FIgure A-I A
typIcal geologIcal profile and well desIgn are presented m FIgure A-2

Several groups of well fields from north, west, south and east currently convey water to the
LVIV water supply system The locatIOn and rated capaCIty of each well field and assocIated
characterIstIcs are presented In Table A-I The term "Safe YIeld" m thIs table means an
allowable yIeld based on operatIve and trIal pumpmg, whIle "Added YIeld" means an
estImated pOSSIble mcremental yIeld based on trIal pumpmg

Currently, there IS no Iron removal process at the Budzen, BIbrka and RemezIvtsI well
fields The PluhIv well field has specIal degassmg umts that remove carbon dIoxIde and
hydrogen sulfide

Table A-2 presents mformatIOn prOVIded by LVK on well field water productIOn m LVIV
for 1995 In addItIOn, the characterIstIcs and workmg condItIons of each well field are
presented In FIgures A-3 through A-22 The types of pumps used at the well fields are
translIteratIOns of CynllIc TheIr capaCIty IS gIven m m3 and TDH (Total Dynanuc Head)
m meters The mam reasons for well stoppages are as follows

1 ElectrICIty supply problems - frequent mterruptIOn of electrIcal energy supply, large
fluctuatIons of power (from 6,000 V down to 5,600 V), acts of nature, such as
mIgratIOn of bIrds

2 Poor well deSIgn - bad qualIty of filter, water aggressIveness, resultmg m rapId
corrOSIOn of pIpes, theft and destructIOn of property, acts of nature such as, freezmg
temperatures

3 Pump-operatmg problems, lIke forced shutdown of a well when the pump falls to
the bottom of the well and cannot be recovered

A summary of the umt costs for the well fields IS presented m Table A-3 The mformatIOn
m the table IS In accordance WIth the 1995 LVK reported productIon costs The total
energy cost IS 64 % wluch makes up most of the total productIOn cost A separate
productIOn cost calculatIon was made for each well field, wluch Includes energy,
depreCIatIOn and labor costs It has been assumed that all the other costs are about 30% of
the total production cost They have been allocated In propOrtIOns to the quantIty of water
WIthdrawn
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Table A-I
LVIV Well Field Characteristics

Dlst Static CapacIty Average Dady Number
Well FIeld Year No Of to Water Safe Added

Total
ProductIOn Problem of

No Name BUIlt Wells LVlV Level YIeld YIeld 1987 1995 Constituents Operatmg Remarks
km m m3/d m3/d m]/d m3/d m 3/d Personal

North
1 Rava Ruska 1972 8 480 33 17000 17000 17 000 16932 StrontIUm 8
2 Mahenv 1971 4 405 38 17200 9800 27000 8800 8466 StrontIUm 3
3 Shostaky 1972 3 395 38 3400 3400 3400 6350 2
4 Krekhlv 1970 5 295 48 15600 15600 13500 13611 StrontIUm 5
5 Kunm 1970 2 305 48 5700 5700 5400 5444 2
6 Mokrotyn 1966 7 198 40 16100 8000 24100 18000 16222 Strontium 7
7 Zarudtsl 1965 16 125 38 19700 8000 27700 24200 20927 Strontium 16

GrouD total 45 94,700 25,800 120,500 90,300 87,952
West

8 Voila 1901 5 266 150 18500 3500 22000 16800 7026 13
Dobrostanska

9 Velykopole 1926 5 239 56 8000 5000 13000 13200 7015 13
10 Kamlanobrody 1952 4 200 36 23000 10 000 33000 16100 15289 13
11 Malchytsl 1967 9 116 70 15700 5600 21300 10300 15868 6
12 Budzen 1956 22 205 65 45200 9000 54200 32200 31568 Iron StrontIUm 12 No removal
13 KemytsIa 1969 8 205 65 9000 6400 15400 12000 11 479 4

GrouD total 53 119,400 39,500 158,900 100,600 88,245
South

14 StrYI 1982 34 750 40 140000 140000 122200 126578 16
IS Hlynna Navana 1971 12 145 12 14700 4300 19000 10 000 14238 13
16 Blbrka 1973 12 IS 9 45 13300 6700 20000 17600 24192 Iron 14 No removal
17 Malechkovychl 1932 1 70 1 2 5000 5000 5000 4910 5

GrouD total 59 173,000 11,000 184,000 154,800 169,918
East

18 Remezlvtsl 1986 4 720 26 34500 24800 59300 7000 7377 Iron Purchased No removal
water

19 PluhlV 1989 8 740 20 70000 20000 90000 30200 50572 Carbon dIoxide 14 Air stnppmg to
hydrogen sulfide reduce hydrogen

sulfide (H2S)
20 VllshanytsIa 1989 4 400 30 16400 10500 26900 8577 10

GrOUD total 16 120,900 55,300 176,200 37,200 66,526
Total 173 508000 131.600 639600 382900 412641
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Table A-2
ProductIOn of Well Fields m 1995

Well Field Name No of Average Dally Water Quantity, m3/d Average Dally,
Wells Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec m3/d

North
Rava Ruska 8 17096 48934 15438 17096 16011 16580 16580 17067 17 653 16539 17643 16552 16932
Mahenv 4 8548 9467 7719 8548 8006 8290 8290 8533 8827 8270 8822 8276 8466
Shostaky 3 6411 7100 5789 6411 6004 6218 6217 6400 6620 6202 6616 6207 6350
Krekhlv 5 13606 15071 12281 14055 13 156 14057 13 146 13574 14062 13 145 14030 13 151 13611
KUnIn 2 5443 6029 4913 5622 5263 5623 5258 5429 5625 5258 5612 5260 5444
Mokrotyn 7 16017 17 174 14462 14496 20354 16556 15485 16002 16579 15495 16537 15507 16222
Zarudtsl 16 22441 24413 19883 18676 14530 21737 21 293 22002 22750 21 311 21 707 20384 20927
Group total 89562 98187 80485 84904 83324 89061 86269 89007 92 115 86219 90967 85337

Avera~e 87,953

West
Voha Dobrostanska 5 7035 7775 6348 7233 6848 7257 6781 7001 7241 6809 7240 6778 7026
Velykopole 5 7022 7762 6337 7233 6781 7246 6775 7000 7236 6776 7236 6777 7015
Kamlanobrody 4 16024 17745 13 569 15507 14538 15 517 15486 15001 15503 14530 15505 14545 15289
Malchytsl 9 16041 16656 14459 15516 14528 15534 15490 17001 17589 15516 16546 15537 15868
Budzen 22 34076 34724 31 158 34858 31 975 34091 28878 32869 29935 28968 29932 27347 31568
Kernytsla 8 12 391 12627 11 330 12676 11 627 12397 10 501 11 953 10 886 10 534 10 884 9944 11479
Group total 92590 97290 83201 93023 86267 92041 83911 90826 88391 83 133 87343 80929

AveraJ:(e 88,245
South

StrYI 34 120845 147392 114642 138 186 129 719 143073 119920 130597 131 528 120990 105 139 116 905 126578
Hlynna-Navana 12 14406 15573 12967 15530 14 198 14787 14240 14802 14719 13 465 14264 11 906 14238
Blbrka 12 25689 26943 22937 26208 22427 25441 21 733 22823 26152 22198 23471 24277 24192
Malechkovychl 1 4000 5537 4516 5 167 4 839 5000 4839 5000 5 167 4839 5 167 4846 4910
Group total 164940 195444 155062 185 091 171 183 188 301 160732 173223 177567 161 492 148042 157933

AveraJ:(e 169,917

East
Remezlvtsl 4 7585 6909 9497 10 094 9583 10 263 3159 6200 6025 6000 7211 6000 7377
Pluhlv 8 51 774 58993 44973 54776 49242 51 797 47554 49148 51 185 48362 50744 48321 50572
Vtlshanytsla 4 9027 8886 7466 8358 8150 8505 7743 8012 9324 8753 8,990 9706 8577
Group total 68386 74788 61 936 73229 66975 70566 58455 63360 66533 63115 66945 64 028

AveraJ:(e 66,526

Total 412,642
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I
Table A-3

IWell Field Umt Costs m 1995

Well Field Name Water Production Energy Urnt Cost per 103

No ConsumptIOn

1,000 103 kWh/m3 1,000 kbv I,OOOUSD

North

1 Rava-Ruska 61730 0290 4061 0026

2 Mahenv 30865 0290 4061 0026

3 Shostaky 23152 0290 4061 0026
4 KrekhIv 49680 0519 6235 0041

5 Kunm 19787 0519 6235 0041

6 Mokrotyn 59188 0256 3727 0024

7 Zarudtsl 76268 1597 4585 0030

Group total 320670 0644 4595 0030

West

8 Voila Dobrostanska 25615 1472 9702 0060
9 Velykopole 25574 0914 6058 0040
10 Kannanobrody 5572 3 0582 4099 0027
11 Malchytsl 57876 0313 2183 0014

12 Budzen 11510 2 1300 7549 0049

13 Kemytsla 41855 0724 4361 0029

Group total 321746 0906 5624 0037

South

14 Stryl 461270 0232 1627 0010

15 Hlynna-Navana 51906 1041 6682 0044
-

16 Blbrka 88172 0663 4271 0028

17 Malechkovychl 17893 0686 4646 0026

Group total 619240 0374 2515 0016

East

18 Remezlvtsl 26900 0663 4975 0032
19 Plul11V 184275 0359 2336 0015

20 VIlshanytsla 31287 0665 5429 0035

Group total 215562 0432 3028 0019

Total 1477218 0555 3706 0024

Note OffiCIal Exchange Rate, Nauonal Bank of Ukrame (as of December 25, 1995) -179,400 kbv for US $1
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2 Mahenv
3 Shostaky
4 Krekh.v
5 Kunm
6 Mokro/yn
7 Zarudtsl

WEST
8 Voila Dobrostanska
9 Velykopo/e
10 Kamlanobrody
11 Me/chyls,
12 Budzen
13 Kernyls/a

SOUTH
14 Stryl
15 Hlynna Navana
16 Blbrka
17 Malechkovychl

EAST
18 RemezlVtsl
19 Pluhlv
20 VIIshanyisla

Unused transmission Ime-----+10 15 20

,

"I
Remezlvfsi ~

(bfJ/ongJ to L!..J
ZolochlV VI<)

VJ1shanyls/a

Voila Dobroslanskal ,

km

ept LVlv/795/sb/freehand/maplwsp fh5\9Sep97 •
Figure A-1
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Typical Well Design at Stryl Well Field
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Figure A-2

Geological Profile and Well DeSign
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North Well Field AnalysIs Rava-Ruska

Cntenon of operabng effecbveness of well field 0 978

i ! .8 .8 !" i E.. a ~
1I

:I ~

CStoppage

OPERAnON AND STOPPAGE OF
WELL FlELD

STOPPAGES IN OPERATING OF WELL FIELD

i
280
275
270

'0 285
~ 280Q

'"
255

~ 250
0 245
~ 240'0
I; 235... 230E

" 225z

i ~ ~ t i;' ~ ~j .. .. E .a.
E.!!. .!!

IIOperabng Time

240

0698

Added Yield

o
Safe Yield

17

Percent of stoppages %

Probability of non stop work of well field

AQUIFER
Descnpbon Upper Cretaceous DepOSits Fractured

Siltstones and Chalks
Thickness of aqUifer m 30
Stabc water level m (+) 2 5 48

Pumping rate m31day 4294 8856

SpeCIfic capaCIty m21day 1010 2573

TransmissIVity m21day 820
Thickness of covenng layer m 10 80
Thickness of clay wlth,n the covenng layer m 0

WELL FIELD (technical characteristics)
Number of wells 8
Depth of wells m 70
D,ameterofwells mm 426
Type of pumps (and capaCIty kW)
wells 7910 aUB12 160-100 (65)
wells 8 8a 9a aUB10-63-110 (32)
wells 1112 aUB12160-140 (90)

YIELD 1 000 m'lday

Tolal

Rava Ruska 17

1:' ~ ~ t i;' .. ~ .. ! .8 .8 j" j
c .a. "" " .. E .a. '" 0 Ec E " '8.!!. J!

.. ! ~ ~0c ..,
III Number of Stoppages

STOPPAGES DURING 1995
IN PERCENT

REASONS FOR STOPPAGES
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tJPump IIII Well Construcbon

62/

I I! Electnclly

Figure A 3
North Well Field AnalySIS - Rava Ruska
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North Well Field AnalysIs - Maherlv

Cntenon of operabng effecbveness of well field 0974

AQUIFER

Oescnpfion Upper Cretaceous Deposits Fractured

Siltstones and Chalks

Thickness of aqUifer m 30
Slabc water level m (+) 2 5 48

Pumping rate m3/day 1395 6006

Specific capacity m2/day 276 1456

TransmissIVIty m2/day 300 1300
Thickness of covenng layer m 10 20
Thickness of clay Within the covenng layer m a 3

Added Yield

98

STOPPAGES IN OPERATlNG OF WELL FIELD

OPERATION AND STOPPAGE OF WELL FIELD

125 1r- - ,.... - r-

M=120 r-
~ I
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!!). 115
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IIOperafing Time o Stoppage

(65)
(32)

(17)

0816

4
70
426

253

Safe Yield

172

YIELD 1 000 m'/day

Tolal
Mahenv 27

Probability of non stop work of well field

WELL FIELD (technical charactenstlcs)
Number of wells
Depth of wells m
Diameter of wells mm

Type of pumps (and capaCIty kW)

wells 4 5 3UB12160-100
wells 4a 3UB10-63-110
well 6 3UB8-25-70

Percent of stoppages %

~ ~ .t:: "E ill ..
~ ~ ~ I ~ .8j !! ~
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E .a. '" E E E~
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~ 0 11 8
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11II Number of Stoppages
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North Well FreId AnalysIs Shostaky

AQUIFER

Descnpbon Upper Cretaceous DepOSits Fractured
Siltstones and Chalks

Thickness of aquifer m 30
StalJc water level m (+) 25 48

Pumpmg rate m'/day 1395 6006

SpeCIfic capaCIty m'/day 276 1456

TransmisSIVIty m'/day 300 1300
thickness of C13venng layer m 10 20
ThIckness 01 clay WIthin the C13venng layer m 0 3

Added YIeld
o

WELL FIELD (technical characterlstles)
Number 01 wells
Depth of wells m
Diameter 01 wells mm
Type of pumps (and capaCIty kW)
wells 1 2 3 aUB12160-1oo

YIELD 1 000 m'/day

Total
Shostaky 34

Safe Y,eld
34

3
70
426

(65)

OPERATION AND STOPPAGE OF WELL

.. 100
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~ 9D r- - r- r :- :- r- r-

OS 80

~ 70..
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STOPPAGES IN OPERATING OF WELL FIELD
5

Cntenon of operalJng effecIJveness of well field 0 864

Probability of non stop work of well field

Percent of stoppages %

0072
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FlgureA-5
North Well Field AnalySIS - Shostaky
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North Well Field AnalysIs Krekhlv

Cntenon of operabng effecbveness of well field a977

AQUIFER

DescnplJon Upper Cretaceous Deposits Fractured

Siltstones and Chalks

Thickness of aquifer m 30
StalJc water level m (+) 2 5 4 8

Pumping rate m'/day 2500 4570

SpeCIfic capaCIty m'/dEr>j 282 794

TransmissIvity m'/day 635 1317
Thickness of covenng layer m 1a 80
Thickness of clay Within the covenng layer m a

Added Yield

a

STOPPAGES IN OPERATING OF WELL FIELD

0
?:' ~ f! 1: ... " ~

;; ]j .8 i .8.. .. a. E c
"" 2 .. .. .2- g> E .. E

" ,Q E .. i
u 8.!!, .!! ..

c {l

lID Number of Stoppages

OPERATION AND STOPPAGE OF WELL FIELD
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J
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I

(65)
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(32)

5
60
426

0724

225

Safe Yield

156

Percent of stoppages %

Probability of non stop work of well field

YIELD 1 000 m'/day

Total

Krekhlv 156

WELL FIELD (technical characteristics)

Number of wells

Depth of wells m
Diameter of wells mm

Type of pumps (and capaCIty kW)

wells 1 3 5 aUB12 16D-100
wells 4 aUBa-16-100
well 2 aUB1D-63-l10

I
,.... ~ ,....

I

I

I I

REASONS FOR STOPPAGES
1001

901

801

70:

6010

50 A.

401

30:

201

101

0,

STOPPAGES DURING 1995
IN PERCENT

55/
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North Well Field AnalYSIS - Krekhlv
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North Well Field AnalysIs, Kunm

WELL FIELD (technical characteristics)
Number of wells 2
Depth of wells m 60
Diameter of wells mm 426
Type of pumps (and capaoty kW)
wells 6 7 8UB12160-100 (65)

AQUIFER

Descnpfion Upper Cretaceous DepOSits Fractured
Siltstones and Chalks
Thickness of aquifer m 30
Stabc water level m (+) 2 5 48

Pumping rate m3/day 2500 4570

Specific capaoty m'/day 282 794

TransmissiVity m2/day 635 1317
Thickness of covenng layer m 10 80
Thickness of clay within the covenng layer m 2 20

STOPPAGES IN OPERATING OF WELL FIELD

60 r-

5B
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~
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I Ell Operafing Time CStoppage I

OPERAnON AND STOPPAGE OF WELL
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Added Yield
o

Safe Yield
57

YIELD 1 000 m'/day

Total
KUnin 57

Cntenon of operafing effeclJveness of well field 0975

Probabl"ty of non stop work of well field 0929

Percent of stoppages % 246
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North Well FreId AnalysIs Mokrotyn

Cntenon of operabng effectiveness of well field 0 977

AQUIFER
DescnpbOn Upper Cretaceous DepOSits Fractured

S,lIstones and Cnalks

Thickness of aqUIfer m 30
Static water level m (+) 2 5 48

Pumping rate m'/day 1028 4320

SpeCIfic capacity m'/day 106 554

TransmissIVIty m2/day 870
Thickness of covenng layer m 10 20
Thickness of clay Within the covenng layer m 10 20

Added Yield
8

STOPPAGES IN OPERATING OF WELL FIELD

:..
i 2
2
Ul

'0
~

1:
E
"z

OPERATION AND STOPPAGE OF WELL
FIELD

190

.!! 185 r- r- r- r- r-

~
'0 180

!:. 175Q..
170

~

I~ 165

'0 160
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E 155 I.,
"z i ?:' "Ii 'E i;' "
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.. I 0

~ ""."
1lI0perabng Time OStoppage

(32)
(17)

0658

7
75
426

233

Safe Yield
161

YIELD 1 000 m'/day
Total

Mokrotyn 24 1

Percent of sloppages %

Probability of non stop work of well field

WELL FIELD (technical charactensllcs)
Number of wells
Depth of wells m
Dlameterofwells mm

Type of pumps (and capaCity kW)

wells 1 2 3 4 6 Sa 311B10-120-65
wells 5 311BB-25-70

?:' ?:' '" '[ ~ ~ ~
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i ] ! ].. .. ~ "E 2 .. .. E .a. go {l E
.!!!. J:J E .. ~ 8.!l 0

0 -8.. e..
III Number of Stoppages

STOPPAGES DURING 1995 REASONS FOR STOPPAGES
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Figure A 8

North Well Field AnalySIS Mokrotyn

ENVIRONMENTAL POLICY AND

TECHNOLOGY PROJECT

CH2M HILL Int~rnat.onalS~r"&es Inc



North Well Field AnalysIs larudtsl

Cntenon of operabng effecbveness of well field 0979

AQUIFER
Descnpbon Upper Cretaceous DeposIts Fractured

Siltstones and Chalks

Thickness of aqUIfer m 30
Stabc water level m (+) 2 5 48

Pumping rate m3/day 2250 7831

SpeCIfic capaCIty m2/day 171 257

TransmissIVIty m2/day 700
Thickness of covenng layer m 10 15
ThIckness of clay Within the covenng layer m 10 15

OPERATION AND STOPPAGE OF WELL
FIELD

.!! 380

~370 - r- r- -
~360 r- -..
21350
Q
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8
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aUB8-25-70

a llB10-120-65

aUB8-25-70

Percent of stoppages %

WELL FIELD (technical charactenstlcs)
Number of wells 16

Depth of wells m 70
DIameter of wells mm 377

Type of pumps (and capaCIty kW)

Zsrudtsy

wells135a78

wells22a456

Zsvadov

well 1 1a 2 2a 3

wells 1b

Probability of non stop work of well field

YIELD 1 000 m'/day

Total

Zarudtsl 27 7

STOPPAGES DURING 1995
IN PERCENT

I •ElectnClty IIlWell Construction OPump

REASONS FOR STOPPAGES
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Figure A 9
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East Well Field AnalysIs Remezlvtsl

AQUIFER

Descnpbon Upper Cretaceous DepOSits
Fractured Siltstones and Chalks

Thickness of aqUifer m 50
StatiC wafer level m (+) 0 7 26

Pumping rate m3Jday 3603 4320

Specific capaCIty m2/day 406 456

TransmissIVIty m2/day 2500
Thickness of covenng layer m 10 15
Thickness of clay Within the covenng layer m 10 15

Added Yield

248

WELL FJELD (technrcal characteristics)
Number of wells
Depth of wells m
Dlameterofwells mm

Type of pumps (and capaCIty kW)

wells 1 2 aUB1D-120-60
wells 3 291 aUB1221D-60

YIELD 1 000 m'Jday

Total
RemezlVtsl 59 3

Safe Yield

345

4
70
426

(45)
(22)

OPERATION AND STOPPAGE OF WELL
FIELD
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Cntenon of operabng effecbveness of well field 0 953

Probability of non stop work of well field

Percent of stoppages %

0792

466

0 4-<
i!:- i!:- .e 'C i;' i 2- ~ ~ .8 i .8.. 2 e A-

E a. e." E .. E .. E
Ii " u.c ..

~ 8.!! ..
ill t: ~

I IINumber of Stoppages I

STOPPAGES DURING 1995 REASONS FOR STOPPAGES

IN PERCENT
fOOt ,.- ............ ....

0/ 90/

80'/..
~ 70/
'"S- 60/
A-

~ 50/
'c; 40/

I :;
3010 +.De
20/ ~:r:z
fO/ t
0/

[ i!:- t! "E i;' ..
~

~ l; .8 .8 .82 g- t:

t .D

~
E a. E

~
E J.c

! i.!!
10010

I Iil ElectnClty lDIWell Construc!Jon o Pump I IIIElectnClty 11II Well Construc!Jon OPump I(

eot Ivtvl394If!l\mdatelwfAxlsI19Au097 •
Figure A 10

East Well Field AnalysIs· Remezlvtsl

ENVIRONMENTAL POLlCY AND

TECHNOLOGY PROJECT

CH2M HILL Inrtrnat,onal Serv,crs Inc

li4%"0
::0:
:Ui'ii;



East Well Field AnalysIs Pluhlv

WELL FIELD (technical charactenstlcs)
Number of wells 8
Depth of wells m 200
Diameter of wells mm 426
Type of pumps (and capaCIty kW)

wells 1 2 3 4 5 6 7 8 :3UB12 255-30 (32)

AQUIFER

Descnpbon Middle DeVOnian DepOSits

Fractured Limestones With layers of sand
Thickness of aqUifer m 100 350
Slanc water level m (~) 22 8

Pumping rate m3/day 406 3600

SpeCIfic capaclty m2/day 458 4320

TransmissIVIty m2/day 2070
Thickness of covenng layer m 10 15
Thickness of clay Within the covenng layer m 10 15

YIELD 1 000 m'/day
Total

Pluhlv 90
Safe Yield

70
Added Yield

20

OPERATION AND STOPPAGE OF WELL
FIELD
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East Well Field AnalysIs Vllshanytsla

Cntenon of operabng effecbveness of well field 0 91

AQUIFER
Descnptlon Upper Cretaceous DepoSlls

Fractured Siltstones and Chalks

Thickness of aqUifer m 50
Static water level m (~) 3 0 5 0

Pumping rate m3/day 3603 4320

SpeCIfic capaCIty m2/day 406 458

TransmissIVIty m2/day 2500
Thickness of covenng layer m 10 15
Thickness of day wlthm the covenng layer m 10 15

Added Yield

105

Probability of non stop worl< of well field

------

OPERAnON AND STOPPAGE OF WELL
FIELD

~ ~ ~ 'E i:' " "" ~ .Ii .Ii .Ii .Ii~ D. C .a. :>

I E E .. E .a. go E 0 E E.. -E.
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IIOperabng T,me oStoppage
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STOPPAGES IN OPERATlNG OF WELL FIELD
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I III Number of Stoppages I

(90)
(65)
(32)

4
70
426

0696

904

Safe Yield

164

WELL FIELD (technical charactenstlcs)
Number of wells
Depth of wells m
Dlameterofwells mm
Type of pumps (capaCIty kW)
wells 1 2 3UB12 160-140
wells 3 3UB12 160-100
well 4 311B10-63-110

Percent of stoppages %

YIELD 1 000 m~/day

Total

Vilshanytsla 26 9

STOPPAGES DURING 1995
IN PERCENT

mEleclnClIy IIIWell Construction DPump I

REASONS FOR STOPPAGES
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South Well Field AnalysIs Stryl

Probability of non stop work of well field 0 343

Cntenon of operabng effecbveness of well field 0 974

fi ~ 11 i: f
..
~ !j ! I ! !..

~ "" 2 ~ " g E E".!. .t> .. i ~ 8o!l 0

: " -8

E10perabng Time oStoppage

.....

OPERAnON AND STOPPAGE OF WELL
FIELD

STOPPAGES IN OPERAnNG OF WELL FIELD

.. 1060

~ 1040
'0 1020
~.. 1000Q
co 9BO

~ 960
~ 940
'0.. 920
.t>
E 900

"z BBO

(45)

(22)
(32)

(45)

34
30
426

255

Added Yield

o
Safe Yield

140

YIELD 1 000 m'/day

Total
S!ryI 140

Percent of stoppages %

AQUIFER

Descnpbon Middle and Upper Quartemary

AlluVIum Complex

Sand Gravel Boulder In different propornons
Thickness of aqUifer m IO 12
Slabc water level m ( ) 1 5 4 0

Pumping rate m3/day 1494

SpeCIfic capaCIty m'/day 1530

TransmissIVIty m'/day 1200
Thickness of covenng layer m 3 5
Thickness of clay wllllln the covenng layer m 0

WELL FIELD (technical charactenstics)
Number of wells
Depth of wells m
DIameter of wells mm
Type of pumps (and capaCIty kW)

wells 1 6 8 11 :311B12 160-65
wells 7 :3UB10-63-65
well 12 26 28 34 aUB12255-30
wells 27 :3UB12 160-25

~ ~ 11 'S. i!' .. ~ '!j ! ! ! .8.. .. " .a.
" ~ ~

.. E .a. co 0 E" " 11.!. .. ..
~ IIo!l 'Ii 0

: " -8
III Number of Stoppages I

STOPPAGES DURING 1995
IN PERCENT 100"
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.t>
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6010 101

0"
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South Well Field AnalysIs Hlynna Navarta

Cntenon of operabng effecbVeness of well field 0 941

~ .8 .8 jj lIi E tl E
.!l G BQ. 0 1;:: ~ -!l

oStoppage I

OPERATlON AND STOPPAGE OF WELL
FIELD

STOPPAGES IN OPERATlNG OF WELL FIELD

9

8

.. 7
G

ll' 6
Q.
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REASONS FOR STOPPAGES
100%
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.. .. E .2-
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1:1 Operabng TIme

(32)
(17)

(65)

Added Yield
43

Safe Yield
147

aUB10-63-110
aUB6-16-100
8UB12160-100

well 23
wells 6 6a B

STOPPAGES DURING 1995
IN PERCENT

43/

Percent of stoppages % 5 94

WELL FIELD (technical charactenstlcs)
Number ofwells 12
Depth of wells m 70
D,ameterofwells mm 426
Type of pumps (and capaCIty kW)
wells 1 1a 2a 4 5 7 7a

YIELD 1 000 m'/day
Total

Hlynna Navana 19

Probability of non stop work of well field 0 116

AQUIFER
Descnpbon Upper Cretaceous DepOSits

Fractured Siltstones and Chalks

Thickness of aquifer m 40
Stabcwaterlevel m (+) 1 0 12

Pumping rate m /day 1140 6333

SpeCIfic capaCIty m2/day 53 1330

TransmiSSIVity m2/day 500
Thll:lmess of covenng layer m 15 20
Thickness of clay wtlhln the covenng layer m 10 15

FlgureA-14
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South Well Field AnalysIs Blbrka

Probability of non stop work of well field 0 091

Cntenon of operabng effectiveness of well field 0 943

~ i II .8 j&
" i E. ! ~

:: g

CStoppage I• Oparabng Time

OPERATlON AND STOPPAGE OF WELL

FJELD

Il~fl~
.l!

STOPPAGES IN OPERATlNG OF WELL FIELD

.!!! 380
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'S 3!iO
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(32)

(17)

Added Yield

67

Safe Yield

133

:3UB10-120-65

:3UB8-25-70

YIELD 1 000 m~/day

Total

Blbrka 20

Percent of stoppages % 5 71

WELL FIELD (tachnlcal charactenstlcs)
Number of wells 12
Depth of wells m 75
DIameter of wells mm 426

Type of pumps (and capaCIty kW)

wells 1 3 4 4a 6 :3UB12 160-65 (45)
wells 1a 2a 6a 7 8 8a

wells 2

AQUIFER
Descnpbon Miocene Complex mostly Sandstones
somebmes weathered and washed to

Sand and Gravel

Thickness of aquifer m 40

Slabc water level m (+) 1 7 4 5

Pumping rate m~/day 1780 5885

Specific capaclly m'/day 88 720

TransmissIVIty m'/day- 1070
Thickness of covenng layer m 15 20
Thickness of clay Within the covenng layer m 15 20

~ ~ ~ l iri' ~ ~ i .8 .8 .8 I~
. • E .=.
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IIINumberofStoppagas

STOPPAGES DURING 1995
IN PERCENT
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South Well Field AnalysIs, Malechkovychl

AQUIFER
Descnpbon MIocene Complex mostly Sandstones
somebmes weathered and washed to
Sand and Gravel
Upper Cretaceous Deposits
Fractured Siltstones and Chalks
ThIckness of aquifer m 40
Stabc water level m (+) 1 0 1 2

Pumping rate m'/day 3603 4320

Specific capaCIty m2/day 53 1330

TransmissIVity m2/day 500
ThIckness of cavenng layer m 15 20
Thickness of clay within the cavenng layer m 3 5

~
.. ... !i ! 1:c .a..a. .. E ~;

i 0

OPERAnON AND STOPPAGE OF WELL
FIELD

oStoppagefJ Operabng Time

31..
~ 30
'l;

!- 29o..
c

~ 28

~ 27

~
i 26

Added YIeld
o

Safe Yield
5

YIELD 1 000 m'/day
Total

Malechkovychl 5

Cntenon of operabng effecbveness of well field 0992

WELL FJELD (technIcal characteristics)
Number of wells 1
Depth of wells m 70
Diameter of wells mm 426
Type of pumps (and capaCIty kW)
wells 1 3UB12 160-65 (45)

ProbabilIty of non stop work of well field

Percent of stoppages %

0992

082

STOPPAGES iN OPERAnNG OF WELL FIELD
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West Well FIeld AnalysIs - Voila Dobrostanska

YIELD 1 000 m'/day
Total Safe Yield Added

AQUIFER
Descnpbon Miocene Complex mosUy Sandstones
somellmes weathered and washed to
Sand and Gravel

thickness of aqUifer m 35
Stallc water level m ( ) 3 5 15 0

Pumpmg rate m3lday 2073 6912

Specific capaaty m'/day 458 1918

TransmissIVity m'/day 690 2890
Thickness of cavenng layer m 5 15
Thickness of clay withm the cavenng layer m 0 2 lJStoppage1I0perabng Time

OPERAnON AND STOPPAGE OF WELL
FIELD

130

ii ~ ~ ~ i ..
~ ~ .8 .8 .8 !j

c
~

~
.=. '" ! -§ Ec ~

.!!!. .. ~ il! 0
0

"

150

135

155

140

145

35185
YIeld
Voila Dobrostanska 22

Cntenon of operallng effechveness of well field 0 996

Probablhty of non stop wor!( of well field

Percent of stoppages %

STOPPAGES IN OPERAnNG OF WELL FIELD
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(45)
(22)

5
70
426

0996

038

OPump I
100.4

IlIwetl Construchon

STOPPEGES DURING 1995
IN PERCENT

010

I IIElectnClty

WELL FIELD (technIcal characteristics)
Number of wells
Depth of wells m
Diameter of wells mm
Type of pumps (and capaaty kW)
wells 1 5 6 7 aUB12 16Q..65
wells 11 a UB10-63-65
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West Well Field AnalysIs Velykopole

YIELD 1 000 m'/day

Total
Velykopole 13

Safe Yield
8

Added YIeld
5

OPERATION AND STOPPAGE OF WELL
FIELD

155 r-

AQUIFER
Descnpbon MIocene Complex moslly Sandstones

somebmes weathered and washed to
Sand and Gravel

ThIckness of aquIfer m 35
Stabc water level m ( ) 3 8 5 6

Pumpmg rate m'/day 2073 6912

SpeCIfic capaCIty m2/day 458 1918

TransmissIVIty m Iday 690 2890
ThIckness of covenng layer m 10 15
thIckness of clay WIthIn the covenng layer m 0

150

145

140

135

130

DOperabng TIme IJStoppage
WELL FIELD (technical charactensllcs)
Number of wells
Depth of wells m
Diameter of wells mm
Type of pumps (and capaCIty kW)

wells 1 5 aUB1O-120-65
wells 2 4 aUB12 160-65
well 3 a UBB-25-70

5
70
426

(32)
(45)

(17)

STOPPAGES IN OPERATING OF WELL FJELD

Cntenon of operabng effecbveness of well field 0 998

Probability of non stop work of well field

Percent of stoppages %

0998

022

.8
E

i

STOPPEGES DURING 1995
IN PERCENT
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West Well Field AnalysIs Kamlanobrody

AQUIFER

Descnpllon Miocene Complex mostly Sandstones
somellmes weathered and washed to
Sand and Gravel

Thickness of aqUifer 10 25
Stallc water level 10 ( ) 2 2 3 6

Pumpmg rate m'/day 1132 2402

SpeCIfic capaCity m2/day 353 600

TransmiSSIVIty m2/day 1380
thickness of covenng layer 10 10 15
Thickness of clay Within the covenng layer m 5 10

OPERATION AND STOPPAGE OF WELL FIELD
1.0

40

20

0 ~ ...
~

~ ~ 6- ~
II ~
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II

::l E i.e. ol! • ! ~
8
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oStoppage
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iiiOperabng Time

60

80

!!
~ 120Added Yield

o
Safe Yield

23

YIELD 1 000 m'/day
Total

Kamlanobrody 33

WELL FIELD (techmcal characlerisbcs)
Number of wells
Depth ofwells m
Dlameterofwells 10m
Type of pumps (and capaCity kW)
wells 1 2 3 4 8ilB12255-30

4
45
426

(32)

STOPPAGES IN OPERATING OF WELL FIELD

Cnlenon of operallng effeclJveness of well field 0891

Probability of non slop work of well field

Percent of sloppages %

0254

979
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STOPPEGES DURING 1995
IN PERCENT

11/

I III EleetnClly IIIJWell ConstruclJon OPump

REASONS FOR STOPPAGES

100% r-r- r-r-
got.

80t... 70%II
to.. 60%Cl.
Cl.

50t.Q

iii
'0 40t.

! 30%
E 20t.::lz

101

0/

~ ~ ~ 'S. i: II i ~ .8 ~ .8 .8.. E .a::l 2 .. II go E E Ei ... E .. i 1i ~ 8ol! Q
~:: c:

I mEleetnClly IIIJWeli ConstruclJon oPump I

FlgureA-19
West Well Field AnalySIS - Kamlanobrody

e IlVlvl3941t ImdatelwfAxlsl19Au 97 •
ENV1RONMENTAL POLlCY AND

TECHNOLOGY PROJECT

CH2M HILL IntunatlDnlll Su",ccs Inc

'4t'··'
~
CUi'/11



West Well Field AnalysIs. Malchytsl

YIELD 1 000 m'/day
OPERATION AND STOPPAGE OF WELL FIELD

Tolal Safe Yield Added Yield
280 .... .... .... .... ...... 270 .... .... ....Malchytsl 213 157 56 'i

i:
'l; 260

AQUIFER ~ r-
Descnpbon Miocene Complex mosUy Sandstones .:: 250

somebmes weathered and washed to
..
c

2~O:fSand and Gravel 0

Thickness of aquifer m 35 i: 230
1>

Slane water level 10 ()50 70 l; 220
Pumpmg rate m3/day

JJ
2436 5450 E

"Specific capaCity m2/day 251 601 z 210
~ ~ f! 'l l;' ~ .?;- -.; .8 .8 I .8

TransmissIVIty m2/day
.. i E .2- .2- "650 " E .. i E 0 E" "8Thickness of covenng layer m 30 40 .!!!, J!! ! ~ II

Thickness of clay Wlthm the covenng layer m 5 10
: c ~

IIOperabng TIme OStoppage
WELL FIELD (technical characteristics)
Number ofwells 9
Depth of wells m 70
Diameter of wells 10m 426 STOPPAGES IN OPERATING OF WELL FIELD

Type of pumps (and capaCity kW) ~

wells 1 2a 3UBB-25-70 (17)

wells 2 3 3a 4a 3UBl 0-63-11 0 (32)

well 4 5 6 3UB12 160-65 (45) .. 3......
Do

Cmenon of operanng effecbveness of well field 0 969 Do;2
Probability of non stop work of well field 0366

l;

!
Percent of stoppages % 304
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West Well Field AnalysIs Budzen

AQUIFER
Descnpbon Miocene Complex mostly Sandstones
somebmes weathered and washed to
Sand and Gravel

Thickness of aqUifer m 30
Stabc water level m ( ) 1 4 6 5

Pumpmg rate m3/day 720 3456

SpeCIfic capaCIty m'/day 124 1839

TransmISSIVIty m2/day 2050
Thickness of covenng layer m 15 50
Thickness of clay WIth," the covenng layer m 5 15

YIELD 1 000 m'/day
Total

Budzen 54 2

Safe Yield

452

Added Yield

9

OPERAnON AND STOPPAGE OF WELL
FIELD
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IIOperabng TIme CStoppage

Probability of non stop work of well field 0 024

Critenon of operabng effecbveness of well field 0 929

STOPPAGES IN OPERAnNG OF WELL FIELD

(32)
(32)

(45)
(17)

22
70
426

666Percent of stoppages %

WELL FIELD (technical characteristIcs)
Number of wells
Depth of wells m
Dlameterofwells mm

Type of pumps (and capaCIty kW)

wells 1 2 6a 7 7a 8 9 9a 10 lOa 1111a

12 13 13a 15a aUB10-120-65

wells 5 5a 14a aUB10-63-110

well 6 12a aUB12 160-65
wells 17 aUB8-25-70

~
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West Well Field AnalysIs Kernytsla

AQUIFER

Descnpbon Miocene Complex mosUy Sandstones
somebmes weathered and washed to

Sand and Gravel

Thickness of aqUifer m 35

Stabc waler level m (+) 2 0

Pumping rate m3/day 720 3456

Speemc capacity m2/day 124 1839

TransmissIVIty m2/day 2050
ThIckness of covenng layer m 15 50
ThIckness of clay within the covenng layer m 5 15
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YIELD 1 000 mS/day

Total
Kemytsla 15 4

Probability of non slop work of well field 0 455

Cntenon ofoperabng effecbveness of well field 0961

Percent of sloppages %

STOPPAGES IN OPERATING OF WELL FIELD
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WELL FIELD (technical charactenstlcs)
Number of wells
Depth of wells m
Diameter of wells mm
Type of pumps (and capaCIty kW)

wells 1 1a 3 3a 4 5 6
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The Environmental Polley and Technology (EPT) Project Environmental degradatIOn and natural re~ource ml~

management threaten public health blOdner~lty and economic vItality In the New Independent State~ (NIS) To a~~I~t the
NIS In alleViatIng the~e problem~ the US Agency tor InternatIOnal Development (USAID) began the EPT Projelt In 1991
EPT provlde~ techOlcal lS~I~tance and policy adVice In the environmental ,ectol and promote~ envlronmentallv ~ound ewnomlc
development through public ,md pnvate U Sand NIS partner~hlp~ The EPT Project I~ mdnaged by US AID ~ lth ~upport

trom the LJ S Em 11 onmental ProtectIOn Agenc" (USEPA) For a~~I~tance In projelt de~lgn management md In'plementatlon
USAID ha~ agreements wlth CH2M HILL International Harnrd In~tltute tor InterndtlOnal Development lnd IS <\R A~ the
pnmarv EPT contractor CH2M HILL InternatIOnal hd~ the Ie Id role In delIvenng techmcal a~~I~tance 10glqlLa! wpport md
polIcy ~upport tor ~eleeted project~ EPT Regional Otflle~ are located In Wa~hIngtol1 D C Mo~cow RU~~id Kiev Ukiame
and Almaty KaZakhstan

CH2M HILL InternatIOnal ConsortIUm of Subcontractors CLntel tor InternatIOnal EnvllonmentJl LJW Clark
Atldnta UlIIver~ltv/HI~tonclily Black College~ Umver~ltle~ and MmoIltv In~t1tutlOn~Technology COn~OltiUm Con~or

t\Um tor InternJtlOnJI Development EWjum Em BonmentJI ComplIdl1ce Inc Han ud II1~tltllte tor 1I1ttl n ltlol1al DLvdop
ment HlIghe~ Techmcal Senlle~ Compal1'v [nterndtiondl Progrdm~ Con~ortlL1m [nterndtlOnal Re~ource~ GIOUp [nteitJX
K&M Eng1l1eenng Ogden El1\lronmentdldnd Enelgv SenlLe~ PnCL WlterhOU~L the World WIldhtc Fund dnd numerou"
IOLdl "ubcontraLtor" dnd cooperdtor~ throuJhout the NIS
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